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Abstract

Background: HIV prevalence differs by more than an order of magnitude between South Africa’s racial groups. Comparing
the sexual behaviors and other risk factors for HIV transmission between the different races may shed light on the
determinants of South Africa’s generalized HIV epidemic.

Methods: Five nationally representative and one city-representative population-based surveys of sexual behavior were used
to assess the extent to which various risk factors co-varied with HIV prevalence by race in South Africa.

Results: In 2004, the prevalence of HIV was 0.5%, 1%, 3.2% and 19.9% in 15-49 year old whites, Indians, coloureds and blacks
respectively. The risk factors which co-varied with HIV prevalence by race in the six surveys were age of sexual debut (in five out
of five surveys for men and three out of six surveys for women), age gap (zero surveys in men and three in women), mean
number of sex partners in the previous year (five surveys in men and three in women) and concurrent partnerships (five surveys
in men and one in women). Condom usage and circumcision were both more prevalent in the high HIV prevalence groups. The
reported prevalence of concurrency was 6 to 17 times higher in the black as opposed to the white men in the five surveys.

Conclusions: The differences in sexual behavior in general, and the prevalence of concurrency and the number of sexual
partners in particular, offer a plausible and parsimonious cause to explain a part of the differing prevalences of HIV between
South Africa’s racial groups.
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Introduction 1998 South Africa Demographic Health Survey (DHS) was a 2-
) stage sample in which South Africa’s 9 provinces were stratified
In 2004 adult HIV prevalence varied by a factor of 40 between into urban and nonurban groups. It was designed to be

South Africa’s racial groups — 0.5%, 1%, 3.2% and 19.9% in 15—
49 year old whites, Indians, coloureds and blacks respectively [1].
Since these populations are exposed to the same circulating HIV
subtypes, the most plausible explanatory factors for this variation
are differences in sexual behavior, barrier contraception usage,
circumcision prevalence, host genetic susceptibility and the
prevalence of other STIs. Only one published study has
investigated the extent to which these risk factors could explain
HIV’s differential spread by race in South Africa [2]. This study
found that network-level sexual behaviors were the most plausible
cause but it was limited by being based on a dataset that was only
representative of 14-22 year olds from the city of Cape Town. In
this study we use the data from five nationally representative adult
and youth surveys in addition to the same youth survey from Cape
Town to evaluate the extent to which each of these risk factors co-
varies with HIV prevalence by racial group.

representative for the 9 provinces, urban versus rural areas and
the four major racial groups. The survey was conducted on 11735
15- to 49-year-old women. Although men were included as a
further sample, they were not asked questions pertaining to sexual
behavior. The overall response rate was 92.3%. The point
prevalence of concurrency was derived from the question: “Do
you currently have a regular sexual partner, an occasional sexual
partner, or no sexual partner at all?”’ Individuals’ responses were
coded into four categories: “regular sexual partner, two or more
regular partners, occasional sexual partner and no sexual partner.”
The individuals coded as having two or more regular partners
were classified as concurrents and all others as non-concurrents.

The 2003 DHS used a similar two-stage sampling methodology
to sample 7966 1549 year old women. In addition, a smaller
number of households were sampled to recruit 3930 men of the
same age. The overall response rates for the women and men were
74.7% and 67.8% respectively.

In the first South African National HIV Prevalence, HIV

The methodologies of the six surveys used have been described Incidence, Behavior and Communication Survey (2002 SABSSM),
in detail elsewhere but are summarized below [1,3,4,5,6,7]. The 9963 males and females aged 2 and above were sampled. The
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survey used a multi-stage stratified sampling approach. When
correctly weighted to account for the sampling design and HIV
testing non-response, the sample was representative of the
population in South Africa for the main reporting domains of
sex, age, race and province. The overall response rate was 74.0%.
Our data analysis was limited to the 7774 persons aged 15 to 49.

