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Abstract

Background: Robust population size estimates of female sex workers and other key populations in South Africa face multiple
methodological limitations, including inconsistencies in surveillance and programmatic indicators. This has, consequently,
challenged the appropriate allocation of resources and benchmark-setting necessary to an effective HIV response. A 2013-2014
integrated biological and behavioral surveillance (IBBS) survey from South Africa showed alarmingly high HIV prevalence
among female sex workers in South Africa’s three largest cities of Johannesburg (71.8%), Cape Town (39.7%), and eThekwini
(53.5%). The survey also included several multiplier-based population size estimation methods.

Objective: The objective of our study was to present the selected population size estimation methods used in an IBBS survey
and the subsequent participatory process used to estimate the number of female sex workers in three South African cities.

Methods: In 2013-2014, we used respondent-driven sampling to recruit independent samples of female sex workers for IBBS
surveys in Johannesburg, Cape Town, and eThekwini. We embedded multiple multiplier-based population size estimation methods
into the survey, from which investigators calculated weighted estimates and ranges of population size estimates for each city’s
female sex worker population. Following data analysis, investigators consulted civil society stakeholders to present survey results
and size estimates and facilitated stakeholder vetting of individual estimates to arrive at consensus point estimates with upper
and lower plausibility bounds.

Results: In total, 764, 650, and 766 female sex workers participated in the survey in Johannesburg, Cape Town, and eThekwini,
respectively. For size estimation, investigators calculated preliminary point estimates as the median of the multiple estimation
methods embedded in the IBBS survey and presented these to a civil society-convened stakeholder group. Stakeholders vetted
all estimates in light of other data points, including programmatic experience, ensuring inclusion only of plausible point estimates
in median calculation. After vetting, stakeholders adopted three consensus point estimates with plausible ranges: Johannesburg
7697 (5000-10,895); Cape Town 6500 (4579-9000); eThekwini 9323 (4000-10,000).
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Conclusions: Using several population size estimates methods embedded in an IBBS survey and a participatory stakeholder
consensus process, the South Africa Health Monitoring Survey produced female sex worker size estimates representing
approximately 0.48%, 0.49%, and 0.77% of the adult female population in Johannesburg, Cape Town, and eThekwini, respectively.
In data-sparse environments, stakeholder engagement and consensus is critical to vetting of multiple empirically based size
estimates procedures to ensure adoption and utilization of data-informed size estimates for coordinated national and subnational
benchmarking. It also has the potential to increase coherence in national and key population-specific HIV responses and to
decrease the likelihood of duplicative and wasteful resource allocation. We recommend building cooperative and productive
academic-civil society partnerships around estimates and other strategic information dissemination and sharing to facilitate the
incorporation of additional data as it becomes available, as these additional data points may minimize the impact of the known
and unknown biases inherent in any single, investigator-calculated method.

(JMIR Public Health Surveill 2018;4(3):e10188) doi: 10.2196/10188
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Introduction

Female sex workers (FSWs) have long been recognized as a
key population at a high risk for HIV infection [1,2]. In the
context of a generalized HIV epidemic in South Africa,
individual and structural factors such as poverty, stigma,
discrimination, and criminalization of sex work contribute to
FSWs’ vulnerability to HIV and complicate efforts to control
the HIV epidemic in the sex worker population [3]. Although
South Africa still criminalizes sex work, FSW populations are
a visible, mobilized, and economically significant population
across the country, including the major metropolitan areas that
are centers of industrial and trade-based employment, provincial
cities and towns, and rural areas, particularly those traversed
by the country’s well-developed national highway network that
links Atlantic and Indian Ocean port cities to the South African
interior as well as the landlocked countries to South Africa’s
north [4]. FSWs work in diverse settings, including along major
transport routes, at public venues such as urban street corners,
parks, bars, and taverns, as well as in more closed spaces such
as private homes, where they mainly interact with clients using
social media platforms [4].

