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Abstract

Black South Africans accounted for 6.2 out of 6.4 million people living with HIV in South Africa
in 2012, highlighting extreme racial disparities in HIV infection. These racial disparities are the
result of structural and historical factors, specifically, the racist policies which were facilitated by
segregation before, during, and after Apartheid. First, we describe the theoretical context of how
racist policies and segregation are linked to HIV prevalence. Next, using data from a 2012 national
survey of South Africans (SABSSM 1V) and Statistics South Africa (StatsSA), we describe the
race-specific geospatial distribution of HIV in South Africa, provide empirical evidence for the
impact of Apartheid on important risk factors for HIV infection, and describe the relationship
between these risk factors and HIV within racial groups. Using multilevel logistic regression, we
find that segregation increases the odds of HIV infection among Black South Africans, even after
adjusting for many covariates which are sometimes blamed, in place of structural factors, for a
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higher HIV prevalence in Black South Africans. We found that the estimated odds of infection

in the most segregated municipality was 1.95 (95% CI: 1.15, 3.32) times the odds of infection

in the least segregated municipality for Black South Africans. In addition to segregation, we also
find other covariates to be differentially associated with HIV infection depending on race, such as
gender, age, and sexual behavior. We also find that the HIV infection odds ratio comparing Black
and Coloured (i.e., multiple ethnic groups with mixed ancestries from Africa, Asia, and Europe)
South Africans varies over space. These results continue to build evidence of the influence of
structural and historical factors on the modern geospatial and demographic distribution of HIV.
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INTRODUCTION

HIV prevalence among Black South Africans is much higher than in any other racial
group. Historical and structural factors drive patterns of disease (Link & Phelan, 1995)
and segregation is one such fundamental cause of disease that can be linked to adverse
health outcomes (Williams & Collins, 2001). Residential segregation restricts individuals
residences spatially (Reardon & O’Sullivan, 2004) and racist policies and practices
facilitated by racial segregation can have effects that last for generations (McClure, 2019;
White & Borrell, 2011; Landrine & Corral, 2009; Charasse-Pouélé & Fournier, 2006). In
South Africa, policies before and during the years of Apartheid restricted access to vital
resources through residential segregation by race (Feinberg 1993; Clark & Worger, 2016).
Thus, an explanation of the distribution of HIV in South Africa demands the use of both
spatial methods and race-specific analyses. This study investigates between- and within-race
patterns of HIV using a geospatial approach to understand the impact of Apartheid and racist
policy on HIV prevalence in post-Apartheid South Africa. We hypothesize that the legacies
of Apartheid and racist policy in South Africa continue to shape the distributions of HIV at
the nexus of race and space.

BACKGROUND

Racist policy in South Africa

South African Apartheid (1948-1994) was a racist system of subjugation, political
exclusion, and material deprivation aided by institutionalized residential segregation by
race. However, racist policies existed in South Africa before Apartheid. The Land Act
of 1913 prevented Black South Africans outside of Cape Province from buying land
outside of specified reserves, beginning the systemic isolation of Black South Africans
(Feinberg, 1993). During Apartheid, the Population and Registration Act of 1950 formalized
and reinforced a racial caste hierarchy, with White South Africans on top, followed by
Asian (including people with ethnic backgrounds from India and other parts of Asia),
then Coloured (i.e., multiple ethnic groups with mixed ancestries from Africa, Asia, and
Europe), and Black South Africans on the bottom (Clark & Worger, 2016). To work in
urban centers, Black South Africans required a pass and could be arrested if they were
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found without one or if they stayed past curfew. Further, Black and Coloured South Africans
received a separate and unequal education and were barred from certain occupations (Clark
& Worger, 2016). Through the Group Areas Act of 1950, South Africans were residentially
segregated by race; Black South Africans were forced to live in “Bantustans,” which were
largely rural areas containing no major economic centers (Clark & Worger, 2016). These
racist policies, among others, have had lasting, wide-ranging impacts especially on Black
and Coloured South Africans and created the structural foundations for racial disparities in
health (Braveman, 2006) which persist today.

Linking racist policy and HIV

The Apartheid-era migrant labor system is key to understanding the legacy of Apartheid

on the South African HIV epidemic (Vosloo, 2020). The system of migrant labor ensured

a steady supply of cheap labor in the mines and cities by Black South Africans from
“Bantustans,” while prohibiting them from permanently settling in what was designated

as “Whites only” areas. This system resulted in a migration mode known as circular or
oscillating migration, in which men leave behind their partners and families to work in the
mines and cities while periodically returning home (Lurie, 2006). Migration is one major
structural factor that has contributed to the South African HIV epidemic, both in urban and
rural areas (Lurie et al., 2003). South African migrants in 1990, towards the end of the
Apartheid era, tended to be at higher risk of HIVV (Abdool Karim, 1992). Movement or
mobility itself is not a risk factor; it is the conditions and structure of the migration process
that makes people vulnerable to HIV infection. Circular or oscillating migration’s role in the
spread of HIV is a result of men becoming infected while they are away from home and
infecting their rural wives or regular partners when they return (Lurie, 2006). The migration
labor system confined men to migrant labor hostels, some of which were later incorporated
into black urban townships (Mosloo, 2020).