The second SABSSM (2005) survey used a broadly similar
sampling method to its predecessor. The survey had an overall
response rate of 80.7% and the sample consisted of 23275 persons
2 years old or older. We limited our analysis to the 13,884
individuals aged 15 to 49 years old.

The National Communication Survey (NCS) was a cross-
sectional survey that utilized a three-stage, stratified sampling
approach. The survey produced a nationally representative sample
of 9728 individuals aged 16 to 55 in 2009. The overall response
rate was 58%. We limited our analysis to the 9026 individuals aged
1649 years old. For further details of the methodology and
possible bias introduced by differential non-response see Johnson
et al. [4] For the DHS 2003, SABSSM 2002, SABSSM 2005 and
the NCS, the point prevalence of concurrency was defined
dichotomously based on the question — how many sexual partners
do you currently have. All individuals reporting two or more
current partners were coded as concurrents.

The Cape Area Panel Study (CAPS) was a representative
longitudinal study of adolescents, aged 14 to 22 (in 2002) living in
Cape Town, conducted in five waves. It used a two-stage
probability sample of households. Waves 3 and 5 included
modules on sexual activity. The response rate for whites was very
low in wave 5 and thus we elected to use wave 3. This wave was
conducted in 2005 and its overall response rate was 75%.
Respondent concurrency was measured via the question ‘Did you
have any other sexual partners during the time that you and
[partner number 1-10] were having a sexual relationship?’ If the
respondent indicated “definitely yes” to this question for any of
their previous ten sexual relationships they were coded as
concurrent. All the other individuals were coded as non-
concurrent. Concurrency was thus defined as the point-prevalence
of concurrency at the time of the survey for all the surveys except
for the CAPS where concurrency was defined as the cumulative
prevalence of concurrency. UNAIDS recommends the use of both
point- and cumulative-prevalence of concurrency in the evaluation
of concurrency [8]. It should be noted that the cumulative
prevalence of concurrency as measured by the CAPS would be
expected to be higher than the point-prevalence of concurrency as
measured by the other surveys.

The participants in each of these surveys were asked to self-
identify with one of four racial categories: black (African),
coloured, white and Indian. The term “coloured” is a common
and socially acceptable term in South Africa for individuals of
mixed race. This research involved secondary data analysis of six
surveys who had each received ethical committee clearance for
data analyses such as the one performed here [1,3,4,5,6,7]. All
data is aggregated to the level of communities and thus anonymity
is preserved. No specific ethics committee approval was necessary
for this study.

Statistical analyses

All analyses were made using STATA 12.0 (College Station,
TX). Allowance was made for the complex sampling strategies of
the six surveys using the survey (SVY) methodology.

This provided population-based prevalence estimates of behav-
iors. The analyses were stratified by gender. Pearson y? tests were
used to compare categorical variables and Student’s T-tests were
used to compare the means of continuous variables. All
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comparisons were limited to within survey comparisons. In all
cases the comparisons were between each racial group and the
black group — the group with the highest HIV prevalence. All tests
were performed at a significance level of 1.6% or 2.5% as a
Bonferroni correction for multiple comparisons - three in all the
surveys except CAPS where there were only two comparisons. All
individuals 1549 years old were included in the analyses for age
and sexual experience. For all the other variables the analyses were
restricted to those who had had sex.

Results

Demographics

For both men and women, the black group was significantly
younger than the other groups in each of the surveys except the
CAPS where the opposite was the case (see Tables 1,2 and
Figure 1). Where age differences occurred, they were generally less
than two years.

Sexual debut

Among men, the mean age of sexual debut was significantly
lower in the black group than in the white and Indian groups in all
the surveys. There was no significant difference between the
coloured and black groups in the 2003 DHS, 2002 and 2005
SABSSM. In the case of the CAPS and the NCS, the age of debut
for the coloureds was significantly later than that for the blacks but
carlier than that for the whites. For women, the age of sexual
debut was significantly lower in the black group than the other
groups in all the surveys with two exceptions. For the coloureds in
the 2003 DHS and the whites in the NCS, sexual debut occurred
at a non-significantly later age than the black women (P—0.07 and
0.05 respectively).

