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Abstract
Acquisition of HIV among pregnant women has widespread
public health implications. Despite improved maternal and child
health outcomes including preventing mother-to-child HIV
transmission (MTCT), it remains an area of concern. This article
describes the demographics, HIV prevalence and related risk
behaviours among females aged 15-54 years, who reported
being pregnant at the interview. Data were extracted from four
South Africa National HIV Prevalence, Incidence, Behaviour and
Communication Surveys dated 2005, 2008, 2012 and 2017. The
sample sizes were n=4954, n=3046, n=7022 and n=9874,
respectively. The analysis showed that pregnancy declined over
time from 5.3% to 3.9%. Most pregnancies occurred among
Black Africans and Coloureds, single women, youth aged 15-19
years (2005-7.5%; 2008-16.2%), those with a minimum of
secondary school level education (2012-7.8%; 2017-5%) and
among the unemployed (2005-6.6%; 2008-5.8%). Pregnancies
were higher among women with multiple sexual partners and
those who did not use a condom at last sex and had no
knowledge of MTCT. HIV prevalence was 35.6% in 2005 and
27.2% in 2017; representing a decline over time, but also shows
relatively stable HIV prevalence among pregnant women. This
suggests a need for tailored sexual and reproductive health
(SRH) interventions, focused on risks involving multiple sexual
partnerships and unprotected sex, and enhancing MTCT
knowledge.
Keywords: pregnancy, adolescents, national surveys, HIV, risk
behaviour
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1. Introduction
The global demographic impact of the COVID-19 public health
crises is unfolding. For fertility transitions, there are several
proximal and distal factors at play, including access to and
uptake of sexual and reproductive health (SRH) services such as
contraception and pregnancy intentions. The average lifetime
births per woman, or total fertility rate (TFR), is declining.
Without adjusting for the COVID-19 impact on fertility rates, a
recent global report showed that TFR declined from 3.2 in 1990
to 2.3 in 2020 (Population Reference Bureau, 2021). Africa has
the highest global TFR at 4.3 in 2020, while South Africa has
among the lowest TFRs in sub-Saharan Africa (SSA) (Population
Reference Bureau, 2021) at 2.3 in 2021 (Statistics South Africa,
2020). The TFR in South Africa thus approximates the global TFR.
Linking and integrating SRH and HIV services at policy, health
system and service delivery levels have been explored to
promote maternal and child health (MCH) in some SSA countries
(UNFPA, 2015). While cross national health systems are
responding to the COVID-19 crises, SRH is a significant global
public health issue. Specifically, unintended pregnancies are of
public health importance due to the increased likelihood of
unsafe abortions and MCH outcomes (Sedgh, Singh, and
Hussain, 2014). Assessments of the COVID-19 impact on SRH
services in 29 countries showed the greatest disruption in
3
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accessing contraceptive services (Endler et al., 2021). As of
March 2020, when COVID-19 was rapidly spreading,
approximately 450 million women used some form of modern
contraception in low-and-middle-income countries (UNFPA,
2020), while approximately 1.4 to 2.7 million unintended
pregnancies were projected if the SRH disruptions lasted
approximately four months due to COVID-19 related restrictions
(UNFPA, 2021).
In South Africa provision of SRH services, prevention of sexually
transmitted infections (STIs), including HIV, and the intersection
of these with SRH, are important public health foci. As part of a
project on Prevention and Detection of HIV among pregnant
women in South Africa, commissioned by the United Nations
Population Fund (UNFPA) in 2021, we aimed to describe the
proportion of pregnancies by socio-demographic and HIV
related risk behaviours, using self-reports.
Sub-Saharan Africa has the highest rate of HIV positive pregnant
women (Armstrong-Mensah et al., 2020), rendering the
preservation of MCH a priority for health systems. HIV infection
has major implications for the management of pregnancy,
childbirth and living with HIV. South Africa has the largest HIV
epidemic and women of reproductive age are more vulnerable
to HIV acquisition than their male counterparts (Mabaso et al.,
2019). Although data from South African antenatal care surveys
4
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(ANCHSS) show a decline in HIV incidence among pregnant
women (Woldesenbet et al., 2021), HIV prevalence among
females remains high.
In 2020, 14% of all births were among 15-19 year old mothers in
South Africa (Population Reference Bureau, 2021). According to
the 2016 South African Demographic Health Survey (NDoH et al.
2019), 9% of 15-17 year old adolescent girls and young women
(AGYW) and 16% of 15-19 year old AGYW had started
childbearing, while 18% of women had given birth by 18 years of
age. Unplanned or unwanted teenage pregnancies compromise
women's SRH and well-being, and impact negatively on school
completion and economic activity (Willian, 2013; Yakubu and
Salisu, 2018). It also points to fractured health systems, deficits
in health education, comprehensive SRH counselling and access
to family planning (Davids et al., 2020; Yakubu and Salisu, 2018).
Therefore, in this paper we focus on women of reproductive age
from national HIV surveys in South Africa, including
characterisation of AGYW.
Chandra-Mouli, Neal, and Moller (2021) highlighted challenges
in using general national statistics for SRH data as they dilute
disparities at a finer level. Some inequalities faced by SSA
adolescents, pertain to inadequate access to and use of
contraceptives, early sexual debut, early, unwanted or
unplanned childbearing, low socio-economic contexts and
5
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education levels, residing in rural localities (Chandra-Mouli,
Neal, and Moller, 2021) and intimate partner violence
(Mthembu et al., 2021). These authors recommended using
household survey data disaggregated by demographic, socioeconomic and geographic categories to identify priority groups
for targeted policy recommendations and programmatic design.
Whilst the ANCHSS characterise women presenting at health
facilities for antenatal care, self-reported pregnancies have been
measured through different surveys in South Africa and can be
linked to behaviours.
The Youth Risk Behaviour Surveys (YRBS) among 11-19 year old
adolescents, conducted in 2002, 2008 and 2011 estimated the
prevalence of ever having been pregnant among female high
school learners who ever had sex. Overall HIV prevalence
increased from 2002 to 2008. Pregnancy among learners was
19.1% in 2002, 24.4% in 2008 and 22.2% in 2011 (Jonas et al.,
2016; Reddy et al., 2003; Reddy et al., 2010; Reddy et al., 2013).
Adolescent pregnancy was significantly associated with having
multiple sexual partners, irregular condom use, alcohol use
before sexual activity, past-month alcohol binge-drinking and
mandrax use (Jonas et al., 2016; Reddy et al., 2003; Reddy,
2010).
Data collected from the latest national South African HIV
prevalence survey showed that self-reported pregnancy among
6
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15-19 year old females who were sexually active in the past year
was 21.3%, among whom 41.5% were HIV positive (Simbayi et
al., 2019; Zungu et al., 2021). This proportion translates to 107
859 pregnant females aged 15 to 19 year old, among whom 22
705 were HIV positive (Zungu et al., 2021). The estimated one
fifth of pregnancies among adolescents is slightly lower than the
overall Southern African development region’s estimated
pregnancy rate at 25% and is consistent with the 19% found
among 10-14 year old AGYW in South Africa, between 20072017 (Yah et al., 2021).
Statistics on maternal deliveries in medical facilities during April
2020 to March 2021 show that most teenage pregnancies were
in the Northern Cape (19.3%), Eastern Cape (17.1%), KwaZuluNatal (16.5%), Mpumalanga (15.5%) and Gauteng (8.9%)
(Parliamentary Monitoring Group, 2021). A telephonic survey of
AGYW conducted during December 2020 to February 2021 in six
districts found approximately 73.9% of AGYW ever had sex,
among whom 93.7% had sex during the preceding 12 months
and 30.1% (n=2160) reported they had ever been pregnant
(Mathews et al., 2021). Estimations were that 1300 AGYW
acquired HIV per week in South Africa (Parliamentary
Monitoring Group, 2021). Thus, it remains important to
disaggregate survey data for pregnant women by demographic
and behavioural risk factors associated with HIV.
7
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2. Methods
2.1 Data and Survey Design
Since 2002, the Human Sciences Research Council (HSRC) and its
collaborators have implemented five National HIV Prevalence,
Incidence, Behaviour and Communication Surveys (known as the
“SABSSM” surveys) in South Africa. The primary aim is to provide
HIV surveillance estimates and characterise its socio-behavioural
drivers. In this paper, secondary analyses were conducted using
data from the four most recent survey waves. Data collection
was completed in 2005, 2008, 2012 and 2017 respectively
(Shisana et al., 2005; Shisana et al., 2009; Shisana et al., 2014;
Simbayi et al., 2019). Data from the 2002 survey was not
included here, due to relatively small sample sizes and different
HIV testing procedures, compared to the other four survey
rounds.
Full details of the methodologies are contained in Simbayi et al.
(2019). A multistage, cross-sectional survey design was used in
all four nationally representative population-based surveys. The
sampling methodology was consistent across these four survey
years, thereby allowing for comparison of estimates.
The sampling was stratified by province and locality type.
Oversampling was done where necessary within each survey, to
8
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meet the minimum target sample and to allow for meaningful
comparison to the general population. Population groups were
as per the South African census (Statistics South Africa, 2003).
Sampling weights were calculated for each survey, to account for
unequal sampling probabilities at enumerator area and small
area layer levels. Data were benchmarked to the respective midyear population estimates by age, population group, sex, and
province for nationally generalizable estimates.
A household questionnaire was administered to the household
head. Age-appropriate questionnaires were administered to
eligible participants in all surveys. Broad thematic areas in the
survey
questionnaires
comprised
socio-demographic
characteristics, sexual practices and behaviour, knowledge,
attitudes and perceptions regarding HIV, HIV testing, exposure
to HIV-related information in the media, and general health
related characteristics among others. Dried blood spot (DBS)
specimens were collected for HIV testing among consenting
participants.
The DBS samples collected from eligible and consenting
participants were tested for HIV using HIV enzyme
immunoassays. These were used to calculate HIV serological
status. The testing details are described in full in the four survey
reports (Shisana et al., 2005; Shisana et al., 2009; Shisana et al.,
2014; Simbayi et al., 2019).
9
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2.2 Sample selection for the analytical sample
Outcome variable
The primary outcome variable used in this study was being
pregnant at the time of the survey, referred to as ‘currently
pregnant.’ Current pregnancy was tabulated from the question
“Are you currently pregnant” in the 2005 and 2008 surveys and
by the question “Are you pregnant now?” in the 2012 and 2017
surveys. The question was asked only to females aged 15 to 54
years who reported they had ever had sex and they had sex
during the 12 months preceding the surveys. The analytic
samples per survey year were restricted to women who met
these criteria. Current pregnancy was dichotomised into Yes/No
while responses for ‘Unsure’ were recoded as missing. The
analytic sample sizes per survey year were 4954 in 2005, 3046 in
2008, 7022 in 2012 and 9874 in 2017.
Explanatory variables
The SABSSM surveys contain several close-ended questions
pertaining to participants’ socio-demographics, knowledge,
attitudes and practices and behaviours. The selected
explanatory variables were informed by a literature review on
the socio-demographic and socio-behavioural factors associated
with pregnancy and HIV incidence among reproductive age
10
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women (Ahinkorah, 2020; Biney, Amoateng, and Ewemooje,
2021; Jonas et al., 2016; Mabaso et al., 2018; Mabaso et al.,
2021; Reddy et al., 2003; Reddy et al., 2010; UNAIDS, 2012
Woldesenbet et al., 2021). The explanatory variables were
categorised into socio-demographic, sexual and HIV related risk
variables.
Table 1 lists the explanatory variables and their response
options. The laboratory confirmed HIV status as either positive
or negative. HIV prevalence was calculated as the proportion of
women tested, who were found to be infected with HIV out of
the sampled sub-population.
Statistical analysis
Statistical analyses were conducted using Stata statistical
software, Release 15.0 (College Station, TX: Stata Corporation).
Stata’s survey prefix command was used in the analyses to
account for the complex survey design and non-response.
The proportion of self-reported current pregnancy was
tabulated for each of the explanatory variables by survey year
using row proportions including HIV status, and weighted counts
for current pregnancies. Pearson chi-square tests reporting 95%
confidence intervals and a p-value ≤0.05 were used for statistical
significance. Maps showing calculated proportions and counts of
11
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current pregnancies by province were created in ArcGIS version
10.7.
Ethical approval and consent procedures
Ethical approval for the four surveys were obtained from the
HSRC’s Research Ethics Committee (REC) (Reference numbers:
5/24/06/04; 2/23/10/07; 5/17/11/10 and 4/18/11/15). All
eligible people who agreed to participate were required to
provide written consent. Verbal consent was obtained from
illiterate participants. Written Informed consent for survey
participation and for DBS collection were obtained for
participants aged ≥18 years. For participants younger than 18
years, informed consent were obtained from the
parents/guardians and assent was obtained from the
participants themselves.

12
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Table 1: Explanatory variables and their response options
Socio-demographic

Province
Locality type
Population Group
Marital status
Age (years)
Highest education level
Employment
Sexual and HIV risk related variables
Number of sexual partners
Age mixing
Age at sexual debut (years)
Self or partner used condom at last sex
Ever had an HIV test

HIV risk perception
Knowledge of MTCT of HIV

13

Western Cape, Eastern Cape,
Northern Cape, Free State,
KwaZulu-Natal, North West,
Gauteng, Mpumalanga, Limpopo
urban formal/informal, tribal area,
rural formal
Black African, White, Coloured,
Indian/Asian
Married/cohabiting, Single,
Divorced/widowed
15-19, 20-24, 25-34, 35-49, 50-54
None, Primary, Secondary, Matric,
Tertiary
Employed, Unemployed,
Student/learner
one, two or more
>=5 years older, >=5 years younger,
within 5 years older or younger
<=15 years, 16-18 years, >=19 years
Yes, No
Yes, No, No response
I am definitely going to get infected
with HIV,
I am probably going to get infected,
I probably won’t get infected,
I will definitely not get infected
with HIV
Yes, No, Don’t know
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3. Results
Pregnant women aged 15-54 years, SABSSM, 2005-2017
In 2005 5.3% (95% CI: 4.3-6.7) of women, were pregnant, in 2008
it was 5.6% (95% CI: 4.5-6.9), in 2012 it was 4.6% (95% CI: 3.95.5) while in 2017, it was 3.9% (95% CI: 3.4-4.6). The total
number of pregnancies is shown in Figure 1 [range 478946350166]. Figure 2 suggests a decline in pregnancies over time in
the analytical sample.
Figure 1: Total current pregnancies among women aged 15-54
years, SABSSM, 2005-2017
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Figure 2: Current pregnancies among women aged 15-54 years,
SABSSM, 2005-2017
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Socio-demographic characteristics of currently pregnant
women aged 15-54 years, SABSSM 2005-2017
Mostly Black African and Coloured women reported being
pregnant. In 2008, a significantly higher proportion of Black
African (6.2%, 95% CI: 4.9-7.9) and Coloured (6.2%, 95% CI: 4.38.8) women reported being pregnant (p=0.003) (Table 2).
Significantly higher proportions of single women consistently
reported current pregnancies compared to married women in
2005 (6.0%, 95% CI: 4.3-8.3), 2008 (8.0%, 95% CI: 5.9-10.7,
p=0.001), and 2017 (4.4%, 95% CI: 3.8-5.2, p=0.009). Pregnancies
were significantly higher (4.9%, 95% CI: 4.1-6.0, p=0.008) among
married/cohabiting women compared to women with other
marital statuses only in 2012.
The mean age and age range among pregnant women were as
follows: in 2005 it was 28 (15-53) years, in 2008 it was 28 (15-49)
years, in 2012 it was 27(15-50) years and in 2017 it was 27 (1547) years, showing a consistent mean age.
Pregnancies were significantly higher among women aged 25-34
years (7.3%, 95% CI: 5.7-9.4, p<0.001) in 2012 and those aged
20-24 years (5.8%, 95% CI: 4.5-7.4, p<0.001) in 2017 (Table 2).
Higher proportions of 15–19 year old females were pregnant in
16
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2005 (7.5%, 95% CI: 4.7-11.9, p=0.029) and in 2008 (16.2%, 95%
CI: 9.8-25.6, p<0.001).
Overall, more women with either no schooling/primary or
secondary school as their highest education level, were pregnant
in 2008 and 2012 compared to those with matric or tertiary
education (Table 2). The reported pregnancies by education
level were significantly different in 2008 and 2017. In 2008,
among women with some secondary school as their highest
education level 7.8% (95% CI: 5.9-10.4, p=0.011) were pregnant.
In 2017 a significant 5.0% (95% CI: 3.9-6.3, p=0.018) of women
with grade 12 as their highest education level were pregnant.
Pregnancies were also significantly higher among unemployed
women in 2005 (6.6%, 95% CI: 5.0-8.7, p=0.002) and 2008 (5.8%,
95% CI: 4.4-7.7) (Table 2). In 2008, 14.6% (95% CI: 8.1-24.7,
p=0.003) of students/learners were pregnant.