Access to anti-retroviral therapy is key in controlling HIV, as reducing viral load to
undetectable levels essentially eliminates the probability of onward transmission (Cohen

et al., 2016; Eisinger, 2019). To achieve this, individuals must be able to physically and
financially access healthcare multiple times per year, i.e., healthcare must be relatively

close and affordable. During Apartheid, the South African national government delegated
responsibility for healthcare in Black areas to the “Bantustans.” Since Apartheid left Black
communities with severely limited economic resources, they were unable to adequately fund
their own healthcare (Scrubb, 2011). Doctors disproportionately cared for White patients
because doctors were disproportionately White. Discrimination in medical training created a
situation in 1985 where 88% of doctors were White and only 2.2% and 1.3% were Coloured
and Black, respectively, even though over 70% of the population was Black (Baker, 2010).
Though the racial distribution of doctors has since become more representative, in 2011,
40% of all South African healthcare professionals still worked solely in the private sector,
from which care is cost-prohibitive for low-income South Africans (Baker, 2010; Scrubb,
2011). The consequences of segregation (e.g., greater geographic distance to adequate care)
and racist policies (e.g., greater material deprivation) made these private healthcare options
inaccessible to many Black and Coloured South Africans (Scrubb, 2011; Kon & Lackman,
2008). Though public healthcare access and HIV treatment are currently free in South
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Africa, a user fee limited public healthcare access until 1997 and HIV treatment was not
free to patients until 2004 (Wilkinson et al., 2019). In 2009-10, affordability constraints on
healthcare were still faced by 23% of South Africans, with a disproportionate number of
Black South Africans reporting that healthcare was not available, affordable, or acceptable
(Burger & Christian, 2020). Since healthcare is free, 73% of those affordability constraints
are tied to travel costs (Burger & Christian, 2020). These barriers to healthcare access were
a key structural factor that facilitated the spread of HIV and established a widespread,
generalized epidemic in Black areas (Coovadia et al., 2009).

Racist policies which limited healthcare access were paired with policies that limited
educational and occupational opportunities to maintain poverty in Black and Coloured
areas. Poverty is often gendered, caused by the economic exclusion of women and the
corresponding expectations for male partners to provide for families. Such dynamics have
contributed to an increased frequency of transactional sex, age-disparate partnerships, and
unequal power in relationships (Zembe et al., 2013; Hunter, 2007; Stoebenau et al., 2016;
Muula, 2008). The link between transactional sex and poverty is a major reason for the
disproportionately high rate of HIV infection in young women aged 15-24 (Zembe et al.,
2013; Hunter, 2007; Wamoyi et al., 2016; Ranganathan et al., 2016). Alcohol dependency
and binge drinking also correlate strongly with poverty and are tied to having unprotected
sex, multiple sexual partners, and transactional sex. Therefore, alcohol abuse is a strong
indicator of HIV infection (Magni et al., 2015; Norris et al., 2009). Poor mental health
can maintain the cycles of poverty and can exacerbate or create substance use issues (Lund
et al., 2011; Collins et al., 2006). The cycle continues when upon infection with HIV, the
combined stigma of HIV and poverty can be strong enough to dissuade one from pursuing
treatment (Tsai et al., 2013). Additionally, depression and stigma can reduce adherence to
HIV treatment, which can cause viral loads to rebound and viruses to develop resistance
(Collins et al., 2006; Tsai et al., 2013; Chesney et al., 2000).

Racial disparities in HIV

In 2012, an estimated 6.2 out of the 6.4 million South Africans estimated to be living with
HIV were Black (Shisana et al., 2012). HIV prevalence increases down the racial hierarchy
of Apartheid: 0.3% in White, 0.8% in Asian, 3.1% in Coloured, and 15.0% in Black South
Africans (Shisana et al., 2012). Given that the distribution of HIV clearly correlates with
the gradient of oppression institutionalized by Apartheid, this study investigates how race
and racial segregation are related to patterns of HIV in South Africa. To understand racial
disparities in health, structural factors must be considered; a primary focus on behavioral
or biological risk factors without acknowledgement of structural factors is insufficient
(Masanjala, 2007; McClure, 2020; Decoteau, 2008; Kon & Lackan, 2008).

Geospatial and within-race heterogeneity

The effects of Apartheid were heterogeneous within racial groups due to differences

in ethnicities and local factors (Masanjala, 2007). Thus, the race-specific geospatial
distributions of post-Apartheid HIV prevalence and the determinants of the observed
distribution merit further attention (Jones, 2001; Decoteau, 2008; Hunter, 2007; Kon &
Lackan, 2008; Masanjala, 2007; Robins, 2004; Wabiri & Taffa, 2013). In this analysis we
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measure the segregation which accompanied and facilitated racist policies to ascertain their
reach in each geographic area.