Sexual experience

In both sexes, the proportion of individuals who had
experienced sexual intercourse did not differ significantly between
the races, with three exceptions. Firstly in the CAPS, which was
the only survey limited to young persons, the proportion who had
had sex was significantly higher for the blacks than the other
groups. For women, 89.7% (95% Confidence Interval (CI), 86.7—
92.0) of blacks versus 59.9% (95% CI, 55.7-64.0) of coloureds and
57.4% (95% CI, 49.1-65.3) of whites had had sex. For men these
percentages were 86.2% (95% CI, 83.5-88.4) for blacks, 66.8%
(95% CI, 62.5-70.9) for coloureds and 49.5% (95% CI, 39.8-59.1)
for whites. The second exception was the significantly lower
proportion of Indian women reporting sexual experience. This was
the case for the 2003 DHS, the 2002 and 2005 SABSSMs and
there was a trend in this direction in the NCS (P-0.08). In only one
of the four surveys where this was assessed, did a significantly
lower proportion of Indian men report having had sex. This was in
the 2005 SABSSM. Thirdly, in the 1998 DHS, a significantly
higher percentage of the black women (88.5%, 95% CI, 87.5—
89.3) reported having had sex than the coloured, white and Indian
women (81.2%, 95% CI, 78.5-83.7; 80.6%, 95% CI, 76.4-84.3
and 75.2%, 95% CI, 71.1-78.9 respectively).

Partner age gap

For men, the coloured group had the highest prevalence of
partners five or more years older than the respondent. Although
absolute numbers were not high, in all three of the 15-49 year old
surveys with available data the coloured men had a significantly
higher prevalence of older partners than the black men. In the
CAPS there was no association found. Among women, the blacks
had the highest prevalence of older partners, excluding the 2003
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Figure 1. Prevalence of sexual behaviors, condom use and circumcision by race and sex in five South African surveys of 15-49 year
olds. Mean age of sexual debut (A,B), Age gap - the percentage of respondents with a partner five (ten in the case of DHS 2003) or more years older
than them (C,D), Mean number of sex partners in the past year (E,F), Percent of respondents who had more than one sex partner in the previous year
(G,H), Percentage respondents who used a condom at last sex (1,J), Percent respondents who reported concurrent relationships at the time of the
interview (KL), Percent of men who reported having been circumcised (M). Men and women represented in the left and right hand columns
respectively (Point estimates with 95% Confidence Intervals. AB and M refer to all respondents and C-L to those who have had sex). DHS
(Demographic and Health Survey) 1998 and 2003, SABSSM (South African National HIV Prevalence, HIV Incidence, Behavior and Communication

Survey) 2002 and 2005, NCS (National Communication Survey) 20009.
doi:10.1371/journal.pone.0064080.9001

DHS, where the whites had a non-significantly higher prevalence.
Prevalence in the black women was significantly higher than the
whites in the CAPS, the coloureds in the NCS and 2005 SABSSM
and all three other racial groups in the 2002 SABSSM.

Number of sex partners

For the men in all five surveys, the black group had the highest
proportion of individuals who had had more than one sexual
partner in the past 12 months. This proportion was significantly
higher than all other racial groups in all the surveys. The only
exceptions were in the case of the coloureds in the 2002 SABSSM
and the Indians in the NCS where the trends were in the same
direction but not statistically significant. In the five surveys, the
proportion of men with more than one sex partner varied from
three- to six-fold higher in the blacks than the other racial groups.
The black men also had a higher mean number of sexual partners
in the past 12 months than the other groups. The mean for the
black men was significantly elevated versus the whites in all the
surveys, significantly elevated versus the Indians in the 2002 and
2005 SABSSM and non-significantly in the NCS and 2003 DHS.
The mean for the coloured men was significantly lower than that
of the black men in the NCS and non-significantly lower in the
other surveys. In all the surveys the mean for the coloured men
was intermediate between that of the black and white men.