17
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Table 2: Socio-demographic characteristics of pregnant women aged 15-54 years, South Africa, 2005-2017

Variable

2005

2008

Are you currently pregnant
Row %
pN
(95% CI)
value

Are you currently pregnant?
Row %
pN
(95% CI)
value

Population Group
Black African

0.519
5.6[4.3-7.1]

1868

6.2[4.9-7.9]

White

543

4[1.5-10.0]

350

Coloured

850

5.6[3.7-8.4]

529

469

2.8[1.6-5.0]

291

1.1[0.5-2.3]

Total

4941

Marital status

N

N

4.9[4.0-6.0]

2.1[1.1-4.0]

657

6.2[4.3-8.8]

1305
773

0.9[0.4-1.9]

0.83
7981

3.9[3.4-4.6]

2.9[1.4-5.7]

404

3.8[1.6-8.7]

4.5[3.1-6.3]

1040

4.5[3.2-6.3]

449

2.8[1.1-6.8]

7019

0.078

Are you pregnant now?
Row %
p(95% CI)
value

0.073
4277

3046

2017

Are you pregnant now?
Row %
p(95% CI)
value

0.003

3079

Indian/Asian

2012

9874

0.001

0.008

0.009

Married/Cohabiting

2810

5.2[4.0-6.7]

1801

4.3[3.1-5.8]

6203

4.9[4.1-6.0]

3141

3.5[2.6-4.7]

Single

1880

6.0[4.3-8.3]

1065

8.0[5.9-10.7]

539

2.0[1.0-4.3]

6453

4.4[3.8-5.2]

259

1.3[0.6-3.0]

164

0.2[0.1-1.0]

207

1.5[0.4-4.7]

276

0.2[0.0-1.2]

Divorced/Widowed
Total

4949

3030

Age (years)

6949

0.029

9870

<0.001

<0.001

<0.001

15-19

361

7.5[4.7-11.9]

151

16.2[9.8-25.6]

493

5.9[3.7-9.4]

600

3.7[2.3-6.0]

20-24

1028

5.6[4.2-7.5]

522

9.6[6.5-13.9]

1179

6.0[4.5-8.1]

1697

5.8[4.5-7.4]

25-34

1288

6.7[4.6-9.8]

815

7.6[5.5-10.5]

2201

7.3[5.7-9.4]

3594

5.3[4.2-6.5]

35-49

1906

4.1[2.7-6.3]

1297

1.9[1.0-3.7]

2563

3356

2.3[1.6-3.3]

1.7[1.1-2.6]

18
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2005

Variable

2008

Are you currently pregnant
Row %
pN
(95% CI)
value

2012

Are you currently pregnant?
Row %
pN
(95% CI)
value

2017

Are you pregnant now?
Row %
pN
(95% CI)
value

Are you pregnant now?
Row %
pN
(95% CI)
value

Age (years)
50-54

371

0.6[0.1-2.9]

261

0

586

627

7022

0

Total
Highest education
level

4954

None/Primary

1152

5.6[3.3-9.4]

637

2.8[1.6-5.1]

855

4.2[2.6-6.9]

913

1.3[0.6-2.6]

Secondary

1888

5.3[4.2-6.7]

1172

7.8[5.9-10.4]

2435

5.2[3.9-7.0]

3031

3.7[2.9-4.8]

Matric

1325

5.2[3.6-7.5]

841

4.7[2.9-7.3]

2309

3.8[2.8-5.2]

3055

5.0[3.9-6.3]

Tertiary

576

5[2.4-9.9]

385

5.4[3.0-9.5]

674

4.4[2.3-8.2]

1169

4.3[2.8-6.5]

Total

3046

0.1[0.0-0.4]

0.983

4941

9874

0.011

3035

0.567

6273

0.018

8168

Employment
Employed

1665

3.4[2.4-5.0]

1215

4.1[2.7-6.3]

Unemployed

2825

6.6[5.0-8.7]

1640

5.8[4.4-7.7]

376

2.4[1.3-4.5]

122

4866

5.4[4.3-6.7]

2977

Student/learner
Total

0.002

14.6[8.1-24.7]
5.6[4.5-6.9]

0.003

2717

3.5[2.5-4.9]

3509

5.2[4.0-6.6]

513
6739

4[2.3-6.8]
4.4[3.7-5.3]

19

0.145

3257

3.9[3.0-5.0]

5846

3.9[3.3-4.7]

701

3.9[2.2-6.8]

9804

3.9[3.4-4.5]

Southern African Journal of Demography
Volume 22 (1), June 2022

0.996

Geographic distribution of pregnancies, SABSSM, 2005-2017
Although non-significant, there was some geographic
heterogeneity in pregnancy by geographic distribution (Table 3).
The urban formal/informal locality types had the most pregnant
women in 2008 (6.0%, 95% CI: 4.6-7.9), 2012 (4.9%, 95% CI: 3.86.2) and 2017 (4.0%, 95% CI: 3.3-4.8). The highest proportion of
current pregnancies were reported in the North West (9.8%, 95%
CI: 3.9-22.7) in 2005, Eastern Cape (8%, 95% CI: 4.7-13.4) in 2008,
Limpopo (6.2%, 95% CI: 4.0- 9.5) in 2012 and Western Cape
(6.0%, 95% CI: 4.1-8.9) in 2017 (Figure 3). This differed from the
2016 SADHS, where most pregnant women aged 15-49 years
lived in Gauteng (5.5%), Mpumalanga (4.1%) and North-West
(3.7%) (NDoH et al., 2019).
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Table 3: Pregnancies among women aged 15-54 years by province and locality, SABSSM,
2005-2017

Location
Province Name
Western Cape
Eastern Cape
Northern Cape
Free State
KwaZulu-Natal
North West
Gauteng
Mpumalanga
Limpopo
Total
Locality type
urban
formal/informal
tribal area
rural formal
Total

2005
Are you currently pregnant?
Row %
pN
(95% CI)
value
0.166
607
6.5[3.4,12.0]
727
5[3.4,7.3]
246
6.5[3.0,13.8]
326
4.5[2.6,7.9]
981
3.4[2.1,5.5]
367
9.8[3.9,22.7]
855
4.4[2.7,7.0]
371
4.2[2.3,7.6]
474
7.3[5.1,10.3]
4954
0.659

2008
Are you currently pregnant?
Row %
pN
(95% CI)
value
0.765
364
5.5[3.5,8.5]
393
8[4.7,13.4]
246
4.9[2.6,9.0]
170
4.7[2.4,9.1]
612
4.3[2.6,6.9]
241
6.3[3.4,11.4]
502
6.2[3.8,9.9]
253
4.8[1.5,13.9]
265
4.7[2.2,9.6]
3046
0.496

2012
Are you pregnant now?
Row %
pN
(95% CI)
value
0.132
927
3.2[2.0,5.1]
827
5.1[3.3,7.6]
561
5.9[3.6,9.5]
530
3[1.6,5.4]
1644
3.3[2.2,4.9]
496
4.4[2.5,7.7]
977
6[3.9,9.1]
488
4.7[3.0,7.3]
572
6.2[4.0,9.5]
7022
0.484

2017
Are you pregnant now?
Row %
pN
(95% CI)
value
0.234
719
6[4.1,8.9]
593
3.2[1.8,5.6]
478
4[2.5,6.2]
444
4.7[2.7,8.1]
3241
3.4[2.5,4.5]
721
3.7[2.4,5.5]
1759
3.5[2.5,4.9]
1241
4.3[3.1,5.9]
678
4.2[2.8,6.2]
9874
0.797

3386
1118
450
4954

2179
601
266
3046

4893
1459
670
7022

5577
3379
918
9874

5[3.8,6.4]
5.9[3.8,9.0]
5.4[3.4,8.5]

6[4.6,7.9]
5.2[3.5,7.6]
4.1[2.2,7.5]

4.9[3.8,6.2]
4.4[3.3,5.8]
3.3[2.0,5.3]
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Figure 3: Geographic distribution of pregnant women aged 15-54 years by province,
SABSSM, 2005-2017
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HIV prevalence among pregnant women, SABSSM, 2005-2017
HIV prevalence among pregnant women declined from 35.6%
(95% CI: 22.8-50.7, p=0.0019) in 2005 to 23.9% (95% CI: 13.239.4, p=0.947) in 2008 and 22.9% (95% CI: 14.8-33.7, p=0.848) in
2012. Between 2012 and 2017 HIV prevalence increased at
27.2% (95% CI: 20.7-34.9, p=0.851). We compared the HIV
prevalence among women attending antenatal clinics in South
Africa from 1990-2017 (ANCHSS), with the four SABSSM surveys
(Figure 4) and observed some peaks. HIV prevalence among
pregnant women peaked in 2005 followed by a decline in 2006
and an increase in 2017 (Woldesenbet et al., 2019). The SABSSM
HIV prevalence among currently pregnant women also peaked in
2005 and 2017 and has remained relatively stable since 2010
around 30% (Figure 4).
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Figure 4: HIV prevalence among antenatal care (ANCHSS) attendees, South Africa 1990-2017
compared to pregnant women, SABSSM, 2005-2017
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Risky sexual behaviours and HIV related characteristics among
pregnant women aged 15-54 years, SABSSM, 2005-2017
A higher proportion of pregnant women was found among those
having ≥2 sexual partners rather than one partner (11.8%, 95%
CI: 5.6-23.3, p=0.038) in 2008 (Table 4). Pregnant women
reporting lack of condom use at last sex was 11.0% (95% CI: 7.615.7, p<0.001) in 2005, 10.6% (95% CI: 8.0-13.9, p=0.001) in
2008, 7.1% (95% CI: 5.0-9.9, p=0.001) in 2012 and 6.1% (95% CI:
4.6-8.0, p<0.001) in 2017 (Table 4).
We found significant differences for ever having a HIV test by
pregnancy status and graphed these to show the trend over time
(Table 3, Figure 5). Overall, current pregnancies declined
regardless of whether they had tested for HIV (Figure 5). Among
those who had self- tested for HIV, current pregnancies ranged
from 7.3% (95% CI: 5.5-9.6, p<0.001) in 2005, to 5.1% (95% CI:
4.3,6.2, p=0.001) in 2012 and 4.2% (95% CI: 3.6-4.9, p=0.017) in
2017. However, these represent higher proportions than those
who had never tested and were currently pregnant, ranging from
3.7% (95% CI: 2.8-5.1, p<0.001) in 2005 to 1.3% (95% CI: 0.5-0.3,
p<0.0017) in 2017. Lastly, although non-significant a higher
proportion of women reporting current pregnancies was found
among those who indicated that they had no knowledge of
MTCT of HIV relative to those who said they did have this
knowledge, across the survey years except in 2012. There was a
proportional decline in current pregnancies over time for those
reporting knowledge of MTCT. This is reflected by 5.1% (95% CI:
4.0-6.3) in 2005 compared to 3.9% (95% CI:3.3-4.6) in 2017.
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Table 4: Pregnancies by HIV related risk behaviours among women aged 15-54 years,
SABSSM, 2005-2017

Variable
Sexual
partners
1
2+
Total
Age mixing
5+ older
5+ younger
Within 5
years older
or younger
Total
Age at
sexual
debut
(years)
<=15
16-18

2005
Are you currently pregnant
Row %
pN
(95% CI)
value

2008
Are you currently pregnant?
Row %
pN
(95% CI)
value

0.141
4726
135
4861

5.4[4.3-6.8]
2.7[1.0-6.7]

1900
134

2012
Are you pregnant now?
Row %
N
(95% CI)

0.038
2939
670
3006

5.5[4.5-6.8]
11.8[5.6-23.3]

5.1[3.8-6.8]
1.1[0.2-4.8]

1120
84

2827
4861

5.8[4.3-7.7]
5.4[4.3-6.7]

542
2031

6.5[3.8-10.9]
4.8[3.6-6.3]

0.724
6700
285
6985

4.7[3.9-5.6]
4.1[1.9-8.3]

6.1[4.5-8.3]
1.7[0.4-6.9]

2592
202

1681
2885

5.5[4.0-7.5]
5.7[4.6-7.0]

469
1226

4.9[2.5-9.4]
7.1[5.3-9.4]

0.264

3.9[3.4-4.6]
4[2.1-7.3]

5.2[4.1-6.6]
6.9[2.2-19.1]

4106
245

3.8[3.1-4.7]
5.5[2.3-12.6]

4169
6963

4.1[3.1-5.5]
4.6[3.9-5.5]

5341
9692

4[3.3-4.8]
3.9[3.4-4.6]

739
3020

4.7[3.1-7.2]
4.5[3.5-5.8]

1336
4929

3.6[2.5-5.1]
3.9[3.2-4.7]

0.414

0.153

0.683

0.851

26

pvalue
0.969

9352
435
9787

0.403

0.537

pvalue

2017
Are you pregnant now?
Row %
N
(95% CI)

0.743
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Variable
>=19
Total
Self or
partner
used
condom at
last sex
Yes
No
Total
Ever had
an HIV test
Yes
No
No
response
Total
HIV risk
perception
Definitely
going to
get
infected
with HIV

Are you currently pregnant
Row %
pN
(95% CI)
value
1937 5.7[4.2-7.6]
4510

Are you currently pregnant?
Row %
pN
(95% CI)
value
1332 4.4[3.0-6.2]
3027

<0.001
1493
122
1615

2.8[1.9-4.0]
11[7.6-15.7]

2240
2702

7.3[5.5-9.6]
3.7[2.8-5.1]

<0.001
971
884
1855

2.6[1.5-4.5]
10.6[8.0-13.9]

2240
795

6.5[5.3-8.1]
2.8[1.3-5.8]

<0.001

5
4947

0

3
3038

0

4.3[2.7-6.8]

3[1.8-4.9]
7.1[5.0-9.9]

5933
1071

5.1[4.3-6.2]
1.2[0.5-2.9]

4.2[2.8-6.2]

Are you pregnant now?
Row %
N
(95% CI)
3507 4.2[3.3-5.4]
9772

1
7005

0

1.6[1.1-2.2]
6.1[4.6-8.0]

8955
848

4.2[3.6-4.9]
1.3[0.5-3.0]

58
9861

0

0.017

0.664

2516

4.8[3.1-7.4]

27

pvalue

<0.001
3828
1580
5408

<0.001

0.406

1034

pvalue

0.001
2096
754
2850

0.071

0.313

1303

Are you pregnant now?
Row %
N
(95% CI)
2972 4.1[2.7-6.1]
6731

0.371

3465

3.5[2.6-4.7]
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2005

Variable
I am
probably
going to
get
infected
I probably
won’t get
infected
I will
definitely
not get
infected
with HIV
Total
Knowledge
of MTCT of
HIV
Yes
No
Don't
know
Total

2008

Are you currently pregnant
Row %
pN
(95% CI)
value

2012

Are you currently pregnant?
Row %
pN
(95% CI)
value

2017

Are you pregnant now?
Row %
pN
(95% CI)
value

Are you pregnant now?
Row %
pN
(95% CI)
value

1627

6.6[4.5-9.6]

997

6.8[4.8-9.6]

2479

4.1[3.1-5.4]

2959

3.9[3.0-5.0]

1917

5[3.8-6.5]

890

5.8[4.0-8.2]

1524

5.3[4.0-7.1]

1730

4.8[3.6-6.4]

87
4934

3.4[0.9-12.7]

99
3020

3.6[0.6-19.0]

443
6962

3.6[1.7-7.7]

318
8517

3[1.3-6.8]

4375
271

5.1[4.0-6.3]
9.2[4.4-18.2]

2500
305

5.2[4.1-6.7]
7.2[3.8-13.1]

5598
989

4.9[4.0-6.0]
3.5[2.2-5.5]

7863
1480

3.9[3.3-4.6]
4[2.8-5.6]

280
4926

5.5[2.9-10.1]

225
3030

7.4[3.9-13.5]

386
6973

4.2[1.9-9.0]

511
9854

4.5[2.4-8.0]