DATA AND METHODS

Study design and participants

We use data from the 2012 South African National HIV Prevalence, Incidence, Behaviour
and Communication Survey (Shisana et al., 2012; Zuma et al., 2016). The SABSSM survey
is a nationally representative population-based cross-sectional survey that evaluates trends in
the South African HIV epidemic, conducted every three to five years. Details of the survey
methodology are described elsewhere (Zuma et al., 2016).

Our analysis was restricted to survey respondents aged 15 or older (n=30,607). Race was
measured in the 2012 SABSSM cross-sectional survey using observer-report of the same
pre-specified categories (Black, Coloured, Asian, White, Other) used during the Apartheid
era. These racial categories are contested, complex, and biologically irrelevant, however,
they do map well to social hierarchy, prejudice, and racial discrimination. In this analysis,
individuals categorized as “Other” races were excluded due to small sample size (n=72)

and generalizability concerns. Information on specific ethnic categorizations within the
“Coloured” category were unavailable, so we were unable to distinguish between them in
this analysis. Other covariates included in this analysis from the SABSSM survey were age,
sex, male circumcision status, number of lifetime sexual partners, relationship status, level of
education completed, employment status, age of first sexual experience (sexual debut), and
travel during the last 12 months (yes/no). Travel was defined as being away from one’s usual
residence for more than one month.

Municipality-level data and indices

Municipality-level residential segregation by race was calculated using the multigroup
information theory index, also known as Theil’s H index. Theil’s H index is a decomposable
measure with components representing diversity (also known as entropy) and inequality
within a region (Reardon & Firebaugh, 2002; Theil, 1972). Diversity/entropy is defined as
the extent to which multiple groups are present in a region and inequality refers to the
spatial distribution of multiple groups within the region compared to the overall diversity of
the region. The H index has been widely used to measure residential segregation (Bischoff,
2008; Farrell, 2008; Fischer, 2008; Parisi et al., 2011) due to its utility in incorporating
more than two population groups and its decomposable properties. In this study, we used
Theil’s H index to estimate residential segregation by race at the municipality level and

we use the diversity/entropy component of the H index to estimate the racial diversity for
each municipality. Formulae for calculating diversity/entropy and segregation are available
in the appendix. Using race-specific population data from the 2011 census at the ward

and municipality levels from Statistics South Africa (StatsSA), we calculated municipality-
level and ward-level diversity/entropy using the specified formulae (2011 Statistics South
Africa). Then, we calculated municipality-level segregation by comparing municipality-level
diversity and ward-level diversity within that municipality. Segregation values vary between
0, where all wards have the same racial composition as the entire municipality, to 1, where
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all wards contain only one racial group (Reardon & O’Sullivan, 2004). Diversity has a
minimum value of O (the area is made up of only one racial group) and an upper limit of
1.39 for the four groups (Black, White, Coloured, Asian), where all groups make up 25% of
the population.

The South African Multi-Dimensional Poverty Index (SAMPI) at the municipality level for
the year 2011 was also obtained from StatsSA. SAMPI is the product of two terms: the
proportion of the population that is multidimensionally poor and the average deprivation
each person experiences, which is calculated using indicators from four categories:
education, health, standard of living, and economic activity (Fransman & Yu, 2019). SAMPI
was converted into tertiles for this analysis.

First, we construct a descriptive table, stratified by race and generalized to the South

African population, displaying the racial distribution of HIV prevalence and our included
covariates. Second, the geographic distribution of racial groups throughout South Africa was
visually compared to maps of measures of poverty, segregation, and diversity. To condense
municipality-level racial information into one map, a K-means clustering algorithm was
implemented to categorize municipalities into four groups based on their racial makeup.
K-means clustering is an unsupervised machine learning method which randomly chooses

K centroids (K = the number of groups one desires) in an n-dimensional space, where “n”

is the number of variables which determine the group characteristics. Third, the percentage
makeup of a municipality population that was Black was compared to municipality-level
poverty, segregation, and HIV prevalence using scatter plots and locally estimated scatterplot
smoothing (LOESS) curves.

Next, a race-standardized map of HIV prevalence in South African municipalities was
constructed, using indirect standardization. The indirect standardization method calculates
a race-standardized HIV prevalence for each municipality by first calculating the observed
number of HIV cases in a municipality divided by the expected number of cases given

the racial distribution of the sample and the prevalence of HIV in each race nationally,

and second by multiplying the national-level HIV prevalence by this fraction. Within-race
differences over space are important as well, thus, the race-specific municipality-level HIV
prevalence was also mapped. For these maps, only municipalities with at least 20 samples
are shown.