In the case of the women, there was little evidence of a
covariance between racial HIV prevalence and number of sexual
partners. The groups with the highest proportion of individuals
with more than one partner in the past year were the whites in the
CAPS, the coloureds in the NCS, both these groups in the 2005
SABSSM and the blacks in the 2002 SABSSM and the 1998 and
2003 DHSs. In all five surveys with data, the Indian women had a
significantly lower proportion with more than one partner than the
black women.

The CAPS was the only survey with data on the lifetime
number of sexual partners. There was no evidence of a variation
between race and this variable in this survey. In blacks, coloureds
and whites, the mean number of lifetime partners in this survey of
young persons was 2.9 (95% CI, 2.7-3.1), 2.7 (95% CI, 2.3-3.1)
and 2.6 (95% CI, 1.5-3.6) in men and 2.3 (95% CI, 2.2-2.4), 1.5
95% CI, 2.2-2.4) and 2.4 (95% CI, 2.2-2.4) in women,
respectively.

Concurrency

In the case of the men, the black group had higher self-reported
concurrency prevalences than the other groups in all five surveys.
The concurrency prevalence in the black group varied from 7 to
16 times higher than that of the whites in the different surveys. In
all the surveys the coloured men had an intermediate prevalence
of concurrency (between that of the whites and blacks). In the case
of the women, self-reported concurrency prevalences were highest
in the black group in all five surveys with available data, but this
relationship was only statistically significant in the CAPS. In the
CAPS, the cumulative concurrency prevalence in the black
women (15.9%, 95% CI, 13.4-18.7) was considerably higher
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than that for the coloureds (1.7%, 95% CI, 0.9-2.8%) and whites
(2.7%, 95% CI, 1.0-7.2). In the 1998 DHS, concurrency in those
who were married was higher in the blacks (7.5%, 95% CI, 6.4—
8.6) than the whites (4.1%, 95% CI, 2.5-6.4) and Indians (0.5%,
95% CI, 0.1-1.9) but not the coloureds (6.9%, 95% CI, 5.2-9.1).

Condom usage

Condom use at last sex was most prevalent amongst the black
group for both men and women. The only exceptions to this were
the women in CAPS and the men in the 2003 DHS where the
white groups had non-significantly higher condom usage rates
than the black groups.

Circumcision

The prevalence of self-reported circumcision was highest
amongst the black group in all three surveys that collected data
on this. Typically prevalences were more than twice as high
amongst the blacks than the other racial groups.

Discussion

Over 30 years into the HIV epidemic there is still little
consensus as to what drives the generalized HIV epidemics in sub-
Saharan Africa [9,10]. The large differences in HIV prevalence
between the various races in South Africa offer a useful standpoint
from which to investigate putative risk factors. South Africa has
conducted three nationally representative HIV serosurveys that
include 1549 years olds. In 2004, the HIV prevalence in 15-49
year olds was 19.9% (95% CI, 18.1-21.4) in blacks, 3.2% (95%
ClI, 2.1-4.3) in coloureds, 0.9% (95% CI, 0.08-1.7) in Indians and
0.5% (95% CI, 0.1-0.9) in whites. HIV prevalences by race vary
to a similar degree in the other two surveys conducted in 2001 [7]
and 2007 [11] as well as in a nationally representative sample of
15-24 year olds [12], a national survey of tertiary students [13], a
survey of company employees [14] and the country’s annual
antenatal surveys [15]. Controlling for various socioeconomic
variables makes little or no difference to the differences in HIV
prevalence by race [12,15,16]. An example is provided by a
multivariate analysis of the 2004 HIV survey. When education
and socioeconomic status are controlled for, being black remains
the strongest factor associated with testing HIV positive — the odds
ratios varying from 7.9 (95% CI, 4.3-14.5) to 8.7 (95% CI, 5.1—
14.8) in the men and women only models respectively [17].