0.174

0.456

0.469
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Figure 5: Pregnant women and HIV testing over time based on
self-reports
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4. Discussion
Females of reproductive age have a high risk of HIV acquisition
particularly if they become pregnant. In the current context of
COVID-19, female SRH matters such as access to contraception
have come to the fore. We undertook a project on Prevention
and Detection of HIV among pregnant women in South Africa
during 2021, quantifying self-reported pregnancies by sociodemographic and HIV related risk behaviours among women of
reproductive age, including AGYW from national HIV prevalence
surveys in South Africa, conducted between 2005-2017.
The overall decline in self-reported pregnancies over time was
consistent with the historical declining TFR for South Africa
(Statistics South Africa, 2020) and compared to other SSA
countries (Bongaarts, 2020). Higher proportions of pregnancies
occurred among Black African and Coloured women, which
concurs with the 2016 SADHS. Whilst inequality and
disempowerment of women regardless of population group or
socio-economic status has prevailed in South Africa, there are
consistent variations in TFR by population group. Other authors
described contributory factors to the TFR decline including
improved education levels, decline in marriage, HIV/AIDS,
contraceptive use, dynamics of intra-household relationships
and the social roles of women (Burger, Burger, and Rossouw,
2012). Conversely, the following characteristics describe women
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who had high fertility levels: being unmarried, African
population group, low education and socio-economic levels,
having large household sizes, early sexual debut and lack of
contraception use (Biney, Amoateng, and Ewemooje, 2021;
Woldesenbet et al., 2021).
Approximately 10%-16% of pregnancies were reported by AGYW
aged 15-19 years in the 2005 and 2008 surveys. These are similar
to the SADHS 2016 (NDoH et al. 2019) i.e. approximately 9%-16%
of 15-19 year old AGYW were pregnant. The finding that 5%-10%
of pregnant women had a highest education level of secondary
schooling and matric/grade 12 in the two most recent SABSSM
surveys is consistent with other studies where childbearing in
the teenage years was associated with low education attainment
(Biney, Amoateng, and Ewemooje, 2021 Christofides et al.,
2015). Low education attainment might be due to school
dropout or poor academic performance. Willian (2013) reported
that one third of pregnant teenagers remain in school or return
to school following the birth of their children, noting the risk of
not returning to school increased significantly with time.
Completing school and potentially higher education levels,
represents a gateway for young women to access post-school
employment opportunities, gain economic independence
through their earning potential including being able to provide
for children, and participate in decision making within the family
(Willian, 2013; Yakubu and Salisu, 2018).
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Aligned with other research, results show pregnancies were
relatively high among unemployed and single women, although
our analysis also included school going girls. The interplay
between marriage and pregnancy is complex and context
specific (Ahinkorah et al., 2021). Non-marital births may
contribute to the perpetuation of socio-economic inequality
across generations. For instance evidence shows that babies
born to single or unmarried mothers have an increased
likelihood of being raised in poverty and themselves engage in
early sexual debut compared to babies born to married or
partnered women (Biney, Amoateng and Ewemooje, 2021; Posel
and Rudwick, 2012).
The current study found relatively high HIV prevalence among
currently pregnant women. Pregnancy is a risk factor for HIV
acquisition among females of reproductive age (Mugo et al.,
2011; Peltzer and Mlambo, 2013) due to behavioural and
biological drivers. Risky sexual behaviours increase the risk of
HIV acquisition and other STIs (Johnson et al., 2009) if condoms
are not used. Antenatal HIV sero-prevalence surveys have been
conducted for the past 20 years among women aged 15-49 years
who were first time clinic attendees in South Africa. Our analyses
of HIV prevalence among self-reported pregnant women
showed peaks in 2005 and 2017, which approximates the HIV
prevalence trend reported among the general population of
antenatal attendees. This suggests the need for continued HIV
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prevention efforts aimed at women and particularly AGYW, and
to manage living with HIV if positive.
Previous studies observed a disconnect between HIV awareness
and decisions around union formation, management of sexual
relationships and childbearing amongst AGYW (Gomez et al.,
2019; Madhavan, Harrison, and Sennot, 2013). Our analyses of
those women who expressed not having knowledge of MTCT,
found 4%-9% were currently pregnant. There are gaps in
assessing the knowledge levels of MTCT among women (Teshale
et al., 2021). An analysis of 350 888 women from 33 SSA
countries including South Africa, found low levels (56.21%) of
correct knowledge about MTCT of HIV and its prevention
(Teshale et al., 2021).
A qualitative study in KwaZulu-Natal showed that women aged
18-50 years had limited knowledge of how MTCT actually
happens e.g. transmission during the pregnancy or
labour/delivery, through breastfeeding, not adhering to
antiretroviral therapy and engaging in unprotected sex during
the pregnancy (Haffejee, Ports, and Mosavel, 2016). They also
found that community health care volunteers themselves lacked
knowledge regarding the modes of MTCT. Similarly Ramoshaba
and Sithole (2017) found a knowledge deficit on modes of MTCT
among HIV positive mothers aged 26-35 years in Limpopo
province enrolled for prevention of MTCT (PMTCT). The findings
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show a need for continued messaging about MTCT within the
health sector and among women in general to maintain the gains
made in maternal health and PMTCT of HIV.
In our analytical sample, the lack of condom-use at last sex (6%11%) and having multiple partners (approximately 12%) suggests
the women engaged in risky sexual behaviour whilst knowing
they were pregnant. Lack of condom use among AGYW might be
due to a lack of knowledge or power to negotiate using them
(Pulerwitz, Mathur, and Woznica, 2018). Unequal gender power
relations influence AGYW’s ability to influence their partners to
test for HIV (Robinson et al., 2017). Women engage in
transactional sex or are in intergenerational relationships, hence
there might be fear associated with condom negotiation or
perpetration of violence (Bermudez et al., 2021). Even in
committed relationships, condom use is associated with
disrespect, unfaithfulness, having HIV infection and mistrust
(Aventin et al., 2021).
In South Africa HIV testing is part of antenatal care services.
Although we found a small proportion of women reporting that
they never tested for HIV and were currently pregnant, this
warrants attention as awareness of one’s status is an important
link to care for both women and their babies, so no pregnant
woman is left behind in the UNAIDS 90 90 90 cascade (UNAIDS,
2014). The findings underscore the continued need to engage
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women about pregnancy not only for optimal MCH outcomes
but as a risk factor for HIV infection through comprehensive SRH
strategies (Meherali et al., 2021). Despite a decline in fertility in
South Africa, AGYW need continuous engagement on SRH issues.
To this end, Davids et al. (2020) highlighted the SRH policyimplementation gaps in South Africa and recommend how these
might be addressed. They include (1) seeking ways to better
understand grass roots level barriers and enablers for AGYW
accessing and taking up services and (2) undertaking qualitative
research with specific groups of adolescents and role-players
themselves. In a review of determinants of AGYW pregnancy in
SSA, specific SRH gaps in the health sector included
contraceptive costs, health workers capability in delivering SRH,
long waiting times, inadequate patient privacy at clinics, lack of
comprehensive SRH education and youth friendly services
(Yakubu and Salisu, 2018).
Limitations and strengths
We acknowledge three main limitations in the study. Firstly, the
self-reported measures of current pregnancies and sexual
behaviours have inherent response, recall and social desirability
biases. Female participants might have provided what they
perceived to be favourable responses rather than the reality.
Secondly, the cross-sectional survey design limits the ability to
infer causality between the outcome and explanatory variables.
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Thirdly, unaccounted factors might contribute to observed
differences in current pregnancies by the explanatory variables.
Hence to achieve the aim of the study we restricted our analyses
to descriptive statistics. Despite these limitations we note overall
HIV prevalence trends among pregnant women show similarities
with other studies, suggesting that the survey data do provide
reliable and consistent estimates. In addition, the data gives a
nationally representative picture across time. To our knowledge
this a novel description of pregnant women over time with sociobehavioural variables related to HIV transmission risk from large,
repeated surveys.
5. Conclusion
Our findings from analysing self-reported pregnancies from four
national HIV prevalence surveys in South Africa found that HIV
prevalence among currently pregnant women is still relatively
high and has not declined since 2008. Current pregnancies were
more common among women aged 15-35 years, with secondary
school education as their highest educational attainment and
those who were unemployed, as well as among those practising
risky sexual behaviours, such as lack of condom use at last sex
and multiple sexual partners. Sexual and reproductive health
advocacy should also be extended to improve knowledge of HIV
prevention and PMTCT strategies in pregnant women through
community mobilization interventions to reach women who may
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not necessarily present at health facilities for care. Community
mobilization interventions can be designed in consultation with
local role players and implemented through partnerships with
non-governmental organisations.
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Abstract
More boys than girls are typically born; however, women live
longer than men. As a result, most societies experience a
crossover point where the number of women in society
surpasses the number of men. This crossover point provides
valuable information on how gender proportions in a society
change in relation to mortality patterns and marital behaviour.
The evolution of the crossover point has recently been studied
in different countries across the world except in Africa. The
objective of this study is to examine the crossover point in South
Africa between 1904 and 2011. Due to the lack of availability of
long-term mortality tables by race, the study applies descriptive
analysis from data collected from censuses. Unlike other
countries, the findings suggest that South Africa has a low
crossover point and a decreasing trend throughout the
twentieth century among all race groups. The explanation for
this surprisingly low crossover point can be found in the lower
sex ratios at birth and the higher rates of mortality compared to
other countries. The findings of this study imply a higher
proportion of women in the marriage market, which may have
historically been linked to the low rate of singlehood and the
persistence of polygamous marriages.
Keywords: sex ratio, censuses, mortality, South Africa, race
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1. Introduction
Sex ratios have been used to examine aspects related to
gender, discrimination, demographic change, socio-economic
inequality, work and health dynamics and public safety
(Angrist, 2002; Goldman and Lord, 1983; Smith, Zick, and
Duncan, 1991; Schacht, Tharp, and Smith, 2016). They also
provide a reference for insights into changes in the distribution
of the population in the long term as well as evidence on
gender-related patterns of behaviour and discrimination
(Beltrán Tapia and Gállego-Martínez, 2020; Garenne,
2004; Hollingshaus et al., 2019; Marco-Gracia and Fourie,
2019; Wisser and Vaupel, 2014).
Sex ratio at birth in a large population is heavily skewed in
favour of boys (Beltrán Tapia and Gállego-Martínez, 2020).
This is because males have higher age-specific mortality rates
(ASMRs) in comparison to females, especially during the first
few months of life; thus, the high sex ratio at birth declines
to a sex ratio closer to parity (Wisser and Vaupel, 2014).
This happens because, due to improvements in living
standards and better medical care during childbirth, women
tend to outlive men in most countries (Kontis et al., 2017).
One consequence is that women outnumber men faster in
countries with poor medical services and consequently
higher rates of male mortality (Vaupel, Manton, and
Stallard, 1979).
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The sex ratio crossover (SRX) is essentially an aggregation of sex
ratios at different stages of life which is used as a tool to
compare societies over time and space (Catalano, Yorifuji, and
Kawachi, 2013; Spoorenberg, 2016). Only a few studies have
used the SRX. In a recent study, Hollingshaus et al. (2019)
proposed the SRX, which is the age at which women outnumber
men, as a new way of measuring demographic change across
time and between countries. This measure captures the age at
which the number of females are higher than the number of
males for each cohort studied. Hollingshaus et al. (2019)
measured the crossover point for seven countries on five
continents. However, no African country was included in their
analysis. Thus, the novelty of this study is the inclusion of an
African country in the analysis. The second contribution of this
study is to discuss the SRX and its implications.
The main aim of the study is to examine the SRX in South Africa
between 1904 and 2011. In order to do so, in this study the
original methodology is adapted to the available sources. The
aim is to add South Africa, as an example of an African country,
to the international literature on SRXs. The South African case is
particularly interesting given that this region has some
peculiarities that may condition the evolution of sex ratios such
as low sex ratios at birth and high infant and child mortality (in
comparison to other areas). The study also aims to illuminate
how the evolution of the sex ratio may inform and even
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influence other social, demographic and cultural practices, such
as the age at which women marry, bridewealth payments,
household formation, gender roles, polygamy, and infant
mortality.
The SRX influences how the population is distributed by marital
status and age at marriage. In a context of monogamous
marriages, the marriage market is conditioned by the sex ratio.
A high surplus of single women or men of marriageable age
could lead to a large number of them remaining unmarried
(Utell, 2009). Thus, in countries around the world with a strong
historical preference for boys, with excess mortality of girls,
findings suggest that the rate of singleness of men has been
consistently higher than that of women (Beltrán Tapia and
Gállego-Martínez, 2020; Marco-Gracia, 2017). In addition, high
rates of singleness are associated with high rates of frustration
among those who expected to have been successful in the
marriage market (Ayankeye, 2013; Donnelly et al., 2001). In the
South African context, it should be noted that an excess of
women in some groups could be mitigated by the historical
existence of polygamous marriage (for more on polygamy in
South Africa see the 1911 and 1921 censuses, and Anderson,
2000). However, this would not affect all race and ethnic groups
in all periods.
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The SRX serves as an indicator of the gender distribution of a
society. A society with a very low SRX would be associated with
an excess of single women. A SRX close to the age of marriage
would be associated with a balanced marriage market and low
rates of singleness and a high SRX would be associated with an
excess of men (Beltrán Tapia and Gállego-Martínez, 2020). This
is interesting in the South African context, which has some of the
lowest crossover points and historically low rates of nonmarriage among Black and Coloured people (see distribution by
marital status in the aforementioned censuses; Budlender,
Chobokoane, and Simelane, 2004; Marco-Gracia and Fourie,
2021). It should be noted that the SRX is an imperfect indicator.
However, as a single measure, it offers valuable insight into the
marriage market and age at marriage of a society.
The SRX also provides information on how the marriage market
functions. Although it is necessary to take into account the age
component and generational growth of the population, in places
with low SRXs (women outnumbering men at a young age) it is
easier to sustain a polygamous marriage market, which is a
distinct characteristic of most sub-Saharan African countries. A
high SRX would imply a higher number of men than women,
which could steadily increase male bachelorhood rates. Thus,
among Black South Africans where polygamy existed, one would
expect relatively low SRXs to favour social and marital balance.
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In relation to the marriage market, the SRX may have an impact
on household formation. In a society with significant gender
imbalances (high or low sex ratios), people with higher socioeconomic status are generally more likely to marry, while those
less likely to access the marriage market could be subject to
involuntary bachelorhood or spinsterhood. This is especially
important in the case of brideprice or bridewealth. In the context
of a shortage of women (high SRXs), the brideprice could rise,
which entails that those individuals with fewer resources will
remain bachelors, while in a context of a low SRX, the system
would allow for almost universal marriage. However, this would
depend on the elasticity of bridewealth in each place (Posel and
Rudwick 2014). In short, SRXs may provide valuable clues about
the marriage market in South Africa, especially compared to
other countries, and could be a useful proxy in analyses where
other marriage market information is not available.
Finally, SRXs can also provide health-related information. SRXs
are related to gender-related mortality. On the one hand, SRXs
only change at young ages in societies with high mortality rates,
or if the majority of the deceased are of the same gender for
some reason. It can therefore be assumed that groups in which
SRXs are low had high mortality rates and had not yet reached
the modern demographic transition. On the other hand, and
more interesting for the South African context, mortality
patterns by gender offer insights about the gender preferences
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of a group or society. In historical societies with a clear
preference for boys, excess mortality of girls can easily be
observed (Beltrán Tapia and Gállego-Martínez, 2020). If we find
unusually high SRXs, for example, this would be an indication
that we are observing a society with a strong preference for
boys, which would have generated an excess mortality of girls at
early ages and difficulties in reaching the SRX until advanced
ages. On the contrary, a low SRX (in relation to those obtained in
other countries) would show us an excess of mortality of boys at
early ages, and could indirectly indicate a certain preference for
girls or, at least, a lack of preference, so that the biological
advantage of girls at birth would have been decisive in the
subsequent SRX.
In addition, the evolution of SRXs could have implications for
educational attainment, the age at which women marry,
bridewealth payments, household formation, gender roles,
polygamy, infant mortality and a host of other health-related
outcomes (Catalano, Yorifuji, and Kawachi, 2013; Hollingshaus et
al., 2019; Spoorenberg, 2016). Africa is known to have a
particularly low sex ratio during early childhood (Garenne, 2004;
James, 1984; Visaria, 1967). Marco-Gracia and Fourie (2021)
show that the sex ratio of Black children between age 0 and 5
years in South Africa recorded the lowest ever estimates during
much of the twentieth century.
56

Southern African Journal of Demography
Volume 22 (1), June 2022

2. Data and methods
Hollingshaus et al. (2019) based their analyses on life tables
developed in the Human Mortality Database and available data
on sex ratios at birth. However, in the South African case; and
many other countries in sub-Saharan Africa, there are no highquality life tables for the long-term. There is also limited
information about the sex ratio at birth, notably for the Black
population. For this reason, this study has adapted the previous
methodology and replaced the mortality tables with the
information contained in censuses; one published census of the
Cape Colony published in 1904 and eleven published censuses of
South Africa as a whole (1911, 1921, 1935, 1945, 1951, 1960,
1970, 1980, 1991, 2001, and 2011)1. These published censuses
are the main source of data for this research. These sources
allow us to know, albeit imperfectly, the distribution of the South
African population by sex, race and age up to the second half of
the nineteenth century.
For the intermediate years between censuses, population
interpolations by gender have been carried out considering the
evolution of sex ratios by age. Obviously, interpolation creates
some problems in data quality and credibility. For example, it
1

Data were extracted from published paper censuses (section on population
distribution by gender, race and age) held in the library of Stellenbosch
University.
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generates a margin of error in the results. It is apparent that this
methodology is useful in situating and comparing the South
African context with that of other countries around the world.
From the Cape Colony of 1904 we can follow cohorts born in the
mid-nineteenth century in which the number of women had not
yet exceeded that of men. The final census is 2011. We can thus
calculate the sex ratio for cohorts of South Africans over more
than a century.
South Africa was chosen for two distinct reasons. Firstly, the
available sources allow the researchers to analyse the cohorts
since the mid-nineteenth century, a period comparable from
existing data by Hollingshaus et al. (2019). Secondly, South Africa
has several ‘racial groups’ and comparing the crossover point
between these diverse groups within a country aids in
understanding the reasons for the differences. The analysis was
limited to people classified as ‘Black’, ‘Coloured’ or ‘White’.
Those classified as Indians/Asians were too small a sample
during the period of study to be included.
Undoubtedly, most of the South African historical censuses have
significant quality problems (Christopher, 2002; Christopher,
2011). One of the major shortcomings is that several of the
earlier censuses do not include all regions that are part of
modern-day South Africa. These areas were densely inhabited
by Black South Africans, with the result that there is often
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significant undercounting. Moreover, the quality of the censuses
varies from one to another. For example, the 1970 census is
considered to be of good quality, but the 1980 and 1991 census
are considered to be of lower quality, especially in the case of
the Black population (Moultrie and Timᴂus, 2003). We,
however, have no evidence that the available census data are
gender biased. While census under-registration is a concern for
estimates of population size, it is unlikely that these regions
would have had a significantly different sex ratio than the Black
sex ratio calculated in other regions of South Africa (MarcoGracia and Fourie, 2021). We can thus assume that our estimates
are a close approximation of reality. Therefore, despite these
problems, South African censuses can be used to plot trends
over time.
In relation to working with censuses, the migration of
international male workers (mainly Africans) could be
conditioning the SRX we obtain, especially for Black males in
adulthood since South Africa received a high volume of male
immigrants from nearby countries (Camlin, Snow, and
Hosegood, 2014). On the one hand, we cannot control for
immigration trends, given the poor quality of the available data.
Most SRXs of Black South Africans are below the age of 20 years
and from the age of 10 years onwards. Males and females had
very close numbers, so possibly immigrants may have slightly
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reduced the SRX. Given that previous age trends confirmed that
the cut-off point was close, this is not a serious concern.
The innovative methodology; proposed by Hollingshaus et al.
(2019) is used in this study to calculate the SRX. This study
calculates the age in which the number of women in a
generation outnumbered the number of men in a particular race
over time. To do this, basic descriptive statistics are used. It is
therefore a quantitative study whose study sample is the
population of South Africa distributed by sex, age and race
according to census data. Calculations of sex ratios for a society
as a whole only involves comparing the number of males with
the number of females. In addition, one can control for other
factors such as age or race to obtain results that are more
accurate.
As a starting point, this study considers the distribution of males
and females according to the sex ratios at birth calculated by the
World Bank at country level for the year 1962, the first year for
which there is information. From this point using the sex ratio at
birth as a reference and for checking the consistency of the data,
the age at which the number of females outnumbered the
number of males for each race is calculated.2 This is a very simple
calculation but it provides us with useful information. The SRXs
2

We have used the same Microsoft Excel spreadsheets that are associated with the referenced
article (Hollingshaus et al., 2019). A copy of our files can be requested from the authors (for a
more in-depth description of the simple tables see Hollingshaus et al., 2019).
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are calculated in two ways; by periods and by cohorts. In the case
of periods, each census is taken as a distinct period and the SRX
is calculated. Therefore, information provided in each census is
used without making any modifications to it. In the case of
cohorts, the same birth cohort in each census is used by
following its age distribution. To add data between censuses,
interpolation is executed as explained above. In addition, the
results allow comparisons to be made with results obtained for
other countries.
Due to the low sex ratios at birth and, in the first years, the high
mortality of boys and later high mortality of girls for Black South
Africans, there is a high variation in sex ratios during the first 10
years. As a consequence of this variation, we choose to compute
the SRX point only after the first 10 years of life. To further
reduce the effect of variation, particularly in the small samples
of Coloured South Africans, we also use a stricter criterion by
only considering the point when the number of women have
surpassed men for at least three years. As an example, if from 10
years the number of women exceeds that of men, we consider
the SRX at the age of 10; if, by contrast, there are never three
years in a row with more women than men, we limit the study
to 100 years and establish that age as the SRX.
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3. Results
3.1 Basic sex ratios information
Evolution of the sex-ratios by race in South Africa
We use the sex ratio to calculate the SRX, the point at which the
number of women in society exceeds the number of men. To do
so, we first analyse the evolution of sex ratios by race and age.
We take the year 2011 as reference. Figure 1 reports this
evolution in one graph, the sex ratio curve (Hollingshaus et al.,
2019; Keyfitz and Caswell, 2005).
Figure 1: Evolution of the sex ratios by age and race, South
Africa 2011

Source: Statistics South Africa (2011), own calculation.
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The findings indicate that the sex ratio for children under one
year of all races is greater than 100; that is, more boys were born
than girls. This was an expected result and is consistent across
time and for all regions. Yet a second, striking finding is the large
differences by race. While White South Africans have the highest
sex ratios at birth, above 105, Black and Coloured South Africans
have sex ratios closer to 100. One reason mooted for this
difference is genetic differences (Visaria, 1967; James, 1984;
Garenne, 2004), although in an unequal setting like South Africa,
past and present, there is no doubt that the environment; the
quality of nutrition in utero and medical services for example,
play an important role (Morse and Luke, 2021).
We then observe a slow but inexorable fall in the sex ratio for all
race groups until around sixty. From that point until the most
advanced ages, the fall in the sex ratio occurs much faster. This
is the result of the longer life expectancy of women, which also
gives rise to the much greater number of widows than widowers
in society.
A third finding is that the sex ratio begins to fall earlier in the
case of Black South Africans, beginning a rapid decline already in
their late fifties. By contrast, White South Africans sex ratios only
begin to fall by their late sixties. The longer life expectancy of
White versus Black South Africans helps to explain this
difference.
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Absolute and cumulative difference in mortality rates
Differences in the sex ratio over time is the result of differentials
in mortality by gender. As we observed in Figure 2, mortality
among men is higher than mortality among women in most of
the life cycle, from the first hours of life to 65 years. The same
can be observed in the rest of the world in the twentieth and
twenty-first century (Hollingshaus et al., 2019; Wisser and
Vaupel, 2014). Mortality in South Africa is high. This excess of
mortality in South Africa, notably for Black South Africans,
affects particularly young women (Anderson and Ray, 2010). This
is true for much of Africa. Around the ages of 20 to 30 years,
more women than men die on the continent. The reasons for
this are manifold which include poor medical services during
childbirth, poor nutrition, and the high incidence of diseases
such as HIV/AIDS, and tuberculosis (TB), notably in southern and
central Africa (Anderson and Ray, 2010). Of course, the excess
mortality of women due to problems in childbirth has been a
common problem before the medical improvements of the
twentieth century (Lindahl-Jacobsen et al., 2013). However, in
many parts of sub-Saharan Africa these improvements have not
yet reached everyone (Statistics South Africa, 2011).
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Figure 2: Evolution of mortality rate (per 1,000 individuals) by
age and sex, South Africa 2011

Note: We have used data from the 2011 census as it is the latest available. In
South Africa until recently there have been problems in recording mortality
(approximately 80% of infant and 90% of adult mortality), with variations by
sex, race and gender. However, by taking the entire population of the country
as a whole (millions of observations) we believe that the results obtained can
approximate the actual results.