To explore the role of race in determining HIV prevalence over space, a spatially varying
odds ratio was calculated using generalized additive models and thin plate regression splines
(Wood, 2003). Similar to how one can investigate effect measure modification by allowing
the effect of one variable on an outcome to vary between strata of another variable, we
allow two-dimensional space to modify the effect of race by fitting two dimensional splines
over space for each race and then compute the odds ratio at each point. Confidence limit
ratios (CLRs) were also calculated to provide a measure of precision. CLRs are commonly
used as a measure of precision for ratio metrics, such as the odds ratio, where a higher

CLR indicates lower precision. We decided to censor odds ratio estimates in areas where
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the associated CLR was greater than five, as these results might be insufficiently precise and
visually misleading.

Finally, a logistic regression model was fit to investigate correlates of HIV infection.
Separate regressions were run for each race, due to differences in the environments and
lived experiences of racial groups due to structural consequences of Apartheid. Only
individuals who had had sex were included in the regression, as we are attempting to
uncover correlates of sexually transmitted HIV, the predominate mode of HIV transmission
in South Africa. All analyses were conducted in R version 3.6.2 (R Core Team, 2019).
Covariates included were age, age squared, sex and circumecision status, number of lifetime
partners, relationship status, education level, employment status, sexual debut age, travel,
SAMPI tertile, segregation index, diversity index, and the enumeration area geography type.
The functional forms of these covariates were assessed through bivariate analyses before
the regression was fit, and linear, second-degree polynomial, and restricted cubic spline
forms were considered. Missing data were dealt with through complete case analysis. To
account for the complex survey design, the svyg/m() function from the survey package

was used to add inverse-probability-of-sampling weights to the regression according to the
survey design, potentially also addressing bias due to complete case analysis. As part of the
sampling design, correlations within enumeration areas were accounted for but correlations
within municipalities were not. Since we use municipality-level variables, like segregation,
we did a sensitivity analysis with a mixed logistic regression model with random intercepts
for both enumeration area and municipality, with the same weights used in svyg/m().

Survey Weights

RESULTS

Survey weights were used in all aspects of this analysis. Weights provided with the

dataset could be used to generalize results to the national or province level, for all

survey participants and for all survey participants who received an HIV test, however,

we were interested in calculating the HIV prevalence among only those 15 years or older.
Additionally, in our municipality prevalence maps, we had to estimate prevalence at that
geographic level. Further, in our regression models, we needed to restrict to individuals 15
years or older and a single race, conditional upon at least one sexual experience, and account
for complete case analysis (individuals would not be included if they had any missing data
in relevant covariates). For these two situations, we calculated new weights for the relevant
subset of the survey participants using the survey package in R, accounting for the original
survey design (Lumley, 2020).

Characteristics of study participants

Table 1 displays the prevalence of HIV and the characteristics of the South African
population (aged 15 years or older), stratified by racial classification. HIV prevalence was
highest in Black South Africans (20.54%), followed by Coloured (4.06%), Asian (0.90%),
and White South Africans (0.37%). The distributions of measured covariates varied greatly
between races. For example, Black South Africans were the youngest (median: 32), followed
closely by Coloured South Africans (36) and Asian South Africans (37), while White South
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Africans (46) were older. Male circumcision was more common in Black South Africans
than other racial groups and White and Asian South Africans were most likely to be married
and employed. Black South Africans lived in poorer, more rural, less diverse municipalities
than other groups. A few cells in the sample used to estimate these distributions had very
small counts (less than 20): White South Africans with an education Grade 0-7 (n=12),
White South Africans in urban informal areas (n=0), Asian South Africans in rural (n=9)

or urban informal (n=1) areas, and Asian South Africans with a sexual debut age of less
than 15 (n=13). Cell counts were below 20 for all races besides Black South Africans

for “Other” relationships. Most importantly, only 7 sampled White South Africans and 33
sampled Asian South Africans were HIV positive.

Racial distributions and associations with municipality-level variables

Figure 1 displays the distribution of racial classification throughout South Africa. Black
South Africans predominately reside in the eastern portion of the country while Coloured
individuals predominately reside in the western portion. White individuals represent a
minority in most municipalities but are distributed broadly throughout the country while
Asian South Africans reside mostly in KwaZulu-Natal (in and around Durban) and

Gauteng. Figure 2 displays municipality-level diversity, segregation, and poverty, as well

as a map which classifies municipalities based on racial make-up using a K-means
clustering procedure. Demographic descriptions of these four clusters can be viewed in the
supplementary materials. Diversity is higher in the western municipalities while segregation
is higher in urban centers. Municipality-level poverty is highest in KwaZulu-Natal, the
eastern portion of Eastern Cape, and the border of Northern Cape and North-West. Certain
municipality-level variables vary greatly according to their racial make-up. Figure 3 displays
how municipality-level poverty, segregation, and HIV prevalence correlate with municipality
Black population percentage.