There has only been one published study that has attempted to
systematically explore the risk factors which co-vary with HIV
prevalence by race in South Africa [2]. This study found that the
individual-level risk factors such as number of sex partners in the
last 12 months, condom usage and circumcision prevalence did
not co-vary with HIV prevalence by race. The prevalences of
partner and respondent concurrency, both network-level proper-
ties, were however found to differ considerably between the
different racial groups and to do so in a way which mirrored the
differences in HIV prevalence. This study was limited to 14-22
year olds in the city of Cape Town. The current study extends this
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analysis to include five nationally representative samples of 1549
year olds.

Its findings concur to some extent with the Cape Town study.
The Indian and white groups are both numerically small and have
similarly low HIV prevalences. If we consider them together as the
low HIV prevalence groups, then the risk factors which co-vary
with HIV prevalence by race in the six surveys are age of sexual
debut (in five out of five surveys for men and three out of six
surveys for women), age gap (zero surveys in men and three in
women), mean number of sex partners in the previous year (five
surveys in men and one in women) and respondent concurrency
(five surveys in men and one in women). Condom usage and
circumcision were both more prevalent in the high HIV
prevalence groups. There was little evidence of difference in the
prevalence of those who had had sex. The survey which
demonstrated the largest difference in this variable was the CAPS.
This was likely due to the fact that it was the only survey which
was limited to younger persons. In four of the five surveys where
people up to the age of 49 were included, there were no differences
in sexual experience.

Which of the co-varying risk factors could be responsible for the
large differential HIV spread by race? Age of sexual debut, by
itself, is an unlikely candidate. This is for a number of reasons,
including the fact that the age of sexual debut in the highest HIV
prevalence groups is higher than that in the very low prevalence
countries of the USA [18] and Western Europe [19].

A number of publications have argued that age-mixing plays a
significant role in HIV spread in sub-Saharan Africa [20,21,22].
Age-mixing, whilst of likely importance, cannot without an
interconnected sexual network result in a generalized HIV
epidemic. This is evident if we consider a hypothetical population
where there is an age gap of 10 years in all couples but the couples
practice exclusive lifetime monogamy. Purely sexually transmitted
infections cannot spread in this population despite extreme age-
mixing since STI spread depends on an interconnected sexual
network [23]. Factors such as age-mixing are, however, likely to
influence transmission across an interconnected network, partic-
ularly to new cohorts of younger persons [22,24]. The fact that, in
three out of five surveys of women, the prevalence of age-
discordant coupling co-varied with HIV prevalence may be
indicative of age-mixing having an influence on HIV prevalence.

This analysis finds evidence of a covariance between concur-
rency and HIV prevalence. Higher prevalences of sexual partner
concurrency have been shown to lead to exponential increases in
the degree of network connectivity and thereby the potential for
HIV transmission [25]. Although certain studies have not found
an association between HIV and concurrency [26,27], a number
of good modeling-based and empirical studies have shown that
concurrency prevalence covaries closely with HIV prevalence
inter- and intra-nationally [2,23,28,29] and that it is a key driver of
incident HIV at a partnership level in sub-Saharan Africa [30]. In
particular declines in concurrency have been shown to be
important in the rapid decline of HIV incidence in Zimbabwe,
Uganda and elsewhere [31,32]. Amongst the women, the
prevalence of concurrency was only higher in the blacks in one
of five surveys — the CAPS survey. Finding lower prevalence of
concurrency in women compared to men is a common result of
surveys in  Southern  Africa and  further  afield
[2,23,28,33,34,35,36]. This may reflect a combination of a lower
prevalence of concurrency [34] and a differential male-female
courtesy bias induced by the fact that concurrent partnering is
considerably more stigmatized for women than men in many
communities [37]. The importance of a courtesy bias in this regard
1s suggested by studies in Southern Africa that found that changes
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in the ways that surveys are conducted and the ways questions are
asked, can lead to a significant increase in the measured
prevalence of concurrency in women [33,38]. Even in the likely
scenario that women are less likely to have concurrent partners
than men, concurrency can still lead to extensive HIV spread in
women. This is for two main reasons. Firstly, at an individual level,
concurrency acts to increase the risk of HIV to the partners of the
individual engaging in concurrency rather than to the individual
him or herself [23,24,28]. Secondly, and most importantly,
concurrency’s major impact on HIV transmission operates by
connecting together a large proportion of the population into a
transmission pathway for HIV [28,36]. This is a network level
effect and thus would be experienced by all members of the
connected-network (both men and women).