Source: Statistics South Africa (2011), own calculation.
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If there are no significant in- or out-migration, differentials in
gender mortality will be the only factor to affect the sex ratio
over time. If mortality of men is higher, then the sex ratio will
decline over time; where women have higher mortality rates,
the sex ratio will increase. In South Africa mortality rates for men
and women vary at different times in the life cycle, analysing the
cumulative difference in mortality rates provides us with the
SRXs.
Sex ratio crossover rate(s)
The SRX is the point at which the number of women exceeds the
number of men. As explained earlier, this typically happens
because of a higher mortality of men in later life; one of the ‘laws
of mortality’ (Gage and Mode, 1993). Another way of stating the
SRX, therefore, is that it indicates the point at which the excess
birth of boys is compensated by the higher mortality of men,
balancing the sexes for that generation. That is, if 105 boys are
born for every 100 girls, the SRX tells us the time (age) in which
those five extra boys have died. This age varies according to the
economic, social and geographic conditions in a region at a
specific point in time, which compared over time and across
countries (Hollingshaus et al., 2019; Vespa et al., 2018).
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Figure 3 shows the cumulative difference in mortality rates in
South Africa in 2011. If we do not differentiate by race, the
results show that it was at 13 years when the number of women
exceeded the number of men. The reasons for this low age are,
again, a consequence of the low sex ratios at birth for most of
the population and the high mortality rates of men.
Figure 3: Absolute differences in mortality rates (DMR; MalesFemales), South Africa 2011

Source: Statistics South Africa (2011), own calculation.
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In addition, as we have explained above, sub-Saharan Africa had
a high fertile-age mortality of women. As a consequence,
sometimes we find two SRXs. For example, for the year 2011
there is thus a point where men overtake women again, around
24 years old, and then, because of higher female mortality
during later years, a second SRX around the 40 years.
In the rest of this article, we only consider the first SRX, although
occasionally there may be more than one SRX, and we will do so
for several reasons. Firstly, the pattern documented above
differs substantially by race, as it is mostly valid for Black South
Africans. Secondly, the pattern only holds in more recent years
as the decline of early male mortality has been stymied by
improvements in nutrition, medical improvements, access to
public health and other factors, like safety in mines. Thirdly, we
are interested in finding that point so that we can compare it
with previous studies for other countries and place South Africa
in the international context. In these comparisons, we should
use the same criteria as the reference articles. Finally, this initial
SRX brings us closer to the patterns of mortality in childhood (the
highest before old age) and allows us to approximate the
differences in survival by gender and race, and above all to know
how it evolves over time. They help us to approach
discriminatory behaviour by gender, which is so common in
historical societies and, in some cases, in current societies.
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For most of the twentieth century, South Africa only has one
SRX, even though female mortality during childbearing age has
always been higher than men. It thus makes no sense to analyse
a second SRX over time or across region, as there would be no
comparison groups. In any case, we should be aware that the
South African data (because of the problems of bias, migration
and mortality patterns by gender), and the imperfect censusbased methodology used means that sometimes there is more
than one SRX. In this case, as we have said, we use the first SRX,
which is also the one least affected by international migration of
the African male population.
3.2 Temporal patterns in SRXs by race
Period analysis
Table 1 shows the descriptive statistics for the full period of
analysis (1904-2011). For Black and Coloured South Africans, the
minimum SRX is 10 years of age and maximums of 59 and 64
years respectively. White South Africans have a minimum of 17
years and a much higher maximum in comparison, of 82. As
mentioned before, the variation in their SRXs is large.

69

Southern African Journal of Demography
Volume 22 (1), June 2022

Table 1: Descriptive statistics for period SRXs
Race

Cohorts with
crossover

Min

Max

Black

1904-2011

10

59

Coloured

1904-2011

10

64

Median Mean
47
36.6
10
16.1

White

1904-2011

17

82

39

40.1

Standard
deviation
21.1
16.0
18.7

Source: 1911, 1921, 1935, 1945, 1951, 1960, 1970, 1980, 1991,
2001, and 2011 South African censuses and 1904 Cape Colony
census, own calculation.
Figure 4 reports the period derived SRXs for South Africans by
race. In general, SRXs decline. The striking result is the very low
SRXs for Coloured South Africans during the entire period.
Except for 1970, Black South Africans’ SRXs range between 40
years and 60 years. The SRX falls significantly at the beginning of
the twenty-first century, though, to 10 and 13 for the 2001 and
2011 respectively. A second interesting result is the
intermediate ages obtained for White South Africans for much
of the twentieth century. White South Africans see three periods
of a very low SRX: in 1921, 1960 and 2001 and beyond. The first
may be a consequence of the First World War and, perhaps more
importantly, the devastating Spanish Flu of 1918 (de Kadt et al.
2021). The second may be a consequence of the Second World
War and the Baby Boom era that followed. It is unclear what the
reason for the collapse in the last two decades might be.
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Figure 4: SRXs by race using period method

Source: 1911, 1921, 1935, 1945, 1951, 1960, 1970, 1980, 1991,
2001, and 2011 South African censuses and 1904 Cape Colony
census, own calculation.
In Figure 5, the South African SRX rates are compared to the
countries available in the Human Mortality Database (Human
Mortality Database, 2019), the same countries analysed by
Hollingshaus et al. (2019). The first observation is that, bar a few
outliers, South African SRXs across all races are lower than its
peers in other parts of the world. In Figure 5, Italy has the highest
SRXs during the earlier period. We know that southern European
countries attained very high sex ratios between 0 and 4 years
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(Beltrán Tapia and Gállego-Martínez, 2020). Conversely,
Coloured South Africans attained very low sex ratios between 0
and 4 (Marco-Gracia and Fourie, 2021) and, consequently, have
a low SRX. This suggests a connection between mortality by
gender at young ages and SRXs. An exception to this rule could
be the case of Black South Africans, with low sex ratios between
0 and 4 years but relatively high SRXs. To investigate this further,
we extend the analysis to other Southern African countries with
low sex ratios between 0 and 4 years.
Figure 5: SRXs international comparison (South Africa and
other countries around the world) using period method

Note: Note that we are using different data for the South African case and the
other countries to make an imperfect comparison.

Source: 1911, 1921, 1935, 1945, 1951, 1960, 1970, 1980, 1991,
2001, and 2011 South African censuses and Human Mortality
Database (2019 version), own calculation.
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Comparing the Black South African SRXs with some other
available Southern African censuses we find an SRX of 17 in the
Northern Rhodesian census of 1963, 16 in Malawian census of
1977, 18 in the Southern Rhodesian census of 1969 and 13 in the
Namibian census of 1991. These SRXs are lower than those of
Black South Africans and similar to what is found for Coloured
South Africans.
Cohort analyses
As we explained previously, we extracted cohorts from
population censuses, taking into account sex ratios, and
interpolating the results for the intermediate years. This
technique includes a margin of error, but offers consistent
results in the long-term that, as we will see, provide useful
insights into the evolution of the SRX over time. As in the
previous case, the age at which in each cohort the number of
women exceeded the number of men is taken as SRX point. The
technique used is the same for all race groups in South Africa.
Table 2 reports the SRXs using the cohort method. If we only
account for minimum and maximum values, the results for all
races show great variation. In fact, the most extreme case is that
of Coloured South Africans. Among them, we find a cohort in
which girls outnumber boys from infancy (SRXs=10) and another
cohort in which women do not outnumber men until very late in
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life (SRX=100). The variation for Black South Africans is much
lower, of course, given their size, having a minimum of 10 years
and a maximum of 78 years of age. Black South Africans also had
the lowest standard deviation of 22.4. Yet even for White and
Coloured South Africans, with much smaller population sizes,
the trends are clear and consistent (standard deviation of 22.5
and 30.6, respectively). Table 2 therefore serves as a summary
of trends in SRXs by cohort in South Africa.
Table 2. Descriptive statistics for cohort SRXs
Race

Cohorts with
crossover

Max

Mean

Standard
deviation

Min

Black

1840-1989

Colored

1840-1989

10

78

31.1

22.4

10

100

33.6

30.6

White

1840-1989

10

88

46.7

22.5

Source: 1911, 1921, 1935, 1945, 1951, 1960, 1970, 1980, 1991,
2001, and 2011 South African censuses and 1904 Cape Colony
census, own calculations.
We analyse cohorts from 1840. Across all race groups, there are
more men than women until 1989. Where no SRXs are calculated
between two censuses, we have assigned the value 10
automatically. In the event that the number of men exceeds that
of women up to 100 years, we assign the value 100. Although
not perfect, this method provides an interesting although
imperfect approximation of the South African case.
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Figure 6 shows the evolution of SRXs by cohorts. We do not mix
cohorts, therefore these SRXs are less dispersed than those in
Figure 4 and show precise trends. Across all race groups, there is
a decline in SRXs from the mid-nineteenth century to the present
day, although this is more pronounced for White South Africans
than Black South Africans. The case of these two groups is
especially interesting, given that White South Africans are the
ones with the highest data quality – a consequence of
segregation and apartheid-era registrations – and Black South
Africans are the majority group – which means they have the
lowest standard deviation. The South African results contrast the
results obtained for the rest of the world where, in general, a
stagnant trend was maintained around 40 to 60 years since the
end of the nineteenth century.
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Figure 6: SRXs by race using cohort methods