Municipality-level prevalence of HIV

Figure 4 displays the unstandardized and race-standardized prevalences of HIV in South
Africa at the municipality-level. For associated standard errors, please see Supplementary
Figure 1. From the unstandardized map, HIV seems to be concentrated in the eastern part of
the country, where the majority of Black South Africans live. The race-standardized controls
for this racial distribution and uncovers other areas which have higher HIV prevalences
than their racial distributions suggest. While the HIV prevalence is still heterogeneous

in this standardized map, the eastern/western differences seem to fade. More can be

learned from examining Figure 5, which displays the race-specific HIV prevalence for

each municipality. For associated standard errors, please see Supplementary Figure 2.

As suggested by the heterogeneity in the standardized map, race-specific prevalences of
HIV are also heterogeneous. Black South Africans experience a high burden of HIV in
Kwazulu-Natal and Mpumalanga, particularly near the borders of eSwatini. However, they
also experience a high burden in places like Cape Town, Drakenstein, and on the border

of Western and Eastern Cape. Coloured South Africans experience increased burdens in
south-west Eastern Cape and Matjhabeng in Free State. In White and Asian South Africans,
all municipalities had prevalences less than 5%.
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Spatially varying odds ratios

Since race-specific HIV prevalences vary spatially, it may also be true that comparisons
between race-specific prevalences vary spatially. Figure 6 shows spatially varying odds
ratios comparing HIV prevalences between Black and Coloured Africans, as well as the
confidence limit ratios (CLRs) for those estimates. For Black versus Coloured South
Africans, odds ratio point estimates were always greater than one (Black South Africans
had greater odds of HIV infection everywhere). Odd ratios are higher near the Cape Town
and Drakenstein municipalities in Western Cape province. They were also higher near the
border of Western and Eastern Cape provinces. The odds ratios were between one and two
in one region covering parts of Northern Cape, North West, and Free State provinces. White
and Asian South Africans were not compared here as their HIV case counts were too low.

Race-specific regressions

Regressions were run for Black and Coloured South Africans, but not Asian or White South
Africans due to the small number of HIV cases in those groups. Table 2 displays the results
of these race-specific regressions, weighted according to the survey design to be nationally
representative. A graph of estimated odds ratios of each age compared to age 15 can be
viewed in Supplementary Figure 3. The odds of HIV infection are flatter throughout the age
distribution of Coloured South Africans, compared to Black South Africans who experience
a higher peak around ages 35-40. Black women had 3.19 times the odds of HIV infection
compared to circumcised Black men while uncircumcised Black men had 1.92 times the
odds. Among Coloured South Africans, these effects were slightly higher: 4.56 for women
and 2.31 for uncircumcised men. Number of lifetime partners displayed similar odds ratios
for categories below ten partners for both Black and Coloured South Africans. However,
there was a difference for those with ten or more partners: Black South Africans with ten or
more partners had 2.10 times the odds of being HIV positive than those with one partner —
and similar odds compared to the other categories - while Coloured South Africans had 4.79
times the odds compared to those with one partner.

For Black South Africans, the odds of HIV infection almost doubled when moving from the
least segregated municipality in South Africa (Theil H of 0) to the most segregated (0.55):
OR 1.95 (95% CI: 1.15, 3.32). Our sensitivity analysis which incorporates a random effect
for municipality to account clustering at that level found a similar result: (OR: 1.92, 95% ClI:
1.05, 3.58). For Coloured South Africans, this odds ratio was 0.54 (0.09, 3.13), suggesting
a protective effect but with a wide interval which includes potential for harm. In terms of
municipality-level diversity, increased diversity was protective against HIV for both groups:
moving from the least diverse municipality (entropy of 0) to the most diverse municipality
(1.22) resulted in an odds ratio of 0.42 (0.22, 0.81) in Black South Africans and 0.16 (0.02,
1.43) in Coloured South Africans. Lastly, HIV prevalence in Black South Africans seemed
to be highest in urban informal areas (OR: 1.54 versus rural), followed by urban formal
areas and rural areas, which were about equal. For Coloured South Africans, living in an
urban informal neighborhood was associated with 3.21 times the odds of HIV infection
compared to rural neighborhoods, with urban formal neighborhoods being about equal to
rural neighborhoods.
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DISCUSSION

Municipality-level segregation was positively associated with HIV infection in Black