HIV surveillance data, including population size estimates
(PSEs) on the South African FSW population, are limited.
Studies conducted in the 1990s and 2000s observed that as many
as half of all sampled sex workers were HIV positive, but these
studies did not include PSEs [5,6]; recent South African
initiatives aimed to meet the HIV needs of key populations,
including those sponsored by the US President’s Emergency
Plan for AIDS Relief (PEPFAR) and the Global Fund to Fight
AIDS, Tuberculosis and Malaria (the Global Fund), have
highlighted the need for reliable, methodologically rigorous
PSEs for key populations generally and FSWs in particular. In
2013, fieldwork undertaken by the South African National AIDS
Council (SANAC) and sponsored by the Global Fund estimated
that there were roughly 150,000 FSWs in South Africa or nearly
1% of the adult female population aged 15-49 years [7]. Despite
the explicit inclusion of FSWs in South Africa’s national HIV
strategic plans since at least 2007, prior to 2016, these efforts
had not been informed by rigorously collected surveillance or
survey data to quantify HIV treatment or biomedical prevention
for the FSW population.

In 2013-2014, in partnership with South Africa’s National
Department of Health (NDOH) and SANAC, PEPFAR and the
US Centers for Disease Control and Prevention (CDC)
sponsored a collaboration between the University of California
San Francisco, Anova Health Institute, and the Wits
Reproductive Health and HIV Institute to conduct the South
Africa Health Monitoring Survey (SAHMS), an integrated
biological and behavioral surveillance (IBBS) survey, in South
Africa’s three largest cities of Johannesburg, Cape Town, and
eThekwini. The SAHMS aimed to estimate HIV prevalence
and associated risk, prevention, and health-seeking behaviors
among FSWs as well as to estimate the size of the FSW
population in each of the three metropolitan areas. HIV
prevalence and behavioral results have been reported elsewhere
[2]. Briefly, we estimated that 71.8% (95% CI 56.5-81.2) of
FSWs in Johannesburg, 39.7% (95% CI 30.1-49.8) in Cape
Town, and 53.5% (95% CI 37.5-65.6) in eThekwini were HIV
infected. Among HIV-positive FSWs, only 26.9% in
Johannesburg, 23.6% in Cape Town, and 35.3% in eThekwini
were on antiretroviral treatment.

As there is no “gold standard” for estimating the size of key
populations, we adapted CDC-recommended best practices [8]
by integrating multiple multiplier-based methods of estimating
the size of the FSW population at each site into the IBBS
surveys and by engaging in a participatory process to achieve
stakeholder consensus PSEs. In this paper, we have described
these survey methods, PSE methods and results, and the
consensus process through which FSW stakeholders adopted
PSEs and plausible ranges (PRs) for purposes of strategic
planning, policy making, advocacy, and programming.

Methods

Sample Size and Precision
The SAHMS was a cross-sectional HIV bio-behavioral
surveillance study with a target sample size of 500 FSWs in
each city. We used respondent-driven sampling (RDS) methods
[9-12] that have been subsequently adapted for key populations
HIV surveillance and population size estimation purposes
[13-19]. We have described elsewhere how RDS recruitment
operated in the SAHMS [2]. Briefly, each city’s sample was
recruited independently of the others’. Recruitment of each
sample began with 1-3 seeds identified by stakeholders and
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study staff during pre-IBBS formative assessment; each seed
recruited up to 3 additional FSWs from their social and
professional networks, who recruited up to 3 additional FSWs,
and so on in Markov chains, as shown in Table 1.

The study procedures consisted of a behavioral survey and
biological testing for HIV. All participants who wanted to know
their HIV status were offered rapid HIV testing services (HTS).
Eligible candidates were those who were born biologically
female; aged 16 years or older; had exchanged sex for money
with someone other than a primary partner in the previous 30
days; and had lived, worked, or socialized in the urban area
where they were recruited for the previous 6 months.
Participants provided written informed consent for study
procedures and separate written informed consent for rapid HTS
(per South African guidelines). HIV-positive FSWs were
referred to FSW-competent, nonstigmatizing clinical care.
Survey data collection commenced in July 2013 and concluded
in February 2014.

Laboratory and statistical analyses of biological and behavioral
survey data followed the Strengthening the Reporting of
Observational Studies in Epidemiology RDS guidelines [20],
and the full description of laboratory methods has been provided
in the SAHMS final report [2]. In the next sections, we have
described the background and methodological approach to each
population size estimation method.