Source: 1911, 1921, 1935, 1945, 1951, 1960, 1970, 1980, 1991,
2001, and 2011 South African censuses and 1904 Cape Colony
census, own calculations
4. Discussion
The aim of this study is to examine the crossover point in South
Africa between 1904 and 2011. The results suggest interesting
peculiarities unique to the sub-Saharan region. Unfortunately,
we do not have any long-term mortality tables by race, which
would allow a more accurate calculation of the SRX. We
overcome this by using approximations from the available
censuses. We show that these SRXs can be imperfectly
computed using standard census data, either using a period or a
cohort method. While the cohort method requires some
interpolation, it provides an annual SRX that allow for the
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plotting of long-run trends. The cohort method also allows one
to go back in time; we use, for example, the 1904 Cape Colony
census to say something about the SRX of those born in the
1840s.
Across all race groups (with minor differences and limitations
associated with the data for each race), South Africa seems to
exhibit a trend different to other parts of the world. In fact, this
study found two important trends; first, a lower general level of
the SRX and, second, a declining trend across all four race
groups. This contrasts to a stable general trend globally. The
explanation for the first phenomenon is unknown and difficult
to articulate. This study argues that this trend could be based on
a combination of lower sex ratios at birth (especially, in the case
of Black and Coloured South Africans, see Marco-Gracia and
Fourie, 2021), and a higher male mortality rate, especially in
places of poor economic conditions (Bruckner, Catalano, and
Ahern, 2010; James, 2015). The explanation for the second could
possibly be found in changing preferences for children
(Bongaarts, 2013). Due to the fall in fertility over the last few
decades, even in the developing world, gender preferences may
have lost importance (Morgan, 2003). We note that the
exceptional nature of our South African example should be
compared against other countries on the continent, especially if
sufficient censuses are available for a cohort study.
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The results of this study suggest that the SRX could be a valuable
indicator of the accumulated difference in mortality between
men and women. Life expectancy and health improvements
continuing to increase at a global level for both men and women,
resulting in only small reductions in accumulated mortality over
time (Tuljapurkar et al., 2000), trends on SRXs do not seem to be
modified to a great extent (Medford, 2017; Oeppen and Vaupel,
2002). Yet the South African case is an outlier to these general
trends; an excess of mortality in women of childbearing age,
possibly linked to the consequences of poor maternal health, the
HIV/AIDS epidemic, TB and malaria. In some periods, the study
also finds low SRXs. This could be the consequence of higher
mortality of boys earlier in life; in fact, boys are born weaker (due
to the different growth strategy of boys and girls in the womb)
and are more likely to die early in life. Low sex ratios between 0
and 4 years, as these ratios are universal in all Southern African
countries (Marco-Gracia and Fourie, 2021).
The approach used in this study, which incorporates a rich set of
historical South African censuses, is only a first step in calculating
the SRX for South Africa. Future research, using better and more
varied data and different analytical approaches, will deepen our
understanding of the causes and consequences of sex ratios. For
example, incorporating migratory patterns by gender could help
to explain movements in the SRX (Rogers, 1995; Rogers, Little,
and Raymer, 2010). The SRX may also offer methodological
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opportunities in other domains of demographic research
because it complements other demographic indicators, like life
expectancy (Canudas-Romo, 2010). It may, for example, prove
useful in statistical epidemiological models. More
interdisciplinary work is needed to uncover these and other
possible uses of the SRX.
The results obtained have both historical and, to a lesser extent,
policy implications for the understanding of the behaviour of
historical and current African societies. At the national level, the
results obtained provide no indication of discrimination against
girls as is often the case in other parts of the world (Beltrán Tapia
and Gállego-Martínez, 2020). These patterns of nondiscrimination of girls could have had implications for society. As
confirmed by other research, women in African societies have
been able to play historical roles (such as passing on their
surnames in some ethnic groups or managing the family
economy) that were not always possible in all societies of the
past, especially in parts of Europe and Asia (Akyeampong and
Fofack, 2014).
Low SRXs also have implications for the historical marriage
market. One possibility is that low SRXs are related to a more
balanced number of men and women in the marriage market.
This is especially true if the SRX is reached between the ages of
15 and 30 years. Such low SRXs may therefore help to explain
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the low historical singleness rate in Sub-Saharan Africa. In
addition, a greater number of women than men may have
favoured polygamy in some contexts, although this is still a
matter of debate. Furthermore, the inelasticity of bridewealth
(Posel and Rudwick, 2014) may explain why bridewealth prices
did not fluctuate excessively with SRXs, although specific
locations and periods would need to be studied.
These historic trends have clear implications for studying South
African society today. Low SRXs remain a feature of South
African society. That is likely to partially condition the marriage
market in a new context of high levels of cohabitation and outof-wedlock childbearing. Such low ratios could also be linked to
high miscarriage rates in sub-Saharan Africa (Morse and Luke,
2021) and, therefore, the need for greater surveillance of the
pregnancy process and the health of adult women. To
understand the implications of the low SRXs for the South
African marriage market and other social and cultural
institutions, more in-depth research is needed.
At the global level, our results differ markedly from those
obtained for western countries. Calculating SRXs only for those
countries with high-quality mortality data may risk introducing
biases in existing estimates and theories. The results for South
Africa are only a small sample but they invite us to discover other
historical realities and their relationship with the evolution of
demographic variables.
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5. Conclusion
Despite limitations in data and methodology, the innovative
approach used in this study has allowed us to calculate the sex
ratio crossover points in South Africa. The results provide the
first estimates of the historical evolution of SRXs for an African
country. We find a general trend towards low SRXs in South
Africa and, in contrast to other countries, a decreasing trend
over time across all race groups. The explanation for this low
crossover points could be found in the lower sex ratios at birth
and the higher rates of mortality compared to other countries.
The trend is likely to change in future given the improvements in
public health and the reduction in mortality. It would be
interesting to continue paying attention to the evolution of SRXs
in the next census because improvements in health should
favour a process of mortality compensation by gender. We
would expect higher SRXs in future.
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Abstract
Studies suggest that children who remain in the household while their
mothers are cooking are at risk of acute lower respiratory infections
(ALRIs) due to smoke and polluting solid fuel. The objective of this
study is to determine the effects of household sources of cooking
material on ALRIs among children under five years. Using data from
the combined 2010 and 2014 Eswatini Multiple Indicator Cluster
Surveys (EMICS) (N=4020), the findings indicate that the overall
prevalence of ALRIs was 11.1% among children in households that
used biomass in comparison to 10.1% among those that used nonbiomass fuel for cooking. The multivariable logistic regression model
showed no significant association between the source of cooking fuel
and ALRIs. However, in the Bayesian networks model, the relationship
between the source of cooking material and ALRIs operated through
intervening variables, region and place of residence. Among the
control variables, age of the child, children who have had diarrhea,
maternal age and education level, source of drinking water, place of
residence, and region of residence were associated with ALRIs. This
study indicated that household cooking fuel was not directly
associated with ALRIs among children, instead, operated through
region and place of residence (intervening variables) to influence the
odds of ALRIs among children under five years in Eswatini. Therefore,
programmes should continue to alleviate the use of biomass material
for cooking in households and pay attention to the confounders
reported in this study.
Keywords: cooking material, acute lower respiratory infections, underfive children, residence characteristics, Eswatini.
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1. Introduction
There has been remarkable progress in accessing cleaner energy
sources over the years; however, approximately 3 billion people
worldwide still use traditional biomass for cooking and lighting
(Stoner et al., 2021). The use of solid fuels (such as wood, dung,
crop residues, coal, and charcoal) and kerosene have a severe
negative impact, particularly on women and children's health
(Rahut, Behera, and Ali, 2016). In developing countries, primarily
in Asia and Sub-Saharan Africa (SSA), almost 2.7 billion people
use wood and several solid fuels for cooking and lighting
(International Energy Agency, 2016). Indoor air pollution (IAP)
from incomplete combustion of solid fuel such as coal, charcoal,
animal dung, wood, and crop residuals is evident mainly in SSA
(International Energy Agency, 2016; World Health Organization,
2014). Combustion of biomass fuels mainly occur in developing
countries in poorly ventilated kitchens which leads to increased
levels of several health-damaging pollutants such as particulate
matter, carbon monoxide, nitrogen oxides, formaldehyde,
benzene, butadiene, polycyclic aromatic hydrocarbons, sulphur
oxides, polycyclic organic matter, including carcinogens, and
many other toxic compounds (Bruce, Perez-Padilla, and Albalak
2000; Larson and Rosen, 2002).
Research suggests that air pollution results in an increased risk
of respiratory infection and aggravates diseases like cardio
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cerebral vascular disease, cardiac ischemia, obstructive
pulmonary disease (COPD), stroke, eye disease, tuberculosis,
and lung cancer (Faustini et al., 2013; Fullerton, Bruce and
Gordon, 2008; Jiang, Mei, and Feng, 2016; Laden et al., 2006;
Tibuakuu et al., 2018). In 2016, approximately 3.8 million (8%) of
global premature deaths were associated with household air
pollution (HAP). Of these, 739 000 of deaths occurred in the
African region, 1.5 million in Southeast Asia, 1.2 million in the
Western Pacific region, 212 000 in the Eastern Mediterranean
region, 82 000 in the United States of America and 52 000 in
Europe (World Health Organization, 2018a).
Women and children are disproportionately affected by IAP due
to prevailing gender roles in African countries, resulting in them
spending more time in the kitchen (Bickton et al., 2020; Muyanja
et al., 2017). In developing countries in 2016 approximately 4.3
million people died as a result of IAP from cooking fuel and
approximately 10% were children under five years of age (Owili
et al., 2017). Several studies found that children who are
affected by IAP are more likely to have intrauterine growth
restriction, preterm birth, acute lower respiratory infections
(ALRIs), and low birth weight (Backes et al., 2013; Bickton et al.,
2020). Among the diseases attributed to IAP, ALRIs have been
cited as one of the major causes of death among children under
five years (Accinelli, Leon-Abarca, and Gozal, 2017; Goodarzi et
al., 2021). ALRIs is accompanied by a cough and short, rapid
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breathing (Mirji, Shashank, and Shrikant, 2016; Pham et al.,
2020). It is caused by a viral infection of the respiratory tract
leading to breathing difficulties, fatigue, wheezing, pain when
swallowing, fever, cough, nasal discharge, and sputum
production (Banda et al., 2016). Of the 97% of ALRIs cases that
occur in developing countries, 70% were in South Asia and SSA
(United Nations Children’s Fund, 2016). A multi-country analysis
of the burden of ALRIs in 2016 revealed estimates of 35.2% in
Lesotho, 34.5% in Zambia, 30.4% in Kenya, 28.5% in Nigeria,
26.5% in both Malawi and Mozambique, 11.5% in Zimbabwe and
9.8% Eswatini in 2014 (Central Statistical Office and UNICEF,
2016; Seidu et al., 2019).
To achieve the Sustainable Development Goals (SDGs) of
attaining neonatal mortality rates of less than 12 deaths per
1000 live births and child mortality levels of below 25 deaths per
1000 live births by 2030, a multisectoral approach and robust
research should be conducted, especially in SSA where a
significant proportion of children die from preventable diseases
(World Health Organization, 2018b). Even though remarkable
improvement in electrification and access to clean fuels have
been achieved globally, the majority of households in SSA are
classified under the poor wealth quintile and mainly rely on fuels
which cause pollution for cooking and lighting (Gordon et al.,
2014, World Health Organization, 2018c). Access to electricity
across the continent varies. In 2005, Zimbabwe had 66%, Zambia
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81%, South Africa 30%, Namibia 66%, Malawi 93%, Mozambique
94%, Botswana 62%, and Eswatini had 58% of households with
no access to electricity (Backes et al., 2013; World Bank, 2016)
and in Eswatini 35% of households had no electricity in 2014
(Central Statistical Office and UNICEF, 2016). Poor electrification
means about 80% of households in SSA use traditional biomass
for cooking and heating (Smith et al., 2000). Although in 2020,
Eswatini’s electrification rate was 80%, about 40% of the
population still use traditional biomass, such as coal (18%), and
90% of the rural population use energy from firewood for
cooking (Goodarzi et al., 2021; Smith et al., 2000).
Although there is ample evidence of the significant association
between household HAP and ALRIs in other developing countries
(Akinyemi and Morakinyo, 2018; Mahin and Parviz, 2018;
Mondal and Paul, 2020), in Eswatini there is a paucity of
evidence on the effects of HAP and ALRIs among children under
five years. The only evidence that exists is the 2010 and 2014
Eswatini Multiple indicator Cluster Surveys reports. There is a
need to investigate the relationship between households
cooking fuels and ALRIs to inform programmes and policies.
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2. Materials and methods
2.1 Study context
Eswatini is a landlocked country in Southern Africa surrounded
by Mozambique on the east and South Africa on the west,
measuring 17 364 square kilometers, with a population of
approximately 1.1 million, 78% of whom live in rural areas
(Central Statistical Office, 2017; Goodarzi et al., 2021). The
country has an overall population growth rate of 1.8%, a Gross
Domestic Product (GDP) per capita of 2,776 United States Dollars
(USD) and the main drivers of the economy are agriculture and
manufacturing; however, 63% of the population live below the
poverty line (Central Statistical Office, 2018). The literacy rate is
estimated at 87.5%, while unemployment is 28.1%. Some of the
main development challenges for the country includes high
levels of poverty and inequality (Ministry of Health, 2018). The
country has a human development index (HDI) of 0.608 and is
ranked 138 out of 189 countries (Goodarzi et al., 2021).
Electrification improved from 41% in 2007 to 80% in 2020
(Goodarzi et al., 2021). Despite approximately 80% electricity
coverage in the country, about 61% of adults reside in
households where solid fuels or biomass are used for cooking
(Goodarzi et al., 2021). The high use of biomass for cooking is
indicative of extreme poverty and the unaffordability of cleaner
fuels in Eswatini.
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2.2 Study design
This study relied on secondary data analysis of the 2010 and
2014 (EMICS). MICS are cross-sectional surveys conducted in
developing countries to collect and analyze data for monitoring
the situation of children, women, and men. The surveys are
conducted every three to five years to capture rapid changes in
key indicators related to health, education, and development. A
standardized survey tool is used to collect data from a nationally
representative sample of households.
2.3 Sampling
EMICS is a representative survey that collects information on
households, men, women, and children. The sampling frame for
EMICS is drawn from the 2007 Eswatini Population and Housing
Census (Central Statistical Office and UNFPA, 2010). The twostaged sampling algorithm is used, and the systematic sampling
approach is used to sample the enumeration areas (EAs), also
referred to as the primary sampling unit (PSUs). Households are
then selected and stratified by rural and urban areas and the
four regions of Eswatini, namely Manzini, Hhohho, Shiselweni,
and Lubombo. The mothers or caregivers are the respondents
for the child questionnaire.
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For the 2010 EMICS, 5475 households were selected from 345
EAs, and a 95% response rate was achieved. A total of 4956
women aged 15-49 years were selected for the interview, and
the response rate was 94.6%. The selected women in the
households were interviewed on questions related to the health
and development of their children. In the 2010 EMICS,
information was collected for a total of 2647 children aged under
five years. However, for the analysis, a total of 1963 children
under five years were included with complete information on
ALRIs and other characteristics.
In the 2014 EMICS, 5211 households were selected from 347
EAs, and a 97.7% response rate was achieved. A total of 5001
women aged 15-49 years were selected for interview in the
sampled households, and a response rate of 95.2% was
achieved. The women were interviewed on questions related to
the health of their children. In 2014, health information was
collected for a total of 2693 children aged under five years.
However, to increase the sample size and power for inference
(Lesko et al., 2018) the 2010 and 2014 survey datasets were
combined and there were 4020 under-five children included in
the analysis with complete data on ALRIs symptoms and other
characteristics.
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2.4 Study variables
The study outcome variable was symptoms of ALRIs two weeks
before the EMICS was conducted. In this analysis, the child was
considered to have ALRIs symptoms if the mother or caregiver
reported that the child had a cough with rapid breathing or
difficulty breathing, and the symptoms were due to a problem in
the chest or both a problem in the chest and a blocked nose
(Anteneh and Hassen, 2020). The variable was coded as binary,
(1) for those with the symptoms, and (0) for those without any
or all the symptoms.
The main exposure variable was the type of fuel used in the
household for cooking (biomass fuel and non-biomass fuel).
Biomass fuel materials included kerosene/paraffin, coal/lignite,
charcoal, wood, straw/shrubs/grass, and animal dung. Nonbiomass fuel material included electricity, liquefied Petroleum
Gas (LPG), and biogas (Kilabuko and Nakai, 2007).
Several control variables were established in the literature which
are associated with ARIs (Hasan et al., 2019; Mahin and Parviz,
2018; Sanbata, Asfaw and Kumie, 2014). They included child age
in months, child sex, child diarrhea status, maternal education
level, maternal age, parity, marital status, source of water
supply, household access to electricity, type of toilet, floor
material, number of people sleeping per room and household
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wealth index. The household wealth index has been calculated
in the EMICS dataset and was categorized into five quintiles,
namely the poorest, poor, middle, rich, and richest area of
residence, and place of residence (Central Statistical Office and
UNICEF, 2011; Central Statistical Office and UNICEF, 2016).
2.5 Statistical analysis
Descriptive statistics were performed in order to assess the
distribution of the sample and the magnitude of child ALRIs. To
assess the association between the proportions of ALRIs against
the exposure and the control variables, the Pearson’s chi-square
statistics was used. There were no signs of multicollinearity as
no variables had a Variance Inflation Factor (VIF) of above 10
(Akinwande, Gikko, and Agboola, 2015). To measure the
association between biomass fuel use and ALRIs, the bivariable
and multivariable logistic regression was used. The logistic
regression model for a binary outcome is presented as follows:
𝑃

ln(1−𝑃𝑖 )=𝛽0 + 𝛽1𝑋1𝑖 + 𝐵2 𝑋2𝑖 +……+𝛽𝑘 𝑋𝐾𝑖
𝑖

Where ln(

𝑃𝑖
1−𝑃𝑖

) represent the log odds of children having ALRIs

𝑃𝑖 = represented the probability of a child having ALRI;
𝑋1𝑖 , 𝑋2𝑖 ,𝑋𝐾𝑖 represented the study’s explanatory variables;
𝛽0 , 𝛽1…𝐵𝑘 = presented the gradient of the explanatory variables.
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In the bivariable models, the results were reported through
crude odds ratios (CORs) along with the 95% confidence intervals
(CIs). Finally, the results of the multivariable model were
reported through the adjusted odds ratios (AOR) along with the
95% CIs. The reference catergory were chosen based on easier
clinical interpretation of the outcome and the explanatory
variables.
To further understand the pathways of association between the
household type of cooking fuels and ALRIs, an inductive method
referred as the machine learning bootstrap Bayesian networks
(BBN) was applied. The BBN consists of a set of variables X = {X1,
Xn} that characterises a joint probability distribution over the
variables (Cheng, Bell, and Liu, 1998). It entails a network
structure that encodes statements of conditional independence
in the distribution and a set of conditional probability
distributions conforming to that structure (Luo, Zhang, and Wu,
2020). Therefore, a Bayesian bootstrap Network method
consists of n nodes (variables), representing the joint probability
distribution, as follows:
𝑛

𝑃(𝑋) = ∏ 𝑃 (𝑋𝑖 |𝑃𝑎𝑖 )
𝑖=1
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Where 𝑃𝑎𝑖 is the set of parents 𝑋𝑖 in the network structure and
𝑃(𝑋𝑖 |𝑃𝑎𝑖 ) is the local probability distribution related to the node
𝑋𝑖 which depends only on its parents.
The bootstrap estimates provide the strength of each arc
estimated as a frequency over a set of networks learned from
bootstrap samples (Efron, 2012). The BBN model automatically
calculates the strengths of the estimates. The sampling weights
were applied in this analysis to take into account the sampling
variations in the cluster and the complex sampling design of the
EMICSs. Stata 15 and R statistical softwares were used for the
analysis.
2.6 Ethical considerations
The UNICEF team granted permission for the access and use of
the EMICS dataset. The data is anonymized and does not allow
identification of the participants. The data is publicly available
and other authors will be able to access the data using the same
application process. The data can be accessed from
http://mics.unicef.org/surveys.
3. Results
Table 1 displays the descriptive and bivariable results. Of the
total sample of children included in the analysis, about a quarter
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(24.4%) are from households that used non-biomass fuel for
cooking and were stunted (26.3%). One in six (16.8%) reported
to have had diarrhea. Over two-fifths (41.8%) of children were
born to women aged 25-34 years, and 46.4% were born to
mothers with less than three children. Almost three-fifths
(58.9%) of children were born to married women from
households, and 60.5% were residents in households that used
piped water. More than two-thirds (69.1%) of children were
residents in households with a pit toilet, and 52.8% had no
electricity. Eight in ten (79.8%) children were residents in rural
areas. There was an almost equal distribution of children by age
group, maternal education, and region of residence.
The prevalence of ALRIs was 11.1% (95% CI: 9.8, 12.3). There
were no significant difference in the proportion of ALRIs
between households that used biomass and non-biomass fuel
for cooking. There was a significant difference in the proportion
of ALRIs by child diarrhea status (p=0.043). The proportion of
ALRIs were significantly different among children born to
mothers aged less than 25 years, 25-34 years, and 35 years and
above, p=0.043. There was a significant difference in ALRIs
between children born to married women, and those that were
never married and formerly married. Children from households
with no electricity (57.1%) had more symptoms of ALRIs
compared to those from households with electricity (42.9%,
p=0.003). The prevalence of ALRIs was also significantly different
by level of maternal education, floor material, and region of
residence (p<0.05).
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Table 1: Sample distribution and prevalence of ALRIs among underfive children by household type of cooking material and confounders
Variables
Total
Prevalence
Source of cooking
Clean
Biomass
Child age
<6months
6-11 months
12-23 months
24-35 months
36-47 months
48-59 months
Gender
Male
Female
Stunting status
Normal
Stunted
Diarrhea
yes
no
Maternal age
Less than 25
years
25-34 years
35 years and
above
Maternal education
None
Primary
Secondary
High school
Tertiary
Parity
Less than 3
3-4 children
5 and above

Sample
characteristics

Symptoms of ALRIs

n=4020
n (%)

n=424
Yes (%)
11.1 (9.8,12.3)

n=3596
No (%)
89.0 (87.7,90.2)

857 (24.4)
3163 (75.6)

75 (23.7)
349 (76.3)

782 (24.5)
2814 (75.5)

440 (11.4)
431 (10.7)
841 (20.9)
849 (21.5)
737 (17.8)
722 (17.8)

33 (8.5)
48 (12.4)
102 (22.2)
95 (24.6)
81 (18.6)
65 (13.6)

383 (10.5)
739 (20.7)
754 (21.1)
656 (17.7)
657 (18.3)

1947 (48.2)
2073 (51.8)

224 (51.6)
200 (48.4)

1723 (47.8)
1873 (52.2)

2942 (73.7)
1078 (26.3)

305 (72.1)
119 (27.9)

2637 (73.9)
959 (26.1)

679 (16.8)
3341 (83.41)

124 (27.5)
165 (42.0)

1175 (32.7)
1478 (41.8)

1299 (32.1)

124(27.5)

1175 (32.7)

1643 (41.8)
1078 (26.1)

165(42.0)
135(30.5)

1478 (41.8)
943 (25.5)

285 (6.8)
1241 (30.7)
1355 (33.1)
861 (22.1)
278 (7.3)

41 (8.1)
151 (35.7)
127 (27.9)
85 (23.7)
20 (4.6)

244 (6.6)
1090 (30.1)
1228 (33.8)
776 (21.9)
258 (7.7)

1849 (46.4)
1186 (29.0)
985 (24.6)

181 (45.6)
123 (27.6)
120 (26.8)

1668 (46.5)
1063 (29.2)
865 (24.3)

Chi-square test

p-value
0.054

0.106

0.055

0.539

0.043

0.043

0.009

0.138
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Variables
Total

Sample
characteristics
n=4020
n (%)

Marital status
Married
2361 (58.9)
Formerly married
344 (8.7)
Never married
1315 (32.4)
Household wealth index
Poor
2002 (47.6)
Middle
795 (18.8)
Rich
1223 (33.6)
Toilet facility
Flush toilet
508 (13.6)
Pit latrine
2769 (69.1)
No facility, Bush,
743 (17.3)
Field
Source of drinking water
Piped
2300 (60.5)
Protected well
348 (7.7)
Unprotected
907 (21.2)
Surface water
465 (10.7)
Floor material
Improved floor
3676 (91.7)
Poor floor
344 (8.3)
Number of person sleeping per room
<2
2305 (59.3)
3-4
1415 (33.7)
5 and above
300 (7.0)
Household electricity
Yes
1830 (47.2)
No
2190 (52.8)
Area of residence
Rural
3259 (79.8)
Urban
761 (20.2)
Region of residence
Hhohho
949 (24.7)
Manzini
999 (32.5)
Shiselweni
1121 (22.0)
Lubombo
951 (20.8)

Symptoms of ALRIs
n=424
Yes (%)

n=3596
No (%)

254 (58.2)
48 (10.4)
122 (31. 4)

2107 (59.0)
296 (8.5)
1193 (32.5)

224 (50.0)
90 (18.3)
110 (31.7)

1778 (47.3)
705 (18.9)
1113 (33.8)

49 (15.3)
283 (65.1)
92 (19.6)

459 (13.4)
2486 (69.6)
651 (17.0)

226 (57.1)
47 (9.5)
104 (22.7)
47 (10.6)

2074 (60.9)
301 (7.5)
803 (21.0)
418 (10.7)

376 (89.5)
48 (10.5)

3300 (92.0)
296 (8.0)

233 (57.7)
169 (38.2)
22 (4.0)

2072 (59.5)
1246 (33.2)
278 (7.3)

164 (42.9)
260 (57.1)

1666 (47.8)
1930 (52.2)

335 (75.1)
89(24.9)

2924 (80.4)
672 (19.6)

61 (15.4)
126 (39.5)
131 (23.2)
106 (21.9)

888 (25.8)
873 (31.6)
990 (21.9)
845 (20.6)