The total number of sexual partners, though important, is less
likely to be a crucial factor for a number of reasons. Firstly, the
lifetime number of partners is no higher in sub-Saharan African
countries with generalized HIV epidemics than the USA [18] and
other low HIV prevalence countries [19,23]. Secondly, the
available evidence suggests that much of the higher number of
sexual partners in the past year amongst the black group
represents long-term concurrent partnering [2,23]. This is
supported by the fact that this analysis could find no evidence of
a difference in the total life-time number of partners between the
races.

Other comparative studies of sexual behavior in sub-Saharan
Africa have reached different conclusions. In a comparative study
of sexual behavior of 18-24 year olds in the USA and South
Africa, Pettifor et al, found that three out of four risk factors
assessed (age of sex-debut, lifetime number of sex partners and lack
of condom usage) were more prevalent in the USA (HIV
prevalence <1%) than South Africa (HIV prevalence 10.2%)
[18]. Only age-mixing was more prevalent among South African
women. Pettifor et al, reached the conclusion that ‘“unique
biological forces” must be important factors in explaining the
more extensive spread of HIV in South Africa. Of note, this study
did not assess differences in concurrency prevalence [39].

Limitations

There are a number of limitations that apply to this study. The
surveys used were based on interviews about sensitive topics which
were generally conducted in the respondents’ residences, often
with other individuals within listening distance. In addition some
of the surveys had low response rates. The data is thus susceptible
to a large number of biases such as courtesy, recall and non-
response biases. There is however little evidence that we are aware
of that there is a difference in sexual behaviour between those who
do and do not answer sexual behavior questionnaires [40]. This is
important as there was evidence of a differential response rate by
race in some of the surveys. This was most marked in the CAPS
where the Wave 3 response rates varied from 71% in the blacks to
57% in the whites. If responders varied from non-responders by
sexual behavior then this could confound our results. It is likely
that sensitive information such as the extent and type of multiple-
partnering is underreported, particularly among women [34].
There was however no evidence we could find of a differential bias
by racial, ethnic or national group in this or any other sexual
behavior topic. Since the comparisons were between racial groups
within each survey, this type of underreporting should not
invalidate our comparisons.

“It must be borne in mind that HIV prevalence at a point in
time represents the cumulative effect of behaviours over the
preceding decade and longer [41]. Differences in current HIV
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prevalence therefore reflect the cumulative effect of behaviours
over the preceding years. Behaviors may have changed over this
time and they may have changed in response to the HIV
epidemic. The surveys reviewed here, do however, span a
period from 1998-2009 and there is little evidence of a change
in the variance of the risk factors by race over this period. As an
example the only longitudinal study that we are aware of that
has reported changes in the prevalence of concurrency in South
Africa has found that the difference in concurrency prevalence
between black and coloureds has not changed between the times
it was measured (2005-2009) [42]. The clearest example of a
change is the increase in condom usage, which is likely a
response to the HIV epidemic [11]. If we compare condom use
at last sex between the earliest survey (DHS 1998) and the last
survey (NCS 2009), condom usage has increased in all groups.
The initial prevalence of condom usage in the black women (no
men were surveyed in 1998) was however higher (12.6%) than
the coloureds, whites and Indians (7.9, 9.6 and 6.5% respec-
tively). The black women were also the group with the greatest
absolute increase in condom usage — by 2009 the prevalence of
condom use at last sex was 41.2, 24.8, 19.1 and 20.6% for the
black, coloured, white and Indian women respectively. Neither
the 1998 nor the 2009 results are therefore compatible with the
thesis that differences in condom use are a key reason for
differences in racial HIV prevalence.”