Wisdom of the Crowds
The theoretical assumption of “wisdom of the crowds” (WOTC)
asserts that a reasonable estimate of the size of a population
may be derived from aggregating responses from survey
participants [21]. The SAHMS included the following question:
“Approximately how many other women who have sex for
money do you think live in and around [survey city]?” To
improve response reliability, the question was asked twice within
the survey. The final estimate was reached by taking the average
of the two median estimates and ranges.

Unique Object Multiplier
The unique object multiplier is a 2-step method commonly used
in conducting population size estimation of key populations.
The first step involves distributing unique, memorable objects
in advance of the survey throughout the study area to the
members of the population of interest. The objects were
determined through stakeholder consultation in each city. In
eThekwini, lavender-colored bracelets were distributed, while
compact make-up kits were used in Johannesburg and Cape
Town. In each city, study staff and stakeholder volunteers
distributed objects to FSWs throughout the study area a few
weeks prior to survey launch, varying days and times in order
to achieve the largest distribution.

To avoid distribution biases and errors in the first step of this
process, we relied on the advice of individual volunteers and
staff who were familiar with the local FSWs, or who were
themselves local FSWs, to minimize the possibility that
individuals would receive multiple objects or that objects would
be distributed to nonpopulation members. The numbers of
objects distributed at a particular time and geographic area (eg,

street intersection, brothel) were recorded and varied to ensure
that different individuals and subpopulations would be
encountered in each object distribution event. Finally, with each
brief interaction, staff screened women to verify their FSW
status and whether they had previously received the object.

The second step was an item in the survey instrument: “In the
previous 6 months, did you receive an object, like the one I am
showing you now?” with the interviewer holding up an example
of the object distributed. The proportion of survey respondents
who answered “yes” to the question was used to calculate the
RDS-adjusted size estimate for this method. The calculation
used for this method was N=n/p; where “N” is the PSE, “n” the
number of objects distributed in the population, and “p” the
proportion of participants who reported receiving an object in
the survey.

Unique Event Multiplier
The 2-step principles and calculation for the unique event
multiplier are similar to the unique object. In the first step, in
advance of the survey launch in each city, staff and stakeholders
sponsored a memorable launch event, with the theme and name
of the event determined through stakeholder input in each city
and the event publicized through FSW stakeholders and social
networks. Staff and stakeholders counted each woman who
entered the event and screened all women to confirm FSW
status. Each count was recorded; discrepancies between counters
were resolved through discussion until a count deemed to be
reasonable was arrived at by all counters. In the second step,
survey participants were asked if they attended the event, with
the event identified by its name and date. To calculate an
RDS-adjusted PSE, we used the previously mentioned formula
N=n/p: here “n” is the number in attendance at the event and
“p” the proportion of the survey sample who reported having
attended the event.

Service Multiplier
In this 2-step process, staff first obtained de-duplicated counts
of FSWs who utilized any clinical HIV or community-based
service (eg, HIV testing, attendance at an advocacy workshop)
from partnering stakeholder organizations between January 1
and June 16, 2013. In Johannesburg, these were visits to Esselen
Street Clinic, a clinic operated by clinical staff at the Wits
Reproductive Health and HIV Institute, where the visiting
population primarily comprises sex workers; in Cape Town and
eThekwini, these were either having attended a “Creative Space”
advocacy workshop organized by the Sex Worker Education
and Advocacy Taskforce or having received HTS through the
TB/HIV Care Association, who provide mobile testing to FSWs.
In the second step, the survey asked participants whether they
had received the particular service between January 1 and June
16 (with January 1 referenced as “New Year’s Day” and June
16 as “Youth Day,” a South African public holiday and,
therefore, a salient recall endpoint). With the same N=n/p
multiplier formula; here “n” is the number of de-duplicated
FSWs reported by the service provider and “p” is the proportion
of participants who reported receiving services from the given
provider.
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Table 1. Respondent-driven sampling sample size and recruitment statistics for three samples of female sex workers in South Africa.

Mean network sizeTotal wavesWaves to equilibriumSeedsSample sizeSite

20.671775764Johannesburg

16.9829106650Cape Town

11.401663766eThekwini

Calculation of Preliminary Population Size Point
Estimates
Study investigators calculated a point estimate for the FSW
population in each city that was the median of a plausible range
of individual point estimates derived from the sources described
above. Investigators excluded point estimates as implausible in
calculating the median if they were outside of an obvious range
of reasonableness—for example, a preliminary point estimate
could not be less than the survey sample size in each city, or it
would suggest that more than half the adult female population
were engaged in sex work. The investigators adopted the median
of the plausible estimates as the preliminary PSE, with the
largest reasonable point estimate as an upper plausibility bound
and the lowest reasonable point estimate as the lower plausibility
bound.