Chi-square test

p-value
0.037

0.105

0.182

0.145

0.031

0.035

0.003

0.252

<0.001

Significant at p<0.05
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3.1 The prevalence of ALRIs by household type of cooking
material
Figure 1 shows that the prevalence of ALRIs among children in
households that used biomass is 11.1%, while those that resided
in households that used non-biomass material for cooking is
10.7%.
Figure 1: ARIs by the source of cooking fuel in the households
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3.2 Association between biomass fuel use on ALRIs controlling
for other factors
Table 2 shows the unadjusted and adjusted effects of household
cooking fuel material and the control variables on ALRIs among
children aged under five years. In the crude model source of
cooking fuel was not significantly associated with ALRIs. Among
the control variables, child age, child sex, child diarrhea status,
maternal age and education level, source of drinking water,
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number of people sleeping per room, and region of residence
were significantly associated with ALRIs.
In the adjusted model there was no significant association
between the source of cooking fuel in the household and ALRIs.
Among the confounding variables, higher odds of ALRIs were
observed among children aged 36-47 months (AOR=1.47; 95%
CI: 1.02, 2.11) compared to children aged 48-59 months.
Children that were reported to have had diarrhea were 73%
more likely to have had ALRIs, (AOR=1.73, 95% CI: 1.29, 2.33)
compared to those that did not have diarrhea. Compared to
children born to women aged less than 25 years, higher odds of
having ALRIs were observed among children born to women
aged 25-34 years (AOR=1.46, 95% CI: 1.02, 2.09) and 35-49 years
(AOR=1.83, 95% CI: 1.16, 2.88). Higher odds of ALRIs were
observed among children born to women with no formal
education (AOR=3.02, 95% CI: 1.27, 7.15), primary (AOR=2.88,
95% CI: 1.32, 6.30), secondary (AOR=2.07, 95% CI: 1.02, 4.22),
and high school (AOR=2.48, 95% CI: 1.12, 5.48) compared to
those born to women with tertiary education. Children that were
from households that fetched drinking water from a protected
well were 47% more likely to have ALRIs (AOR=1.47, 95% CI:
1.05, 2.07) compared to children from households that used
piped drinking water. Children that were residents in rural areas
were 40% less likely to have ALRIs (AOR=0.60, 95% CI: 0.42, 0.87)
compared to children that resided in urban areas. Compared to
the Hhohho region, higher odds of ALRIs were observed among
children residents in the Manzini, (AOR=2.08, 95% CI: 1.42, 3.05),
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Shiselweni, (AOR=1.64, 95% CI: 1.11, 2.42) and Lubombo
regions, (AOR=1.56, 95% CI: 1.04, 2.35).
Table 2: Effects of source of cooking material on ALRIs among
children under five years
Characteristics
Exposure variable
Source of cooking fuel
Non-biomass
Biomass
Control variables
Child age
<6months
6-11 months
12-23 months
24-35 months
36-47 months
48-59 months
Gender
Male
Female
Stunted
Yes
No
Diarrhea
yes
no
Maternal age
Less than 25 years
25-34
35 years and above
Maternal education level
None
Primary
Secondary
High school
Tertiary
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COR (95%CI)

AOR (95%CI)

1
1.05 (0.74,1.48)

1
1.27 (0.69,2.33)

0.97 (0.61,1.53)
159 (1.01,2.50)*
1.44 (1,03,2.03)*
1.49 (0.97,2.30)
1.50 (1.05,2.15)*
1

1.00 (0.62,1.62)
1.42 (0.89,2.26)
1.33 (0.93,1.91)
1.42 (0.93,2.17)
1.47 (1.02,2.11)*
1

1.41 (1.08,1.85)*
1

1.19 (0.93,1.52)
1

1.10 (0.83,1.46)
1

0.99 (0.75,1.32)
1

1.77 (1.31,2.40)*
1

1.73 (1.29,2.33)*
1

1
1.19 (0.89,1.60)
1.42 (1.06,1.90)*

1
1.46 (1.02,2.09)*
1.83 (1.16,2.88)*

2.06 (1.02,4.16)*
2.00 (1.06,3.79)*
1.39 (0.75,2.57)
1.82 (0.91,3.64)
1

3.02 (1.27,7.15)*
2.88 (1.32,6.30)*
2.07 (1.02,4.22)*
2.48 (1.12,5.48)*
1
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Characteristics
Parity
Less than 3
3-4 children
5 and above
Marital status
Married
Formerly married
Never married
Household wealth index
Poor
Middle
Rich
Toilet facility
Flush toilet
Pit latrine
No facility, Bush, Field
Source of drinking water
Piped
Protected well
Unprotected
Surface water
Floor material
Improved floor
Poor floor
Number of person sleeping per room
<3
3-4
5 and above
Household electricity
Yes
No
Area of residence
Rural
Urban
Region of residence
Hhohho
Manzini
Shiselweni
Lubombo

COR (95%CI)

AOR (95%CI)

1
0.96 (0.72,1.29)
1.12 (0.84,1.50)

1
0.78 (0.55,1.10)
0.69 (0.46,1.03)

1
1.24 (0.85,1.80)
0.98 (,0.71,1.35)

1
1.05 (0.73,1.51)
0.99 (0.67,1.45)

1.12 (0.84,1.51)
1.03 (0.70,1.51)
1

0.86 (0.49,1.50)
0.94 (0.53,1.64)
1

1
0.82 (0.49,1.40)
1.02 (0.59,1.76)

1
0.64 (0.35,1.17)
0.70 (0.36,1.34)

1
1.42 (1.05,1.92)*
1.22 (0.91,1.65)
1.12 (0.75,1.66)

1
1.47 (1.05,2.07)*
1.21 (0.85,1.71)
1.13 (0.72,1.77)

1
1.36 (0.95,1.95)

1
1.20 (0.83,1.74)

1
1.19 (0.94,1.50)
0.57 (0.33,0.96)*

1
1.23 (0.97,1.57)
0.60 (0.36,1.01)

1
1.22 (0.94,1.58)

1
1.32 (0.89,1.95)

0.73 (0.53,1.02)
1

0.60 (0.42,0.87)*
1

1
2.09 (1.42,3.08)*
1.77 (1.22,2.58)*
1.78 (1.19,2.65)*

1
2.08 (1.42,3.05)*
1.64 (1.11,2.42)*
1.56 (1.04,2.35)*

Notes: *significant at p<0.05, COR-Crude odds ratio; AOR-adjusted odds ratio, n-sample observations,
Multivariable logistic model fit statistic (χ 2) =0.2046, all analysis weighted. 1=reference catergories choosen
based on easier clinical interpretation of the outcome and the explanaotory variables
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3.3 Source of cooking fuel and ALRIs through a Bayesian
Networks method
To further understand the effects of the households source of
cooking fuel on ALRIs, the Bootstrap Bayesian network model
was used. The results show that there was no direct association
between the type of cooking fuel material and child ALRIs, but
the relationship operated through intervening variables which
are the region of residence and place of residence. The
relationship of source of cooking fuel is shown through the arcs,
that resembles the strength of the probabilistic relationships and
use model averaging to build a network containing only the
significant arcs. Figure 2 shows a strong probability of the
association between place of residence (0.994) and region of
residence (0.874) and eventually influencing the odds of ALRIs
through the two interventing variables (0.38).
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Figure 2: A path analysis for understanding the effects of source
of cooking fuel and the control variables on ALRIs

Notes: ALRIs= Acute lower respiratory infections; source of cooking fuel=
Household type of cooking fuel; HH wealth=Household wealth index; marital
status =maternal marital status; the number of sleeping rooms=household
number of sleeping rooms; Electricity=Household electricity; floor=Household
floor material; child age=child age; stunting=child stunting status;
parity=parity; water source=main source of drinking water; maternal
age=maternal age; region of residence=region of residence; place of
residence=place of residence; had diarrhea=child diarrhea status; toilet
facility=type of toilet facility and child sex.
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4. Discussion
The objective of this study was to determine the effects of
household sources of cooking material on ALRIs among children
under five years. This study found that the prevalence of ALRIs is
1.2% higher than that reported in the 2014 EMICS (9.8%)
(Central Statistical Office and UNICEF, 2016). The prevalence of
ALRIs among children is almost equal to that of Cameroon and
Zimbabwe (11.5%), and lower than that reported in Kenya
(30.4%), Lesotho (35.2%), Mozambique (26.5%), and Zambia
(34.2%) (Seidu et al., 2019). The monitoring of illnesses, including
ALRIs, is in line with the SDGs, especially goal number three
which is to end preventable diseases and deaths of children
under-five by the year 2030 and reduce child mortality to be
below 25 deaths per 1000 live births (World Health Organization,
2018a). This study found that the majority of the households
used biomass for cooking. The results of this study are in line
with literature which suggest that developing countries rely on
solid fuels for cooking and lighting (Akinyemi and Morakinyo,
2018; World Health Organization, 2018b). The effects of
household air pollution on child ALRIs have been documented in
the literature (Khan et al., 2017; World Health Organization,
2018c). In developing countries, including Eswatini, children
spend a significant amount of time in the household hence
experience maximum exposure to household air pollution
(World Health Organization, 2018c). To achieve the SDGs by
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2030, especially goal number seven, which aims to ensure
universal access to affordable, reliable, and modern energy
services for all, more efforts and programs should be
spearheaded to improve access to clean household cooking fuels
(UN General Assembly, 2015). Eswatini is classified as a middleincome country with a GDP per capita of US$ 2,776, and about
78% of the population live in rural areas, with 54.1% of the
population aged 15–35 years and living below the poverty line of
US$1.90 per day (Central Statistical Office, 2017; Central
Statistical Office, 2018). Poverty could be one of the possible
explanations of why the majority of households use biomass for
cooking and lighting.
In both the unadjusted and adjusted models, household cooking
material was not associated with ALRIs among children in
Eswatini. The findings, therefore, could not confirm the evidence
in other studies which observed that household source of
cooking material is associated with ALRIs (Akinyemi and
Morakinyo, 2018; Naz, Page, and Agho, 2017). Such findings
were not expected especially in the majority of the households
using solid fuel for cooking and lighting (Central Statistical Office
and UNICEF, 2016). However, a further investigation of the study
results through the bootstrap Bayesian networks method
showed that the relationship between household cooking
material and ALRIs works through intervening variables which
are region and place of residence.
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Among the control variables, the findings revealed that children
aged 36-47 months were more likely to suffer from ALRIs when
compared to those aged 48-59 months, consistent with other
studies (Imran et al., 2019; Sultana et al., 2019). The study results
found that children that had diarrhea before the survey were
nearly two times more likely to suffer from ALRIs. The findings of
this study are in line with studies done in Bangladesh (Rahman,
2014) and Ethiopia (Mena, 2020). Concomitant illnesses such as
diarrhea often weakens the immune system and increases the
vulnerability of children to diseases such as ALRIs.
Children born to women aged 25 years and older were more
likely to suffer from ALRIs relative to those born to women who
are younger than 25 years. The reason for this is that young
women are more likely to practice good health-seeking behavior
as found in Bangladesh (Sultana et al., 2019) and Uganda
(Rutebemberwa et al., 2009). Contrary, the evidence from the
literature is that children born to women below the age of 25
years tend to have negative child health outcomes compared to
those born to women aged 25-34 years (Finlay, Özaltin, and
Canning, 2011; Kembo and Ginneken, 2009; Wemakor et al.,
2018). The deviations of this finding from the literature warrant
further investigation.
The study findings showed increased odds of having symptoms
of ALRIs among children born to mothers with a lower than
112

Southern African Journal of Demography
Volume 22 (1), June 2022

tertiary education level. Educated mothers are more likely to
practice improved child care and hygiene practices that help to
prevent diseases, including ALRIs. Educated women practice
better health-seeking behavior and are more likely to have
better income and socio-economic status, which improves child
health (Güneş, 2015).
Consistent with previous literature (Hasan et al., 2019), the
findings show that higher odds of ALRIs among children from
households that fetch water for drinking from a protected well.
Similar to the literature, this study found that children who were
residents in rural areas were less likely to have ALRIs relative to
those residents in urban areas (Hulin, Caillaud, and AnnesiMaesano, 2010). An evaluation of air quality in Rwanda and the
United States showed that air quality improves as the area of
residents becomes less urban (Nahayo et al., 2019; Strosnider et
al., 2017). The urban environment has greater levels of manmade air pollution from factories, combustion of car engines,
and biomass (Nahayo et al., 2019).
Consistent with previous studies (Akinyemi and Morakinyo,
2018; Mena, 2020), the results of this study revealed a significant
variation of ALRIs across the administrative regions. Being a
resident of the Manzini, Shiselweni, and Lubombo regions had
higher odds of ALRIs among children under five years when
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compared to the Hhohho region. The Hhohho region is the most
developed compared to the other regions.
The study used national data that allow the generalization of the
findings to under-five children in Eswatini. The application of
survey weights could be regarded as a strength for the study as
it further takes into consideration the survey complex sampling.
However, the results of the study should be interpreted with
caution. It is based on cross-sectional data. Therefore, causality
cannot be established in this study. The outcome of interest
(ALRIs) was self-response from the mother or caregiver, which
can result in misclassification of children on the ALRIs symptoms.
5. Conclusion
This study indicated that household source of cooking fuel was
not directly associated with child ALRIs but was directly
associated with region and place of residence (intervening
variables) to influence the risk of ALRIs among children under
five years. Therefore, programs that address the problem of
ALRIs among children should target not only household cooking
material but also the place and region of residence. Combating
ALRIs should also target children less than 48 months that had
diarrhea, born to women aged 25 and older, with lower than
tertiary education level, from a household that did not have pipe
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water, from rural areas, and Manzini, Shiselweni, and Lubombo
region.
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Abstract
This paper draws on a population-representative Quality of Life
Survey conducted biennially by the Gauteng City-Region
Observatory to explore changes in socio-economic
characteristics of formal and informal workers in Gauteng, South
Africa. The most recent datasets are used to better understand
the changes and differences between formal and informal
workers’ outcomes in the context of the COVID-19 pandemic and
preceding period. While both sectors are negatively impacted by
socio-economic shocks, the results show that respondents in the
informal sector are disproportionately affected relative to those
in the formal sector and the ability to recover is unevenly
distributed. During the COVID-19 pandemic, a number of
containment measures resulted in job loss and reduced working
hours and salaries in both the formal and informal sectors. The
effects of these measures have disproportionately affected Black
Africans, females, and least educated respondents in both
employment sectors, but particularly those in the informal
sector. The results suggest important implications for regional
and national level policy development, and highlights the need
for solutions geared towards addressing the pre-existing
challenges and outcomes of the pandemic to reconfigure the
South African economy and labour market in inclusive ways.
Keywords: Labour force participation, formal sector, informal
sector, socio-economic characteristics, COVID-19, change
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1. Introduction
Over the past two decades, post-apartheid South Africa has seen
an increase in labour force participation of previously
disadvantaged groups including Black Africans and females
(Bhorat, 2004; Ntuli and Wittenburg, 2013). However, even
though more people are participating in the labour force,
unemployment is still high. This is because the increasing
demand for employment outstrips available jobs in the formal
economy, resulting in high unemployment rates. Faced with high
rates of unemployment, millions of people find work in the
informal economy. The informal economy is defined as “all
economic activities by workers and economic units that are – in
law or in practice – not covered or insufficiently covered by
formal arrangements” (ILO, 2015: 4). The formal economy then
refers to all work in registered enterprises with more than five
employees and workers who are covered by formal
arrangements. While it is difficult to measure the size of the
informal economy, Rogan and Skinner (2018) show that in South
Africa, there are over 2.4 million people in the sector between
2014 and 2015. In the first quarter of 2018, the South African
informal economy employed approximately 4.9 million people
(SALGA, 2018). The South African unemployment rate in the final
quarter of 2021 was recorded at 35.3% (Stats SA, 2021a) with
the country continuing to experience a decline in the number of
employed persons.
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Research shows that South Africa is one of the most unequal
countries worldwide and the primary driver of this is access to
formal sector employment (Leibbrandt et al., 2010; Ranchhod
and Daniels, 2021). Various scholars argue that the pace of the
country’s economic growth has been unable to provide enough
jobs in the formal sector (Ranchhod, 2010; Ntuli and Wittenberg,
2013; Leibbrandt et al., 2010; Mosomi, 2019). Black Africans,
females and the youth predominantly work in the informal
sector as a result of lack of employment opportunities in the
formal sector. Workers in the informal sector are open to
exploitation in terms of wages and working hours as they are not
protected by South African labour laws (Leibbrandt et al., 2010;
Alam, 2012). Given that the formal sector is skills-intensive,
research suggests that those who fail to find jobs turn to the
informal sector to make a living (Burger and Fourie, 2019).
The long-standing inequality patterns of labour force
participation in the formal and informal sectors have been
exacerbated by the COVID-19 pandemic. For instance, over 600
000 jobs were lost during the stringent lockdown level five
(second quarter) to level three (third quarter) in Gauteng
(Ndaba, 2020). This is a shift from a recorded 5.1 million people
in employment prior to the COVID-19 outbreak to 4.5 million
amid the virus outbreak (Ibid). Thus, understanding the
dynamics in the labour market is crucial to explore how formal
and informal workers in Gauteng are adapting and evolving in
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response to COVID-19. We chose this study context because the
province serves as the economic hub of the country and
generates a third of the country’s Gross Domestic Product (GDP),
which offers the ability to understand the socio-economic
opportunities and vulnerabilities of residents. We focus on the
changing dynamics of the labour market because Gauteng was
one of the provinces which were severely impacted by the
COVID-19 outbreak. Maree et al. (2021) found that 11% of all
respondents in Gauteng lost a job since March 2020.
Unsurprisingly, job losses during the pandemic affected already
disadvantaged groups such as females, Black Africans, youth,
and least educated people (Jain et al., 2020; Ranchhod and
Daniels, 2021; Spaul et al., 2020; Maree et al., 2021).
For that reason, the aim of the study is to explore changes in
socio-economic characteristics of formal and informal sector
workers in Gauteng since 2017/18 using the Gauteng CityRegion Observatory’s (GCRO) Quality of Life (QoL) survey. The
study uses the latest datasets (2017/18 and 2020/21) of the QoL
survey to document differences in socio-economic outcomes of
formal and informal workers during the COVID-19 pandemic and
preceding period. The study has important implications for
regional and national level policy development for the formal
and informal sectors. It also suggests ways to support workers
who are adversely affected by COVID-19.
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2. Literature review
The South African labour market displays unequal labour force
participation trends by race, gender and age (Ranchhod, 2010).
Leibbrandt et al. (2010) argues that the labour force is
experiencing an increase in the participation of Black Africans. In
comparison to other race groups, the participation of Black
Africans in the labour force remained the lowest in 2008 but has
increased substantially since 1993 (Ranchhod, 2010). In addition,
literature also shows high representation of Black Africans in the
informal sector, where in 2008 the proportion of Black Africans
in the informal sector was 33%, the highest among all race
groups (Leibbrandt et al., 2010).
Institutional changes at the end of apartheid also facilitated the
dramatic increase in female participation in the South African
labour force since the mid-1990s, although males’ participation
remained higher (Burger and Woolard, 2005; Ntuli and
Wittenburg, 2013; Mosomi, 2019). The ability of females to
participate in the labour force is largely affected by unpaid
household work such as domestic chores and care work (Floro
and Komatsu, 2011; Leibbrandt et al., 2010; Ranchhod, 2010).
There are variations in socio-economic characteristics of both
formal and informal sector workers. Factors such as
demographics, education levels and income are often used to
understand differences in socio-economic characteristics of
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formal and informal sector workers. Non-Black Africans and
males are over-represented in the formal sector while the
informal sector largely employs Black Africans and females
(Rogan and Skinner, 2018). In addition, informal sector workers
generally have low levels of education relative to formal sector
workers. Literature also suggests that informal sector workers
earn low incomes relative to formal workers (Alam, 2012; Rogan
and Skinner, 2018; WIEGO, 2018).
The COVID-19 pandemic has devastating socio-economic effects
on labour markets across the world (Spaul et al., 2020). Lee,
Schmidt‑Klau and Verick (2020) suggest that the pandemic is
resulting in large scale disruptions in the labour market which
disproportionately affects individuals with some segments of the
labour market becoming particularly vulnerable. Various studies
conducted show long-term trends of labour force participation
being exacerbated during the COVID-19 pandemic, with
devastating socio-economic effects on the labour force (Jain et
al., 2020; Lee, Schmidt‑Klau and Verick, 2020; Rogan and
Skinner, 2020; Spaul et al., 2020; Espi, Leibbrandt and Ranchhod,
2021). For instance, the striking gender gap noted in the preCOVID-19 period is exacerbated on a global scale in the
pandemic period where females are disproportionately affected
relative to males (Lee, Schmidt‑Klau and Verick, 2020). Black
Africans in South Africa are also disproportionately affected by
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COVID-19 and related containment measures relative to nonAfricans (Jain et al., 2020).
Evidence from various studies conducted during the COVID-19
context shows that the informal sector has been
disproportionately affected, relative to the formal sector (ILO,
2020; Rogan and Skinner, 2020). Using data from National
Income Dynamics Study (NIDS)-Coronavirus Rapid Mobile Survey
(CRAM) survey, Rogan and Skinner (2020:1) show that informal
workers were “locked out of employment” during the
implementation of containment measures since March 2020 in
South Africa. The authors show that 31% of informal workers
were locked out of their employment as compared to 26% of
formal workers. In addition, informal workers’ earnings and
working hours were also significantly reduced between February
and April 2020. Studies on the effects of the pandemic on the
informal sector in other contexts show similar patterns of
workers not being able to work during the hard lockdown and as
a result, their earnings were reduced (Komin et al., 2021; Lee,
Schmidt‑Klau and Verick, 2020). The following section presents
data used and the methodology adopted to achieve the
objective of this study, which is to document changes in socioeconomic characteristics of formal and informal workers in
Gauteng during the COVID-19 pandemic and preceding period.
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3. Data and methodology
3.1 Setting
Situated in the northern part of South Africa, Gauteng is the
smallest in physical size, accounting just over 18 000 km 2 of the
country’s total area, with the largest population of
approximately 15, 8 million people (Stats SA, 2021b). Gauteng is
largely an urban province, consisting of three metropolitan
municipalities (Ekurhuleni, Johannesburg and Tshwane), as well
as two district municipalities (Sedibeng and West Rand)
subdivided into six local municipalities (Emfuleni, Lesedi,
Midvaal, Merafong, Mogale City and Rand West).
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Figure 1: Map of Gauteng Province and its municipalities