South Africans, even after controlling for individual and structural factors (i.e., education,
employment, municipal-level poverty, urbanicity, and sexual history) which are on the
pathway between racist policy and HIV (Burgard, S.A. & Lee-Rife, S.) but are often blamed,
in place of racist policy, for increased HIV risk (Kenyon et al., 2013). These results suggest
quantitatively what we know qualitatively and intuitively: that racist policies created a
system which limited Black South Africans’ access to key resources, and the more effective
that system was at segregating and subsequently depriving Black South Africans, the more
devastating it is for their health. It is important to distinguish that it is not the segregation

or separation itself which causes this deprivation, but racist policies which are tied to and
facilitated by segregation (Williams et al., 2019; Williams & Jackson, 2005). A potential
follow-up question might be: is the higher prevalence in Black and Coloured South Africans
simply due to disparities in infection that occurred during Apartheid? An ad-hoc follow-up
analysis where we restricted the regression to Black South Africans who reached age 15
post-Apartheid (33 years old or younger in 2012) suggests that this disparity continued: a
positive association between segregation and HIV infection was observed using this subset,
and it was even slightly increased (OR 2.25). Furthermore, given the potential effect of
gender-specific policy impacts, an ad-hoc sensitivity analysis further stratified by gender.
This analysis found a slightly larger impact of segregation on Black women (OR: 2.13) than
on Black men (OR 1.77).

For other races, the links between segregation and HIV were less definitive. For Coloured
South Africans, the point estimate for segregation indicated a protective effect against
HIV, but the 95% confidence interval included potential for harm. These effects were not
computed for Asian or White South Africans, as there were only 7 HIV cases in White
South Africans and 33 in Asian South Africans.

To our knowledge, this is the first analysis to quantitatively link residential segregation to
HIV prevalence in Black South Africans throughout the country. However, other studies
have noted that Apartheid and racist policies are linked to HIV through poverty (Burger

& Christian, 2020; Cunha, 2007; Mansanjala, 2007; Phatlane, 2010), gender inequality
(Cunha, 2007; Hunter, 2007; Kalipeni et al., 2007; Mabaso et al., 2019; Magni et al., 2015;
Ranganathan et al., 2016; Shisana et al., 2010; Wamoyi et al., 2016; Zembe et al., 2013)
alcohol use (Magni et al., 2015; Norris et al., 2009), and healthcare access (Baker, 2010;
Burger et al., 2012; Coovadia et al., 2009; Gilson & Mclntyre, 2007; Scrubb, 2011). In

the United States, a few analyses have specifically linked residential segregation to HIV,
similarly finding a positive correlation between the two (Buot et al., 2014; Ibragimov et
al., 2019). Many studies have linked segregation to poorer health outcomes, but have found
effects to be more pronounced for more oppressed groups — which we also find in this
analysis (Williams et al., 2019; Williams, 2018)

The observed racial differences in the correlation between segregation and HIV likely
exists because the racist policies accompanying segregation were more oppressive for Black
South Africans than for other racial groups. Apartheid placed Black South Africans below
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Coloured South Africans on the race hierarchy, and one of the clearest consequences of this
can be seen in the amount of municipality-level poverty. When examining the relationship
between racial makeup and poverty at the municipality level, the poorest municipalities are
almost solely those which are 90% Black or more. This area-level deprivation occurred
because Black South Africans were specifically targeted by policies which limited the
quality of their education and the jobs. Racist policies also harmed Black South Africans
to a greater degree than Coloured South Africans in terms of healthcare access. In a 2009-
10 study, Coloured South Africans were almost as likely as White South Africans to say
that healthcare was “available” and were significantly more likely to say healthcare was
“affordable” and “acceptable” compared to Black South Africans (Burger & Christian,
2019). Finally, simply existing at the bottom of a social hierarchy exposes one to everyday
experiences of racism and discrimination (Williams et al., 2019).

Compared to other races, HIV prevalence is higher for Black South Africans in essentially
every municipality where enough data exists to make such a comparison. In this analysis,
we look deeper by examining a race-stratified map, which revealed the within-race
heterogeneity in the distribution of the virus. Past and present racist policies clearly play

a role in the measured distribution, as revealed by our race-specific regression, however
other factors likely contribute as well. Among Black South Africans, there is a clear gender
disparity (women are at increased odds) and circumcised men are somewhat protected.
Another analysis of this same data source found that Black women with an older partner
(>=5 years difference) had 51.8% HIV prevalence, suggesting a portion of this gender
disparity can be explained by gendered power dynamics in sexual relationships (Mabaso
etal., 2019). Employed and educated individuals are at a lower odds of HIV, a result that
has been echoed in many studies (Hunter, 2007; Levinhson et al., 2011; Nattrass, 2008).
However, the relationship between employment and HIV can change if the employing
industry requires mobility/migration (Grabowski, 2020; Ramjee & Gouws, 2002; Campbell,
1997). These examples and caveats begin to suggest that fully explaining the distribution of
HIV in South Africa would require detailed examinations of complex local dynamics (Webb,
1997).