Modified Delphi Process and Adoption of Consensus
Population Size Estimates
Using this range of estimates, investigators then invited input
on the preliminary PSEs, including their a priori exclusion of
implausible results, from a stakeholder committee following a
consensus process described by colleagues in the San Francisco
Department of Public Health [22] and previously implemented
in Tanzania [23] and Ghana [24]. The study investigators
convened a meeting with stakeholders who were familiar with
the three FSW populations to present the preliminary PSEs and
associated upper and lower plausible bounds. The stakeholder
group included representatives of NDOH, civil society human
rights advocacy and health services organizations represented
on the SANAC, and other academic experts. The PSE and crude
data were distributed to stakeholders in advance of an in-person
stakeholder meeting.

At this meeting, investigators reviewed all the individual PSE
methods outlined above, discussed the variation between and
limitations of each method, and identified their a priori
implausible estimates. Upon achieving consensus on the
plausible range of PSEs, the investigators calculated preliminary
median PSEs and upper and lower plausible bounds. Preliminary
PSEs were also compared with census data from 2011 to
back-calculate the proportion of the adult female population
engaging in sex work in each city to demonstrate where the
estimate lay within a range of reasonableness, including
comparison to other PSE studies and assumptions from other
contexts. In this case, the group considered PSEs derived from
a 2013 national rapid assessment of the sex worker population
commissioned by SANAC and presented by Konstant et al [7]
to assess whether the preliminary median PSEs and PRs were
sensitive to the previous results. (Briefly, the rapid assessment’s
multimethod approach consisted of mapping and enumeration,
interviews with sex workers, focus group consultations with
key informants, and fieldwork counts conducted by stakeholder

fieldworkers. Results were reported as counts and proportions
of the adult female population aged above 15 years.

Finally, the investigators facilitated a stakeholder group
discussion to compare the preliminary median PSEs and
plausibility ranges against stakeholders’ own experiences of
engagement with the FSW population through existing
prevention or treatment programs. This process provided the
opportunity to reconsider any point estimates that investigators
had excluded a priori. At the conclusion of the meeting, the
group was invited to reject, amend and recalculate, or adopt the
preliminary PSEs as consensus PSEs.

Data Analysis
We calculated HIV prevalence and other uni- and bivariable
proportions using the RDS Analysis Tool version 7.1.46 and
the SPSS version 23.0. Each sample’s results were analyzed,
weighted, and reported independently of the others. We
estimated the size of the FSW population in each city following
best practices that recommend multiple methods and “multiple
multipliers” [8] and following a 2-phase data triangulation and
consensus-based process.

Results

Sampling or Recruitment
We recruited 2180 FSWs across the three sites. In Johannesburg,
recruitment began in August 2013 and continued for 25 weeks,
recruiting a total of 764 women through 5 seeds. The Cape
Town site launched in July 2013 and was open for 28 weeks,
with a final sample of 650 through 6 seeds. The eThekwini
study site began recruiting participants in September 2013 and
was operational for 22 weeks, with 766 women included in the
final sample recruited through 3 seeds.

PSEs for each city and the survey counts on which they are
based, for example, the count of participants in the survey who
recalled receiving the unique object, have been listed by
estimation method in Table 2. In Johannesburg, the WOTC
produced the lowest estimate at 3000 FSWs (range 3000-3500)
and was ultimately deemed implausibly low by consensus and
excluded from calculation of the median. The unique object had
the highest estimate at 10,895 FSWs (95% CI 582-25,018). The
unique event produced an estimate of 4500 FSWs (95% CI
272-not applicable). The service multiplier result was deemed
an unreasonably low estimate as it produced an estimate equal
to the survey sample size. Previously published literature has
estimated the Johannesburg FSW population at 10,894 [7].