Source: Hamann (2021)
The province remains the centre of attraction and is the most
popular destination for migrants from other parts of the country
and the world, in search of better socio-economic opportunities
(Geyer and Thoka, 2019). However, the latest results of
Quarterly Labour Force Survey (QLFS) show that the number of
employed people in Gauteng decreased by 200 000 persons
from 4.6 million in the second quarter to 4.4 million in the third
quarter (Stats SA, 2021a). In addition, the formal sector
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experienced more jobs losses, compared to the informal sector
which gained over 31 000 jobs in the third quarter of 2021.
Overall, Gauteng’s unemployment rate increased to 37% in the
third quarter, from 35.4% in the second quarter of QLFS (Stats
SA, 2021a).
3.2 Data source
This paper draws from a population-representative QoL survey,
which is broadly comparable over time and serves as a tracking
tool that allows government and policy makers to monitor
progress and areas of concern in the Gauteng province. Since
2009, the QoL survey is conducted every two years by GCRO in
Gauteng through partnerships with the provincial and local
governments, and academic institutions. Respondents are
randomly selected from all residential dwelling units across all
529 wards in the province, and data collection involves face-toface interviews with respondents aged 18 years and older. For
the purpose of this paper, the 2017/18 and 2020/21 survey
iterations are used as the main datasets guiding the narrative
and analysis. QoL 2017/18 was conducted between October
2017 and September 2018, with a sample size of 24 889
respondents from all wards in Gauteng. QoL 2020/21 was
conducted between October 2020 and May 2021, after the initial
stringent lockdown period, and during the second peak of
COVID-19 infections in December 2020/January 2021 (de Kadt et
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al., 2021). The final sample size for QoL 2020/21 is 13 616, which
is smaller than the QoL 2017/18 sample. This time period (20172021) allows us to assess where changes in responses have
coincided with the outbreak of the pandemic, and where there
is continuity in trends pre-dating COVID-19.
3.3 Survey design
While the QoL survey is collected from different samples of the
same population in Gauteng, its methodology has remained
consistent, as it has the core questionnaire content, and the data
is cross-sectionally comparable and allows for monitoring of
changes in socio-economic characteristics over time. A stratified
random sampling approach was used in both surveys, and the
sample design has used wards as the primary sampling units to
cover all 529 wards within Gauteng in the final datasets (Hamann
and de Kadt, 2021). Within each ward, interviews were clustered
within randomly sampled Enumeration Areas (EAs). Within these
EAs, visiting points (VPs) were randomly selected from all
residential dwelling units using GeoTerraImage land use dataset.
These VPs were used by fieldworkers to locate households
selected to participate voluntarily. Data collected underwent
quality control to ensure confidence in the results whilst also
protecting the implementation and finalisation of data
collection. In addition, the weighting process was conducted
after datasets were finalised to bring the final sample sizes into
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alignment with population group and sex distribution at the
ward, municipal and provincial levels. The findings presented in
this paper have been calculated using the weighted datasets and
can therefore be considered broadly representative of the adult
population in Gauteng.
3.4 Analytical sample
In this study, we look at the changes in socio-economic
characteristics of formal and informal workers since 2017/18.
There have been considerable debates about the appropriate
definitions of formal and informal workers (Muller, 2003), and
the challenges involved in capturing information of those selfemployed when employment sector was not specified. In the
QoL survey, the employment status question has been asked
differently over the years, making it difficult to discern which
workers are employed in the formal or informal sectors, without
self-employment. However, from our analysis, we exclude all
respondents who reported being self-employed because
currently, we cannot make any crude distinctions on whether
the ‘self-employed’ respondents are in the formal or informal
sector, particularly in QoL 2017/18 survey as a result of how the
question was asked. In the context of the study, we define
informal sector workers as people who work in enterprises that
are unregistered for value-added tax (VAT) and engaged in
activities that “in law or practice are not covered or insufficiently
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covered by formal arrangements” (ILO, 2015: 4). Formal sector
workers are those who work in registered enterprises with more
than five employees and are covered by formal arrangements.
For that reason, our analytical sample includes only the
respondents who reported being employed in the formal or
informal sectors and not self-employed, regardless of how the
question was asked in 2017/18 and 2020/21.
Overall, the analytical sample of respondents in QoL 2017/18 is
8544 employed respondents, whilst QoL 2020/21 has 3743
employed respondents. However, due to the data collection
system error, the number of employed people in QoL 2020/21
was missing six records, leaving the analytical sample of 3737
respondents. Due to QoL 2020/21 survey being conducted
between October 2020 and May 2021 amid the COVID-19
outbreak, this timeframe allowed for a set of questions to be
asked related to how the pandemic may have affected workers’
socio-economic characteristics.
3.5 Selection of variables reported
While the QoL survey has been conducted since 2009, the
questionnaire has undergone a number of developments over
the years. However, the consistency of core set of questions
across the survey iterations provides an understanding of
change over time, allows for tracking of progress where made,
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and highlight where concerns remain. Below we present the
descriptions of the dependent, socio-demographic and
explanatory variables reported in this paper, and these are in
line with previous literature (Western and Tomaszewki, 2016).
Dependent variable: The dependent variable used in our analysis
is derived from the question that asks about employment
status/sector. As explained previously, this question was asked
differently in 2017/18 and 2020/21, however, it does give us an
indication of the employment sector in which the respondent is
employed. See Table 1 for a brief description of the dependent
variable.
Table 1: Description of the dependent variable
Survey
iteration
2017/18

Questions

Categories/Recodes

Level

What is your
employment status?

Individual

2020/21

Do you work in the
formal or informal
sector?

1. Employed in formal sector
2. Employed in informal sector
3. Self-employeda
1. Formal sector
2. Informal sector

Individual

a

Self-employed respondents were excluded from our analysis because we
cannot make any crude distinctions on whether the ‘self-employed’
respondents in 2017/18 are in the formal or informal sector.

Socio-demographic variables: These variables are included in our
analysis to help us make better sense of our study sample and
are presented in Table 2. These questions, together with the
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categories were administered and/or recoded similarly in
2017/18 and 2020/21.
Table 2: Description of socio-demographic variables
Variables
Age
Sex
Population
group
Dwelling
type
Migration
status

Educationa

Incomeb

Household
size

Questions
How old are you?
What is the sex of the
respondent?
To which population
group does the
respondent belong?
Which type of dwelling
does this household
occupy?
In which province or
country were you born?

Categories/Recodes
Number, limited from 18 to 115
1. Male
2. Female
1. Black African
2. Non-Black African

Level
Individual
Individual

1. Formal
2. Informal
3. Other
1. Born in Gauteng
2. Born in another province
3. Born in another country

Household

What is the highest level
of education you have
completed?
What is the total
amount of money
brought into the
household per month by
all household members?
How many people,
including you, live in this
household?
Please include babies
and children.

1. <Matric
2. Matric
3. Tertiary
1. R1-R3200
2. R3 201 and more

Individual

1. 1
2. 2-4
3. 5+

Household

Individual

Individual

Household

a

Respondents who did not specify or mention any education level were
excluded for this specific analysis.
b
Respondents who did not mention any household income and those who
preferred not to answer were excluded for this specific analysis.
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Explanatory variables: Socio-economic variables such as income,
access to medical aid, employment, food and housing are good
indicators to investigate people’s material living conditions and
their socio-economic status (Western and Tomaszewski, 2016).
For that reason, to explore the socio-economic outcomes of
respondents employed in the formal and informal sectors since
2017/18, Table 3 shows the selected explanatory variables that
affect people’s objective wellbeing. These variables were crosstabulated with the dependent variable that asks the
respondent’s employment sector.
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Table 3: Description of explanatory variables
Variables
Purpose of
frequent tripa

Questions
What is the purpose of the trip you
make most often?

Transport
expenditureb

Approximately, how much do you
personally spend in total every
month for transport?

Household
adult hunger

Respondent or any other adult in
this household skipped a meal
because there was not enough
money to buy food?
Has there ever been a time when
there was not enough money to
feed the children?
How much does this household
spend in total on food per month?

Household
child hungerc
Household
food
expenditured

Have a debt

Do you have a debt?

Missed debt
repayment
Satisfaction
with working
conditions

Have you missed a debt
repayment?
On the whole, how satisfied are
you with your working
conditions?

Access to
medical aide

Are you covered by any form of
medical aid?

Categories/Recodes
1. To go to work
2. Shopping
3. Other purpose
1. R0
2. R1 – R250
3. R251 - R1000
4. R1001 and more
1. Yes
0. No

Level
Individual

1. Yes
0. No

Household

1. R0 – R500
2. R501 – R1000
3. R1001 – R2000
4. R2001 – R4000
5. R4000 and more
1. Yes
0. No
1. Yes
0. No
1. Satisfied (very
satisfied + satisfied)
2. Neither
3. Dissatisfied (very
dissatisfied +
dissatisfied)
1. Yes
0. No

Household

Individual

Household

Individual
Individual
Individual

Individual

a

Respondents who reported not making any trips were excluded for this specific analysis.
Respondents who did not know how much they spend for transport monthly were excluded for this specific
analysis.
c Respondents who reported no children in the household were excluded for this specific analysis.
d Respondents who did not know how much is spent on food in the household every month were excluded for
this specific analysis.
e We excluded from our analysis all respondents who reported ‘Other’ because in 2020/21, respondents were
not given an option to choose ‘Other’ but were given in 2017/18.
b
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For the 2020/21 iteration, the QoL survey introduced
substantive new content related to COVID-19, which allow us to
gain insights into the economic outcomes of the pandemic. From
these questions, we reflect on four questions introduced in the
survey in early 2020 as part of attempt to understand the impact
of COVID-19 in Gauteng. These questions are not comparable to
the previous iterations of the survey, and included yes/no
options and asked respondents whether, since March 2020, i)
they had lost a job, ii) they closed a business permanently, iii)
they had their salaries or working hours reduced, and iv) had
they spent more time than usual looking after children or other
family members. In the results section, we combined responses
of respondents who answered questions on losing a job or
closing a business because they are closely relatable for analysis.
3.6 Statistical analysis
Data analysis was carried out using IBM SPSS Statistics 27
package. Descriptive statistics were performed using crosstabs
and frequencies to compare socio-economic dynamics between
formal and informal workers since 2017/18, and we illustrate the
findings using tables and figures.
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3.7 Data limitations
From the dataset, we cannot directly measure if the COVID-19
pandemic has had an impact on some of the outcomes observed;
however, the findings may provide some insight into the
observed changes. Respondents who reported being employed
during data collection were asked several employment status
questions. These questions can be compared cross-sectionally
but have been asked differently over the years. The 2017/18
dataset can tell us how many people are employed in the formal
sector, informal sector and self-employed respectively.
However, it cannot tell us how many in total are in the formal or
informal sector, with or without self-employment. The 2020/21
dataset can tell us how many respondents are in the formal
sector or informal sector and from these sectors how many have
self-employment. This limitation led to excluding all respondents
who reported self-employment from both iterations of the
survey.

3.8 Ethical considerations
QoL surveys 2017/18 and 2020/21 were conducted with the
approval from the Gauteng Provincial Government Office of the
Premier and Board Members from the GCRO. However, ethical
clearance for the QoL 2020/21 survey was applied for and
received from the University of the Witwatersrand Non-Medical
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Human Research Ethics Committee (H19/11/09) in early 2020.
Anonymity and confidentiality were maintained throughout
both iterations of QoL survey through de-identification of
respondents’ personal data such as names, households’ Global
Positioning System (GPS) coordinates and contact details.
4. Findings
4.1 Socio-demographic characteristics of study samples
Table 4 presents the socio-demographic characteristics of the
study sample, aggregated by employed respondents and pvalues. The final sample of employed respondents in 2017/18 is
8544 (34.3%) and 3737 (27.5%) respondents in 2020/21. The
mean age has remained the same at 39 years since 2017/18. In
terms of sex and population group distributions, male and Black
African respondents constitute higher percentages of employed
people, even though their percentages have slightly decreased
in 2020/21. Since 2017/18, the percentage of respondents who
occupy formal dwelling is remarkably higher and continues to
increase, estimated at over 80%. In terms of educational
attainment, the percentage of employed respondents with
tertiary education is higher compared to other educational levels
but has decreased since 2017/18. Similarly, for income, the
majority of respondents come from households with a monthly
income of R3201 and more. Respondents from households with
two to four people constitute a higher percentage compared to
those with one or five or more (5+). Overall, most of the sociodemographic variables presented varied significantly by
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population group, dwelling type, migration status, education,
and monthly household income.
Table 4: Study sample characteristics of employed respondents
in 2017/18 and 2020/21
Overall
Mean age
Sex
Female
Male
Population group
Black African
Non-Black African
Dwelling type
Formal
Informal
Other
Migration status
Born in Gauteng
Born in another province
Born in another country
Education*
<Matric
Matric
Tertiary
Monthly household income*
R1-R3200
R3201 and more
Household size
1
2-4
5+

2017/18
N (%)
p-value
8544 (34.3)
39 (18 – 88)
<0.001
0.942
3377 (39.5)
5167 (60.5)
<0.001
6677 (78.1)
1867 (21.9)
<0.001
7103 (83.1)
1142 (13.4)
299 (3.5)
<0.001
4387 (51.3)
3296 (38.6)
861 (10.1)
<0.001
2369 (28.1)
2482 (29.5)
3564 (42.4)
<0.001
1489 (29.0)
3648 (71.0)
0.022
2381 (32.8)
4601 (58.9)
1562 (18.3)

2020/21
N (%)
p-value
3737 (27.5)
39 (18 – 84)
0.235
0.158
1580 (42.3)
2157 (57.7)
<0.001
2841 (76.0)
896 (24.0)
<0.001
3217 (86.1)
488 (13.1)
32 (0.8)
<0.001
1889 (50.5)
1474 (39.4)
374 (10.1)
<0.001
1065 (28.6)
1213 (32.7)
1436 (38.7)
<0.001
861 (31.8)
1843 (68.2)
0.753
839 (22.4)
2054 (55.0)
844 (22.6)

* Unspecified responses not included in the analysis.
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4.2 Summary of socio-demographic characteristics by
employment sector
The distribution of socio-demographic characteristics by
employment sector and survey iterations (2017/18 and
2020/21) is presented in Table 5. Female respondents constitute
a smaller percentage of employed respondents in both sectors.
Since 2017/18, over 80% of respondents in the informal sector
are Black African, but the proportion of non-Black African
respondents in the informal sector has increased by 5.3
percentage points in 2020/21. Most of the respondents who
occupy formal dwellings are in the formal sector. Over half of
respondents in the formal sector are born in Gauteng, compared
to less than half of those in the informal sector.
More respondents in the formal sector reported having a tertiary
education, compared to the informal sector where more
respondents reported that they had no matric. Similarly, for
income, more respondents in the formal sector have an income
of R3201 and more, compared to the informal sector where
more respondents reported household monthly income of R1 –
R3200. However, the percentage gap between households with
monthly income of R1 – R3200 and R3201 and more is not
significant for respondents in the informal sector, compared to
those in the formal sector.
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Table 5: Study sample characteristics of employed respondents
by employment sector, 2017/18 and 2020/21
Characteristics

Overall employed
Sex
Female
Male
Population group
Black African
Non-Black African
Dwelling type
Formal
Informal
Other
Migration status
Born in Gauteng
Born in another province
Born in another country
Education*
<Matric
Matric
Tertiary
Monthly household
income*
R1-R3200
R3 201 and more
Household size
1
2-4
5+

Formal
N (%)
2017/18
6472 (75.7)

2020/21
2808 (75.1)

Informal
N (%)
2017/18
2020/21
2072 (24.3)
929 (24.9)

2559 (39.5)
3913 (60.5)

1206 (43.0)
1602 (57.0)

818 (39.5)
1254 (60.5)

474 (40.3)
555 (59.7)

4828 (70.0)
1644 (30.0)

2061 (73.4)
747 (26.6)

1849 (89.2)
223 (10.8)

780 (83.9)
149 (16.1)

5626 (87.0)
636 (9.8)
210 (3.2)

2498 (89.0)
287 (10.2)
23 (0.8)

1477 (71.3)
506 (24.4)
89 (4.3)

719 (77.4)
201 (21.6)
9 (1.0)

3499 (54.1)
2480 (38.3)
493 (7.6)

1454 (51.8)
1144 (40.7)
210 (7.5)

888 (42.8)
816 (39.4)
368 (17.8)

435 (46.8)
330 (35.6)
164 (17.6)

1342 (21.0)
1818 (28.5)
3218 (50.5)

615 (22.0)
930 (33.3)
1247 (44.7)

1027 (50.4)
664 (32.6)
346 (17.0)

450 (48.0)
283 (30.7)
189 (20.5)

747 (20.0)
2997 (80.0)

506 (24.8)
1536 (75.2)

742 (53.3)
651 (46.7)

355 (53.6)
307 (46.4)

1752 (27.1)
3587 (55.4)
1133 (17.5)

594 (21.1)
1582 (56.4)
632 (22.5)

629 (30.4)
1014 (48.9)
429 (20.7)

245 (26.4)
472 (50.8)
212 (22.8)

* Unspecified responses not included in the table.