The analysis is explicitly ecological in nature thus making any
inferences to the individual level inappropriate. The relationship
between race, concurrency and HIV prevalence may be
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confounded by other unmeasured variables. Biological differences
or differences in the prevalence in other risk factors for HIV
susceptibility and transmission such as bacterial vaginosis have
been put forward as explanations of racial differences in HIV
prevalence [43]. This study is unable to directly assess these
hypotheses. However, both in South Africa and the USA, the
racial groups with highest HIV prevalences also have higher
prevalences of the other major STIs [6,28,44]. It is more likely that
the raised STI prevalences in particular groups are due to the
behavioral risks (such as concurrency) which co-vary with the rates
of all the major STIs than that each STI has a biological
vulnerability associated with the same racial groups [28,44]. The
evidence presented here is that the differences in sexual behavior
in general, and the prevalence of multiple partnering in particular,
could explain, in a fairly parsimonious fashion, at least a part of
the large differences in HIV prevalence between South Africa’s
racial groups.

Acknowledgments

The authors would like to thank two anonymous reviewers for a number of
comments and suggestions that helped to improve the manuscript.

Author Contributions

Conceived and designed the experiments: CK RC JB. Analyzed the
data: CK. Wrote the paper: CK. Read and contributed to the final draft
of the paper: CK RC JB.

18. Pettifor AE, Levandowski BA, Macphail C, Miller WC, Tabor J, et al.
(2011) A tale of two countries: rethinking sexual risk for HIV among young
people in South Africa and the United States. ] Adolesc Health 49: 237-243
e231.

19. Wellings K, Collumbien M, Slaymaker E, Singh S, Hodges Z, et al. (2006)
Sexual behaviour in context: a global perspective. Lancet 368: 1706-1728.

20. Leclerc-Madlala S (2008) Age-disparate and intergenerational sex in southern
Africa: the dynamics of hypervulnerability. AIDS 22 Suppl 4: S17-25.

21. Smith MK (2002) Gender, poverty, and intergenerational vulnerability to HIV/
AIDS. Gender & Development 10: 63-70.

22. Gregson S, Nyamukapa CA, Garnett GP, Mason PR, Zhuwau T, et al. (2002)
Sexual mixing patterns and sex-differentials in teenage exposure to HIV
infection in rural Zimbabwe. Lancet 359: 1896-1903.

23. Morris M, Epstein H, Wawer M (2010) Timing is everything: international
variations in historical sexual partnership concurrency and HIV prevalence.
PLoS One 5: e14092.

24. Mah TL, Halperin DT (2010) Concurrent sexual partnerships and the HIV
epidemics in Africa: evidence to move forward. AIDS Behav 14: 11-16.

25. Morris M, Kretzschmar M (1997) Concurrent partnerships and the spread of
HIV. AIDS 11: 641-648.

26. Tanser F, Barnighausen T, Hund L, Garnett GP, McGrath N, et al. (2011)
Effect of concurrent sexual partnerships on rate of new HIV infections in a high-
prevalence, rural South African population: a cohort study. Lancet 378: 247
255.

27. Sawers L, Stillwaggon E (2010) Concurrent sexual partnerships do not explain
the HIV epidemics in Africa: a systematic review of the evidence. J Int AIDS Soc
13: 34.

28. Morris M, Kurth AE, Hamilton DT, Moody J, Wakefield S (2009) Concurrent
partnerships and HIV prevalence disparities by race: linking science and public
health practice. Am J Public Health 99: 1023-1031.