In Cape Town also, WOTC produced the lowest point estimate
at 1500 FSWs (range 1000-1750) and unique object the highest
at 23,750 FSWs (95% CI 783-59,375). This value was deemed
outside the range of plausibility by stakeholder consensus and
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was excluded from calculation of the median. The unique event
multiplier result was 7500 FSWs (95% CI 1380-37,500). The
two service multiplier results in Cape Town were 4579 FSWs
(95% CI 3153-6869) and 2551 FSWs (95% CI 1708-3585).
Previously published literature has estimated the Cape Town
FSW population at 7351 [7].

In eThekwini, the WOTC estimate was 4000 FSWs (range
3000-5000). The unique object multiplier result was 11,200
FSWs (95% CI 326-34,000). The unique event resulted in an
estimate of 747 FSWs. However, this estimate was judged to
be highly implausible since it was well below the de-duplicated
data provided by service providers and, therefore, excluded
from the final analysis. This is very likely attributable to a
misunderstanding regarding the unique event attendance
question among eThekwini survey participants. The two service
multiplier estimates were 12,840 FSWs (95% CI 7379-33,879)
and 9323 FSWs (95% CI 5255-17,515). Prior literature has
estimated the FSW population in this city at 6145 [7].

The Modified Delphi consensus process meeting with
stakeholders endorsed the investigator recommendations on
preliminary point estimates (median of all estimates), resulting
in the exclusion of unreasonable results from calculating the
median. In Cape Town, WOTC was dismissed as implausible
based on program data and expert opinion. The point estimate
became the median of the remaining estimates, rounded up.
Stakeholders were given the option of accepting the highest and
lowest plausible estimate as the PR; in Cape Town and
eThekwini, they relied on expert opinion to round the upper
boundary down.

Population Size
Table 2 presents preliminary and consensus PSEs and PR results,
including the proportion of the adult female population
represented by the consensus PSEs and PRs. We have included
Konstant et al’s results to demonstrate the sensitivity of the
IBBS-derived consensus PSEs to previous estimates [7].

Table 2. Consensus population size estimates of South African female sex workers (FSWs) in the South Africa Health Monitoring Study 2013-2014.

Plausible results, range (%)Final estimate,

n (%)a
Point estimate, N

(95% CI or range)

Sample proportion, pFSW count, nCity and method

Johannesburg

5000-10,895 (0.31-0.69)7697 (0.48)

3000cN/AN/AbWisdom of the crowds

10,895 (582-25,018)0.1241351Unique object

4500 (272-N/A)0.00627Unique event

765c0.341261Service multiplier

10,894N/AN/ALiterature

Cape Town

4579-9000 (0.35-0.69)6500 (0.49)

1500cN/AN/AWisdom of the crowds

23,750c0.04950Unique object

7500 (1380-37,500)0.0175Unique event

4579 (3153-6869)0.126577Service multiplier 1

2551 (1708-3585)0.156398Service multiplier 2

7351N/AN/ALiterature

eThekwini

4000-10,000 (0.33-0.83)9323 (0.77)

4000 (3000-5000)N/AN/AWisdom of the crowds

11,200 (326-34,000)0.075952Unique object

747c0.08556Unique event

12,840 (7379-33,879)0.05642Service multiplier 1

9323 (5255-17,515)0.062578Service multiplier 2

6145N/AN/ALiterature

a% adult female population.
bN/A: not applicable.
cImplausible estimate not used in the calculation of median preliminary population size estimate.
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Discussion

Principal Results
The SAHMS study, and the PSEs derived from it, fill a critical
strategic information gap by providing conservative yet robust
PSEs of FSWs in South Africa’s three largest cities of
Johannesburg, Cape Town, and eThekwini, producing point
estimates of 7697, 6500, and 9323, respectively.

Strengths
This study is, to our knowledge, the first published study of its
kind for South Africa where the incorporation of stakeholder
consensus into the analysis of IBBS data was an integral
component of the population size estimation methodology.
Indeed, the service multiplier methods could not be implemented
without significant stakeholder engagement, and stakeholder
endorsement of the PSE results as plausible is critical to the
PSEs’ utility. In this case, stakeholder endorsement of these
PSEs was critical to NDOH and SANAC developing, launching,
and costing the National Sex Worker HIV Plan 2016-2019 [25]
as well as setting realistic and data-informed FSW prevention
and treatment targets for South Africa’s HIV/STI National
Strategic Plan 2017-2022 [26]. While these planning processes
were entirely independent of SAHMS data collection or its PSE
processes, stakeholders’ decision that surveillance data and
PSEs were reliable enough to inform strategic planning was
only possible because they were meaningfully and consistently
engaged with the data collection and interpretation process.