4.3 Socio-economic dynamics between 2017/18 and 2020/21
The characteristics between 2017/18 and 2020/21 have the
potential to provide a valuable indication of changes in socioeconomic status and the relative impacts of COVID-19 on
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workers in both sectors. Table 6 shows changes in socioeconomic characteristics of formal and informal sectors’ workers
since 2017/18. Surprisingly in 2020/21, trips to work remains the
most common reason for respondent’s journey, comprising
four-fifth of respondents in the formal sector and over half of
respondents in the informal sector. This may be due to data
collection for QoL 2020/21 being conducted during lockdown
level one in South Africa and at this time, people had returned
back to work whilst others were still working from home.
However, compared to 2017/18, there has been a significant
increase in the percentage of respondents going to work in the
informal sector. In 2020/21 there has also been an increase in
the percentage of respondents reporting shopping as the most
frequent purpose for their trip in both employment sectors. This
could be attributed to a significant drop of respondents who
report other purposes for their movement.
The vast majority of respondents in the formal sector spend
more on transport every month compared to those in the
informal sector. Since 2017/18, the percentage of respondents
spending nothing (R0) on transport every month is higher for
respondents in the informal sector, increasing by seven
percentage points in 2020/21. In addition, the percentage of
those who spend R1001 and more on transport in the informal
sector also increased significantly by 13.1 percentage points in
2020/21 and this was driven by the substantial declines in
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respondents who spend between R1 and R1000. In terms of
affordability for healthcare, the survey suggests that less
respondents in the informal sector have medical aid compared
to more respondents in the formal sector since 2017/18.
However, there has been a percentage increase in respondents
in the informal sector who indicated that they have medical aid
compared to a decrease in formal sector workers during the
study period.
In 2020/21, there has been an increase in the percentage of
respondents reporting adult hunger in the household for both
sectors and this could be linked to challenges in accessing food
during lockdown. This percentage remains higher and has
increased for respondents in the informal sector. In contrast, the
percentage of respondents reporting child hunger decreased for
both sectors, but from an already higher percentage for
respondents in the informal sector compared to those in the
formal sector. Child hunger remains a major concern for
households where respondents are employed in the informal
sector. Although there is a slight increase in the percentage of
informal sector respondents who spend R2001 and more on
food per month since 2017/18, the results also suggest that
respondents in the formal sector spend more on food compared
to those in the informal sector.
The proportion of those with debt increased for respondents in
the formal sector but decreased for respondents in the informal
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sector. Similarly, the percentage of respondents in the formal
sector who missed a debt repayment increased dramatically.
However, the percentage of those in the informal sector who
missed a debt repayment decreased from an already higher
percentage.
The percentage of respondents satisfied with their working
conditions has decreased for respondents in both sectors since
2017/18. This in turn resulted in the increase in percentages of
respondents dissatisfied with their working conditions for
respondents in both sectors, but more for respondents in the
formal sector. Dissatisfaction with working condition remains
higher for respondents in the informal sector relative to those in
the formal sector and has increased since 2017/18.
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Table 6: Socio-economic characteristics of study sample by
employment sectors, 2017/18 and 2020/21
Variables and categories

Purpose of frequent trip
To go to work
Shopping
Other purpose
Transport expenditure
R0
R1 – R250
R251 - R1000
R1001 and more
Household adult hunger
Yes
No
Household child hunger
Yes
No
Household food expenditure
R0 – R500
R501 – R1000
R1001 – R2000
R2001 – R4000
R4000 and more
Have a debt
Yes
No
Missed debt repayment
Yes
No
Satisfaction with working
conditions
Satisfied
Neither
Dissatisfied
Access to medical aid*
Yes
No

Formal
N (%)

Informal
N (%)
2017/18
2020/21

2017/18

2020/21

4952 (77.2)
670 (10.5)
790 (12.3)

2278 (81.2)
400 (14.3)
126 (4.5)

896 (44.7)
456 (22.7)
654 (32.6)

538 (58.0)
271 (29.2)
119 (12.8)

235 (3.8)
835 (13.6)
2980 (48.6)
2081 (33.9)

136 (5.0)
242 (9.0)
1254 (46.7)
1055 (39.3)

101 (5.4)
691 (36.7)
900 (47.8)
190 (10.1)

109 (12.4)
227 (25.7)
342 (38.7)
206 (23.2)

686 (10.6)
5786 (89.4)

344 (12.3)
2464 (87.7)

558 (26.9)
1515 (73.1)

280 (30.1)
649 (69.9)

423 (10.9)
3456 (89.1)

155 (8.9)
1591 (91.1)

238 (23.6)
919 (76.4)

124 (22.5)
428 (77.5)

334 (5.2)
1419 (21.9)
2478 (38.3)
1836 (28.4)
404 (6.2)

69 (2.6)
487 (18.0)
984 (36.4)
829 (30.7)
333 (12.3)

265 (12.8)
780 (37.6)
712 (34.4)
279 (13.5)
36 (1.7)

91 (10.5)
279 (32.1)
304 (35.2)
139 (16.0)
54 (6.2)

3139 (48.5)
3334 (51.5)

1479 (52.7)
1329 (47.3)

792 (38.2)
1281 (61.8)

334 (36.0)
595 (64.0)

1046 (33.3)
2093 (66.7)

629 (42.5)
850 (57.5)

426 (53.8)
366 (46.2)

157 (47.0)
178 (53.0)

4986 (77.0)
485 (7.5)
1001 (15.5)

1996 (71.1)
206 (7.3)
605 (21.6)

1209 (58.4)
249 (12.0)
614 (29.6)

541 (58.3)
95 (10.2)
293 (31.5)

3183 (49.7)
3223 (50.3)

1311 (46.8)
1491 (53.2)

250 (12.3)
1775 (87.7)

138 (14.9)
788 (85.1)

* Unspecified/ ‘Don’t know’ responses not included in the table.
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4.4 Socio-economic outcomes during the COVID-19 pandemic
Figure 2 shows the percentages of employed respondents who
lost a job/closed a business since March 2020. While the QoL
data cannot tell us how many people were employed or
unemployed before the outbreak of COVID-19, it gives us the
outcomes of those who reported being employed by the time
data collection was conducted. From the data, 9.4% of all
respondents in Gauteng who were employed during data
collection indicated losing a job or closing a business
permanently since March 2020. This means, 90.6% were
employed prior to the pandemic. In the informal sector, there is
a higher percentage of respondents (10.1%) who experienced
job loss or business closure, in comparison to respondents in the
formal sector (9.2%).
Of all employed, more Black African respondents (10.2%)
reported that they lost a job/closed a business compared to nonBlack African respondents (7%). In addition, of all respondents in
the informal sector who experienced job losses/business
closure, there is a higher percentage among Black African
respondents (12%) in comparison to non-Black African
respondents (3.3%). There are no major differences between
males and females. The variations of job loss or business closure
seem to be lower among employed respondents with tertiary
education than among those with matric or no matric in both
sectors. The percentage of respondents in the informal sector
with no matric (13.7%) indicating job losses or business closure
was remarkably higher than those with tertiary education
(3.5%).
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Figure 2: Percentage of employed respondents who lost a job/closed a business
permanently since March 2020, by sex, population group and education
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Figure 3 shows that of all employed respondents in Gauteng,
37.9% had their salaries and working hours reduced since March
2020. More respondents in the informal sector (38.7%) reported
reductions in salary and working hours in comparison to all
employed respondents in Gauteng and those in the formal
sector (37.7%).
The percentage of respondents who had their salary and
working hours reduced does not vary much by population group.
However, of all respondents in the informal sector, more Black
African respondents reported reduction in salaries and working
hours (39.7%), in comparison to non-Black African respondents
(33.7%).
More female respondents (40.8%) reported reduction in salaries
and working hours, in comparison to male respondents (35.8%).
In addition, female respondents in both sectors bore more
burden of reduction in salaries and working hours compared to
male respondents.
Fewer respondents who have tertiary education (33.6%)
reported reduction in salaries and working hours, compared to
those with no matric (37.8%) or matric (43.1%). More
respondents in the informal sector with matric experienced
reduction in salaries and working hours (45.1%) when compared
to all employed respondents in Gauteng.
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Figure 3: Percentage of employed respondents who had salary and working hours
reduced, by sex, population group and education
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Figure 4 shows that of all employed respondents in Gauteng,
33.9% spent more time than usual looking after children or other
family members since March 2020. More respondents in the
informal sector (35.8%) reported spending more time with loved
ones, when compared to all employed respondents in Gauteng
and those in the informal sector (33.3%).
Compared to Black African respondents, more non-Black African
respondents spent more time than usual looking after children
or other family member since March 2020.
The percentages vary by sex and are higher for female
respondents than male respondents in both sectors.
Unsurprisingly, the percentage of all employed female
respondents who spent more time for child and family care is
higher, estimated at 43.5% compared to 26.1% for male
respondents. In addition, more female respondents in the
informal sector (52.1%) reported that they had more time for
child and family care, compared to those in the formal sector
(40.6%).
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Figure 4: Percentage of employed respondents who spent more time than usual looking
after children or other family members, by sex and population group
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5. Discussion
This paper explored the changes in socio-economic
characteristics of respondents employed in the formal and
informal sectors using QoL 2017/18 and 2020/21 datasets. We
found that respondents in the informal sector are
disproportionately affected by the changes in socio-economic
characteristics in the period between 2017/18 and 2020/21. The
findings show that respondents in the informal sector spend less
on food and transport and have higher percentages of adult and
child hunger in their household compared to respondents in the
formal sector. Van der Berg, Patel and Bridgman (2021) show
that food insecurity and hunger is a persistent challenge in South
Africa that has been exacerbated by the COVID-19 pandemic. In
addition, they argue that “indicators of hunger and a lack of
money to buy food, or what we will refer to as ‘food insecurity’
for brevity, have remained stubbornly high, and do not appear
to have changed substantially since June 2020” (Ibid:2). Other
studies in Kenya and Brazil, show that households with an
income derived from the informal sector are more likely to
experience food insecurities and shortages compared to
households with formal sector income (Souza et al., 2016;
Onyango, Crush and Owuor, 2021). In addition, informal sector
workers in Thailand struggled to pay for food and other daily
living expenses as a result of income reductions and little savings
linked to the COVID-19 pandemic (Komin et al., 2021).
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The low spending on food and transport for informal sector
workers can be attributed to the meagre income associated with
the sector (Alam, 2012). Consequently, informal sector workers
are unlikely to meet basic needs such as food and are often
excluded from access to public transport due to affordability
issues (Devey, 2003). This situation has been exacerbated by the
pandemic as some informal sector workers lost their jobs and
had salaries and working hours reduced.
The proportion of respondents with debt is higher for
respondents in the formal sector as compared to those in the
informal sector. This is because formal sector workers generally
qualify for credit due to regular and higher incomes, which is not
the case for informal workers. The percentage of respondents in
the informal sector in debt has decreased since 2017/18 and this
depicts persistent challenges in the informal sectors regarding
access to credit (ILO, 2020; WIEGO, 2020). “Institutions such as
banks and medical aid providers fail to extend services to the
informal workers, viewed as unreliable customers” (Devey,
2003:99), especially during the COVID-19 pandemic when most
were susceptible to income reductions or losses (ILO, 2020;
WIEGO, 2020). In addition, because of the lack of asset
ownership and title deeds, informal sector workers are often
unable to get loans due to lack of collateral (Sparks and Barnett,
2010; Komin et al., 2021). Results from the study also show
increasing percentages of respondents in the formal sector with
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debts and who have missed debt repayment, and this may be
linked, at least in part to the COVID-19 pandemic. The increase
in missed debt repayment for formal sector workers can be
associated with the temporary job losses, reduced salaries and
working hours experienced during the hard lockdown, which
affected monthly earnings.
Informal sector workers are disproportionately affected by job
losses and/or business closures and a reduction in working hours
and salaries amid the COVID-19 outbreak. The results suggest
that informal sector workers have higher percentages of job
losses and business closures and reduction in salaries and
working hours since March 2020. While there were job losses
and business closures in the formal sector because of
containment measures, research shows that informal sector
workers in South Africa were severely impacted (Benhura and
Magejo, 2020). In addition, the percentage of job losses was
considerably larger among informal sector workers than formal
sector workers between April and June 2020 (Benhura and
Magejo, 2020). This is because during the outbreak of COVID-19,
government issued directives for people to work from home
where possible and social distancing measures in an effort to
curb the spread of the virus (Benhura and Magejo, 2020;
Khambule, 2020; Nwosu and Oyenubi, 2021). The majority of
informal sector workers could not continue working, as they
require face to face interactions (Lee et al., 2020; Komin et al.,
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2021; Chirisa et al., 2022). Informal sector workers were also
unlikely to work from home as the ability to do so was pro-rich
and favourable to those in better socio-economic categories
including formal sector workers, those with higher education
and higher incomes (Nwosu and Oyenubi, 2021).
There is an increase in female participation in the labour force
but an underrepresentation, as they constitute a smaller
percentage of working respondents in both the formal and
informal sectors. Prior to the COVID-19 pandemic, results from
the QoL survey 2017/18 show that labour force participation in
the formal and informal sectors is mainly prejudiced against
long-standing gender lines. Gender differences persist in postapartheid Gauteng where female respondents are less likely to
be employed than male respondents. In terms of job losses and
business closures, results show that female respondents are
most impacted than male respondents as supported by other
studies conducted in South Africa (Casale and Shepherd, 2022).
While females have traditionally borne the responsibility of
unpaid work, this has been exacerbated during the pandemic.
These findings, echoing other studies, show that females are
disproportionately affected by the additional responsibility of
looking after children and family members since March 2020
(Casale and Posel, 2020; Jain et al., 2020; Rogan and Skinner,
2020; Maree et al., 2021). One study in India finds that 40% of all
employed females work in hard-hit sectors and the closure of
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early childhood education centres and schools means that
females carry the burden of care work (Lee, Schmidt‑Klau and
Verick, 2020).
This paper has shown value in finding solutions that are geared
towards addressing the disproportionate effects of the
pandemic and the lack of labour rights for people employed in
the informal sector. Balance between solutions for immediate
and longer-term issues should be struck to revive the economy
and ensure relevant support for the informal sector. Based on
these findings, cross-referenced with others, there is a need for
more work to be done to address the racial, gender and
employment sector disparities that confront the labour market
in Gauteng and South Africa as a whole. There are existing
policies geared towards addressing inequality in the labour
market and these require reforms considering the current
COVID-19 context. The pandemic context offers an opportunity
to reconfigure the South African economy in inclusive ways.
For instance, the current COVID-19 context shows the
importance of extending social protection to informal sector
workers as they are hit the hardest (ILO, 2020; Rogan and
Skinner, 2020). This is to shield workers from the immediate
socio-economic shocks and future crises. Social protection in the
informal sector would typically include benefits such as
unemployment insurance, retirement funds, childcare, and
maternity benefits (ILO, 2020; WIEGO, 2020). While short-term
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relief measures are useful, they are not sustainable in the longterm to protect informal workers’ income. Social protection will
mitigate against long-term structural problems and income risks
so that informal sector workers are able to cope during crises
and recover from socio-economic shocks.
6. Conclusion
This paper has explored changes in socio-economic
characteristics of respondents employed in the formal and
informal sectors in Gauteng since 2017/18. The results show that
respondents in the informal sector continue to face poor socioeconomic outcomes compared to those in the formal sector.
While we see decreasing proportions of respondents in the
informal sector who have debts, missed debt repayment and
have been reporting child hunger, the results show that these
are decreasing slowly from already higher percentages when
compared with percentages of respondents in the formal sector.
These results corroborate with other studies on the effects of
the COVID-19 pandemic on formal and informal sector workers.
Inequality in labour force participation with distinct relation to
race, gender and sector of employment are observed from
results of the QoL survey, 2017/18 and 2020/21 in Gauteng,
which mimic national trends. Some of these trends are
exacerbated by shifting dynamics in the COVID-19 context where
certain segments of the labour market are experiencing job
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losses, reduced salaries, and working hours, and the additional
responsibility of unpaid care work. Based on the data used, the
paper was unable to look at changes in socio-economic
characteristics of informal and formal sector workers beyond the
stringent lockdown periods. This can be an avenue for future
studies to assess the impacts of COVID-19 in the context of
loosening restrictions and the ability to recover from the
pandemic.
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warrant publication.
Tables, illustrations and figures should be placed on separate
sheets and not included in the text. All tables, illustrations and
figures should be submitted in black and white. Graphs should
be prepared in Microsoft Excel 2010. The approximate
position of tables, illustrations and figures should be clearly
indicated in the manuscript, for example:
Place Figure 1 approximately here
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5.
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7.
8.

Since the Southern African Journal of Demography follows a
policy of blind peer review, the first page of the text proper
should carry the title of the article, but not the name(s) of the
author(s).
A separate page should carry the title of the article, its
author(s) and relevant biographical information, including full
name, academic title, current position and institution (where
appropriate). Postal and e-mail addresses should also be
provided.
The article should be preceded by a single paragraph abstract
of the article, not exceeding 250 words. The abstract should
not form part of the text.
A list of 5 key words should be submitted per article for
cataloguing purposes.
The reference technique should be according to the Harvard
method. For example:
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demographic models. Population Studies, 50 (3): 469-484, November.
Book:
Zuberi, T. 2001. Thicker than blood: How racial statistics lie.
Minneapolis: University of Minnesota Press.
Van den Eerenbeemt, M. 1985. A demographic profile of the Fulani of
Central Mali with special emphasis on infant and child mortality. (In
Hill A.G. (ed.), Population, health and nutrition in the Sahel: Issues in
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the welfare of selected West African communities. London: Routledge
& Kegan Paul plc. P. 79-104.)
Conference proceedings:
Madhavan, S. 1999. Collaboration and conflict among women in Rural
Mali: Effects on fertility. Proceedings of the 1999 Third African
Population Conference, Durban, 6-10 December, 1999, 3: pp. 395-416,
Dakar: Union for African Population Studies.
Unpublished report, Government Publications:
Statistics South Africa. 2007. Community survey 2007: Methodology,
processes and highlights of key results. Pretoria: Statistics South Africa.
Theses and dissertations:
Kamara, J.A.L. 1990. The use of model life tables in indirect estimation.
London: London School of Hygiene and Tropical Medicine. University
of London. (PhD thesis).
Internet:
Dowling, D.C JR. 2007. Four steps to global age discrimination policy
compliance. Newsletters.
[Online]. Available: http://www.whitecase.com/hrhottopic_0807/
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Southern Africa. Prior to publication, author(s) of accepted
manuscripts will be required to provide a signed statement that the
publication of the article in the Southern African Journal of
Demography would not contravene any copyright.
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