For Coloured South Africans, much of the heterogeneity in HIV prevalence is likely
explained by the differential forces acting upon the varied ethnicities which make up

the Coloured racial category (Martin, 1998). For example, HIV prevalence is quite low
near Cape Town, possibly due to a lower HIV prevalence in the Cape Malay and Cape
Coloured communities compared to other ethnicities. Likely related to ethnicity but also
likely independently important, the odds ratio of HIV infection in urban informal areas
compared to rural areas was 3.21, a fairly large difference. Those in urban formal areas had
the lowest odds of HIV of the three neighborhood types. Poor conditions in urban informal
areas are likely driving this relationship (WHO, UN-Habitat, 2010). Interestingly, number of
lifetime partners in Coloured South Africans seemed to be more associated with HIV than
in Black South Africans, suggesting that the epidemic is less generalized among Coloured
individuals. Our analysis has shown that focusing on Black areas will be necessary but not
sufficient: Black South Africans everywhere are at increased odds of HIV and all must be
protected. That said, we have also shown that increased attention on areas most heavily
affected by racist policies, aided by segregation, is warranted. However, policies need to
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consider the intersections between gender, class, and race, otherwise, they will not be fully
effective (Kraut-Becher et al., 2008; Williams & Purdie-Vaughns, 2016; Kawachi et al.,
2005; Charasse-Pouélé & Fournier, 2006). Some policies to reduce racial disparities have
already been implemented, but often suffer from the neglecting the considerations above
(Patel & Graham, 2012; Horwitz & Jain, 2011). For example, the original Black Economic
Empowerment (BEE) program often prioritized wealthy Black South Africans and focused
on integration rather than reversing material deprivation (Patel & Graham, 2012; Horwitz &
Jain, 2011).

The study has some limitations. The primary threat to the validity of these results is that

of missing data. Though response rates to the general SABSSM survey were high, the
proportion of participants who agreed to an HIV test were much lower and varied based

on race. Specifically, HIV test response ratios were higher in Black and Coloured South
Africans compared to Asian and White South Africans. If a missing HIV test was dependent
on the result of that test (had it been measured) the results may be biased, most notably

the regression analysis which utilizes only complete cases, though we somewhat address
this through our use of inverse probability weights. Further, the regression analysis includes
both age and sexual debut age. While both variables are potentially important to address
confounding, interpretation of their parameter values is potentially problematic in certain
instances, as an estimate for the odds of HIV infection for a 17-year-old with a sexual debut
age of “25 or older” is invalid. It should also be noted that our study only had data on HIV
prevalence, rather than incidence, thus some of the observed associations between HIV and
our covariates could be due to reverse causation. Though we have controlled for multiple
confounders, depending on the relationship of interest, our regression outputs represent
conditional associations and should not be interpreted as measures of causal effects. Finally,
we lack ethnicity data, which is most consequential for those in the “Coloured” category.
Multiple ethnic groups make up the “Coloured” category, with “Cape Coloured,” “Malay,”
“Griqua,” and “Other Coloured” being the subcategories that existed during Apartheid. The
legacy of Apartheid is likely somewhat different for each of these groups, though they share
a spot on Apartheid’s social hierarchy above Black South Africans and below White and
Asian South Africans.

This study also has several strengths. First, the data are from a large geographically diverse
population which aimed to provide a nationally representative sample. Second, we had
detailed geographic information which allowed us to calculate valuable geospatial covariates
at high resolution. Finally, the focus on Apartheid and racist policy as structural influences
allowed us to conduct race-specific analyses and identify how racist policy continues to have
enduring consequences in terms of HIV infection. Further studies could improve upon this
analysis by more clearly specifying the spatial impact of specific racist policies and linking
those impacts to HIV prevalence or incidence.

Conclusions

This paper has linked racist policy, enduring segregation, and HIV, and demonstrated the
link between segregation and HIV for Black South Africans. Though we cannot, and did
not aim, to separate the past effects of racist policy and the current effects of segregation,
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the results continue to build evidence for the influence of structural and historical factors,
including segregation, on the current spatial and demographic distribution of HIV in South
Africa.
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APPENDIX

Diversity/Entropy and Segregation (Theil’s H Index) Formulae

T = Total population, B = Black proportion, C = Coloured proportion, WH = White
proportion, | = Asian Proportion, MN = Municipality level, WD = Ward level, WD i =
Ward i

1 1 1
— * * * *
Entropym N = BMN ln(Bﬂ,N)‘FCMN 1n(cﬂ ,N)+ WHMN IH(WH )+ IMN 1H(IN”)

1 1 1
Entropy =B * ln( ) +C * ln( ) +WH * ln(i) +1 * ln( )
wD =By p*In| g+ CMN I\ e w0\ g |+ IMN I

S i _ #of Wards Twop_i * ERiropYMN — Entropyw D_i
egregationpf N = Zi =1 TMN Entropyp N

K-means cluster category means:
Black Dominated: 96.4% Black, 0.6% Coloured, 2.4% White, 0.3% Asian

Black Majority: 79.7% Black, 4.6% Coloured, 13.1% White, 2.2% Asian
Coloured Majority: 13.4% Black, 72.5% Coloured, 13.2% White, 0.3% Asian
Mixed: 46.1% Black, 36.7% Coloured, 15.4% White, 0.4% Asian
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Highlights
HIV prevalence was 21% in Black South Africans in 2012.
HIV prevalence varied across South African municipalities.