Comparison With Prior Work
The estimates derived from our methodology in these cities are
largely consistent with 2013 estimates by Konstant et al, derived
from different methodologies [7]. While stakeholders
acknowledged that the PSEs appeared to be lower than they had
expected (a result also reported by Konstant et al), stakeholders
were persuaded to rely on these results as they were based upon
empirical methodologies that were consistently and transparently
applied to the IBBS PSE data. Thus, these consensus PSEs were
acknowledged by stakeholders to be data informed and usable
for their purposes of programmatic planning and benchmarking.

Limitations
We are aware that the major critique and limitation of the
individual methods we used, as well as the consensus process
through which final PSEs were calculated and adopted, are that
the methods and process are subject to significant and frequently
unmeasurable biases, making it difficult to impossible to assess
PSE accuracy and subjects’ precision to subjective biases. In
fact, we substantially agree and would contend that while greater
accuracy is of course a goal, it is unlikely to be achieved through
a single method with enough rigor to achieve scientific
consensus on bias and accuracy anytime soon. The virtue of the
individual PSE methods and the consensus process described
in this paper lies in their utility to public health planning and
action. Individually, the multiplier methods that we selected for
inclusion in the SAHMS are available, easy to implement,
rigorous enough to be reproducible, and—critically—transparent
in their limitations and are generally easily understood by
stakeholders. Moreover, numbers that do not align with

stakeholder opinion or experience are not likely to be adopted
or utilized, which essentially throws good money after bad.
None of this should be interpreted as our endorsement of
methodological sloppiness or indiscriminate guessing; it is
simply a recognition that lives are at stake and avoidable
infection, illness, and death should be prioritized over
methodological debates in the meantime.

These FSW PSEs are also subject to several methodological
and implementation-related limitations. As discussed previously,
reasonable people may disagree on whether the results are
accurate or precise enough, and we acknowledge that there is
no empirical way to validate consensus point PSEs. Nearly
every step in the process is vulnerable to biases introduced
through both random and human error; as facilitators of the
consensus process, investigators have a duty to be ruthlessly
and transparently skeptical of all results in light of other
available evidence and stakeholder experience so that reversion
to the mean of empirically collected and analyzed data is
privileged over indiscriminate guessing. In particular, we are
aware of the emerging consensus in the scientific community
that Delphi methods such as WOTC have become less necessary
or desirable to be included in multimethods comparisons. We
report it here only because it was a method considered by this
stakeholder group in 2016, and the purpose of this paper is to
describe stakeholder consensus methodology and the results
generated through it, more than to validate or invalidate any
individual PSE methodology. We are aware of the major
empirical limitations of similar Delphi methods; they have been
perhaps less robust than, for example, multiplier methods. We
substantially agree, and there may be enough, more empirical
and robust, methodologies now available that a recommendation
to exclude them in the future would not be unwarranted. This
said, we note that as implemented and analyzed in SAHMS,
WOTC produced the lowest point PSEs compared with the
capture-recapture multiplier methods, considered more
empirically based.

These consensus PSEs are primarily informed by point estimates
from the more empirically satisfying and theoretically
reproducible multiplier methods, yet we caution that even these
point estimates must be understood and qualified as being
subject to several biases embedded in these methods. For
example, it is not possible to independently validate that unique
object or event counts include only individuals who are true
population members. Additionally, given the requirement that
multiplier counts be independent of survey counts, even the
most rigorous implementation of multiplier and survey methods
cannot guarantee plausible results as demonstrated by Cape
Town’s object multiplier. Self-report bias may have been
introduced in multiplier methods relying on socially desirable
affirmative answers to questions about, for example, being in
possession of a make-up kit (object) or getting HIV tested in
the last 6 months (service). Additionally we observed relatively
low attendance at each of the three unique events, and in the
case of eThekwini, the number of attendees recaptured through
RDS recruitment produced an implausible result nearly equal
to the site’s achieved sample size (ie, ~100% recapture). For
all these reasons, it is advisable to discuss proposed multiplier
method procedures with the population during presurvey
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assessments such as phrasing of recapture survey questions to
avoid misunderstandings and biased responses. Furthermore, it
is important to monitor and document the implementation of
both sides of the capture-recapture methods carefully. In the
absence of these recommendations, it may otherwise not be
possible for investigators or stakeholders to make reasoned,
qualitative judgments about the plausibility of the individual
results or the range of preliminary PSE results.