29. Kenyon C, Colebunders R (2012) Strong association between point-concurrency
and national peak HIV prevalence. Int J Infect Dis 16: €826-827.

30. Epstein H, Morris M (2011) Concurrent partnerships and HIV: an inconvenient
truth. J Int AIDS Soc 14: 13.

31. Kirby D (2008) Changes in sexual behaviour leading to the decline in the
prevalence of HIV in Uganda: confirmation from multiple sources of evidence.
Sex Transm Dis 84: 1i35-i41.

32. Halperin DT, Mugurungi O, Hallett TB, Muchini B, Campbell B, et al. (2011)
A surprising prevention success: why did the HIV epidemic decline in
Zimbabwe? PLoS Med 8: e1000414.

33. Gourvenec D, Kasper T (2009) Who's in your sexual network? Ways of asking
face-to-face quantitative questions on multiple concurrent partnerships. 5th IAS
Conference. Cape Town.

May 2013 | Volume 8 | Issue 5 | 64080



34.

36.

37.

38.

39.

40.

Glynn JR, Dube A, Kayuni N, Floyd S, Molesworth A, et al. (2012) Measuring
concurrency: an empirical study of different methods in a large population-based
survey and evaluation of the UNAIDS guidelines. AIDS 26: 977-985.

. Laumann EO (1994) The social organization of sexuality: Sexual practices in the

United States: University of Chicago Press.

Mah TL, Shelton JD (2011) Concurrency revisited: increasing and compelling
epidemiological evidence. J Int AIDS Soc 14: 33.

Leclerc-Madlala S (2009) Cultural scripts for multiple and concurrent
partnerships in southern Africa: why HIV prevention needs anthropology. Sex
Health 6: 103-110.

Helleringer S, Kohler HP, Kalilani-Phiri L, Mkandawire J, Armbruster B (2011)
The reliability of sexual partnership histories: implications for the measurement
of partnership concurrency during surveys. AIDS 25: 503-511.

Kenyon C, Boulle A, Colebunders R, Dlamini S, Johnson S (2012) A tale of two
epidemics within TWO countries. J Adolesc Health 50: 208-209; author reply
209-210.

Biggar RJ, Melbye M (1992) Responses to anonymous questionnaires
concerning sexual behavior: a method to examine potential biases. Am J Public
Health 82: 1506-1512.

PLOS ONE | www.plosone.org

41.

42.

44.

46.

HIV, Race and Multiple Partnering in South Africa

Kenyon C, Colebunders R, Voeten H, Lurie M (2013) Peak HIV prevalence: a
useful outcome variable for ecological studies. International Journal of Infectious
Diseases doi: 10.1016/j.1jid.2012.12.020.

Maughan-Brown B (2013) Concurrent sexual partnerships among young adults
in Cape Town, South Africa: How is concurrency changing? Sexual Health In
Press. In press.

. Koumans EH, Sternberg M, Bruce C, McQuillan G, Kendrick J, et al. (2007)

The prevalence of bacterial vaginosis in the United States, 2001-2004;
associations with symptoms, sexual behaviors, and reproductive health. Sex
Transm Dis 34: 864-869.

Kenyon C, Badri M (2010) The role of concurrent sexual relationships in the
spread of sexually transmitted infections in young South Africans. Southern
African Journal of HIV Medicine 10: 29-36.

. Maughan-Brown B (2012) Variation in concurrent sexual partnerships and

sexually transmitted diseases among African men in Cape Town, South Africa.
Sex Transm Dis 39: 537-542.

Maughan-Brown B, Venkataramani AS, Nattrass N, Seekings J, Whiteside AW
(2011) A cut above the rest: traditional male circumcision and HIV risk among Xhosa
men in Cape Town, South Africa. ] Acquir Immune Defic Syndr 58: 499-505.

May 2013 | Volume 8 | Issue 5 | 64080