The geospatial heterogeneity in HIV prevalence remained after stratifying by
race.

Segregation was positively associated with HIV in Black South Africans.

The legacy of Apartheid continues to drive the distribution of HIV infections.
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Figure 2: Municipality-Level Diversity, Segregation, and Poverty
Segregation values vary between 0, when all wards have the same racial composition as

the entire municipality, to 1, when all wards contain only one racial group (Reardon &
O’Sullivan, 2004). Diversity has a minimum value of O (the area is made up of only one
racial group) and has an upper limit of 1.39 for four groups (Black, White, Coloured, Asian),
when all groups make up 25% of the population.
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Municipality-Level Black Proportion Versus South African Municipality-Level Poverty
Index (SAMPI), Segregation, and HIV Prevalence
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Figure 4: Unstandardized and Race-Standardized* Municipality-Level HIV Prevalence
*Using indirect standardization
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Race-Specific Municipality-Level HIV Prevalence
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*Estimates with associated CLRs > 5 considered too imprecise to show.
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Table 2:

Race-Specific Regression Outputs (Weighted According to Survey Design)

Characteristic

Prevalence Odds Ratio (95% CI)

Black (n = 6,657)

Coloured (n =2,482)

Age
Age Squared

Sex and Circumcision Status
Male Circumcised (Reference)
Male Uncircumcised
Female
Number of Lifetime Partners
One (Reference)
Two to Four
Five to Nine
Ten or More
Relationship Status
Married (Reference)
Unmarried Relationship
Single
Divorced/Widowed
Other
Education Completed
Seventh Grade or Less (Reference)
Eighth to Eleventh Grade
Twelfth Grade
Some Post-School Studies
Further Degrees Completed
Employment
Employed (Reference)
Unemployed, Looking
Unemployed, Not Looking
Unable to Work
Student
Sexual Debut Age
Less than 15
15t024
25 or Older (Reference)
Travel (Last 12 Months)
No (Reference)
Yes
South African Multidimensional Poverty Index (SAMPI) of Participant’s Municipality
Richest Tertile (Reference)

Not interpretable*

Not interpretable*

1.92 (1.39, 2.66)
3.19 (2.41, 4.21)

1.77 (1.36, 2.29)
1.93 (1.32, 2.82)
2.10 (1.40, 3.14)

2.54 (1.87, 3.45)
2.16 (1.49, 3.45)
1.74 (1.11, 2.74)
1.43 (0.48, 4.28)

1.00 (0.7, 1.30)
0.75 (0.56, 1.02)
0.43 (0.25, 0.76)
0.24 (0.10, 0.58)

0.99 (0.71, 1.38)
1.15 (0.91, 1.45)
1.43 (0.82, 2.51)
0.48 (0.28, 0.80)

1.65 (0.82, 3.31)
1.30 (0.60, 2.83)

1.24 (0.98, 1.56)
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Not interpretable *

Not interpretable *

2.31 (0.58, 9.26)
456 (1.07, 19.4)

1.84 (1.01, 3.35)
1.67 (0.68, 4.10)
479 (1.88,12.2)

2.60 (0.95, 7.13)
3.51 (1.37, 9.00)
2.58 (1.16, 5.76)
51.7 (7.92, 337.0)

0.64 (0.33, 1.24)
0.30 (0.11, 0.82)
0.21 (0.05, 0.91)
0.06 (0.00, 0.65)

1.21(0.53, 2.77)
1.15 (0.63, 2.12)
5.61 (2.16, 14.5)
0.20 (0.04. 1.04)

4.81(0.75, 31.0)
3.15(0.93, 10.7)

1.39 (0.64, 3.00)
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Characteristic

Prevalence Odds Ratio (95% CI)

Black (n = 6,657)

Coloured (n = 2,482)

Middle Tertile
Poorest Tertile

Municipality Segregation (Theil H)
No Segregation (0) to Maximum Measured Segregation in South Africa (0.55)

Municipality Diversity (Entropy)

No Entropy (0) to Maximum Measured Entropy in South Africa (1.22)

Enumeration Area Geography Type
Rural (Reference)
Urban Formal

Urban Informal

1.19 (0.86, 1.65)
1.24 (0.86, 1.79)

1.95 (1.15, 3.32)

0.42 (0.22, 0.81)

1.11 (0.8, 1.52)
1.54 (1.09, 2.17)

0.83 (0.29. 2.40)
0.83 (0.25, 2.73)

0.54 (0.09, 3.13)

0.16 (0.02, 1.43)

0.95 (0.41, 2.18)
3.21(0.96, 10.7)

*
Not interpretable as a single number, but results can be viewed in Supplementary Figure 1.
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