Additionally, it is debatable as to whether venue-based
nonprobability and quasi-probability methods may provide more
reliable population size data for purposes of estimating unmet
HIV program needs; in particular, Rao et al’s [27] side-by-side
comparison of the advantages and limitations of RDS with
venue-based nonprobability sampling provides critical
perspective on clearly defining a target population, if assessing
unmet service delivery needs for service delivery is among the
intended outcomes or uses of PSE data. We acknowledge the
potential advantages of such methods particularly in
resource-limited settings, especially because strategic
information-gathering resources are finite and increasingly
constrained, but we believe that currently, even in a human
rights-protecting legal environment such as South Africa’s,
stigma and discrimination, as well as sex workers’well-founded
fears of legal jeopardy and human rights violations by law
enforcement (sex work itself remains criminalized), may prevent
some FSWs (and other key populations members) with
substantial unmet needs from being visible at selected, relatively
public hotspots where they might be systematically enumerated.
Similarly, nonservice delivery venues where FSWs are likely
to be enumerated (eg, brothels, the internet) may be more
difficult for investigators to access than for RDS recruitment
to penetrate. The chief advantage of RDS with key
populations—that it relies on network ties within a population
to populate the sample—requires that it be implemented with
substantial baseline knowledge of the population’s
characteristics and needs. Here stakeholder perspectives are
critical to informing investigators’perspectives, and population
members may also properly be considered stakeholders in a
consensus process, even if they are not sitting in a conference
room with service provider and other types of stakeholders,
whose perspectives may inherently be biased toward those who
are countable and have already been reached. In this sense,
failure to demonstrate substantial network transition out of
service provider-related networks suggests either optimal service
coverage of the population (highly improbable in sex
work-criminalized environments) or methods-implementation
limitations that must be identified and acknowledged in analysis.

Successive sampling (SS)-PSEs are possible to calculate from
RDS data [28] and, on their face, may appear more

methodologically and empirically satisfying. We did not include
SS-PSEs here only because these have not been vetted by this
stakeholder group, and the participatory stakeholder process is
the subject of this paper as much as the estimates it produced.
We endorse SS-PSE’s inclusion in multiple-method comparisons
of future surveillance and population size estimation work in
South Africa and elsewhere. SAHMS II, which will be fielded
in 2018-19, will calculate SS point estimates and present these
for consideration by stakeholders for calculating a mean PSE
and reaching consensus PSEs. SS-PSE accuracy and precision
are dependent on well-monitored field implementation of RDS
and proper post-hoc accounting of bias in RDS recruitment data.
For this reason, we could not recommend reliance on any single
method and continue to endorse vetting and triangulation of
multiple empirical methodologies by stakeholders and technical
experts in a participatory process.

Lessons Learned
At the end of the day, a PSE has no inherent value unless it is
adopted and used consistently by all stakeholders in government,
civil society, and Global Health financing partners. Investigators
cannot hope to achieve anything like accuracy without the
granular knowledge that local stakeholders possess regarding
FSWs and similarly stigmatized and hidden key populations;
stakeholders cannot make this judgment of a PSE result unless
they judge the method of producing it to be reasonable,
transparent, and competently applied. Ultimately, our method
places great responsibility in the hands of technical advisors
who must navigate advocacy, service provider, and political
interests while privileging empirically derived data in weighing
what is and is not a reasonable result, even when this is
inconvenient. The authors hope to have ably discharged this
duty both in reporting these first consensus-based PSEs for
South African FSWs and in describing the process through
which the consensus was achieved. Because the identification
of a “gold standard” methodology that can consistently produce
a single, accurate result for key populations like FSWs continues
to elude us all, we recommend this approach that incorporates
multiple empirical methods into a “multiple multipliers”
comparison and facilitates participatory data triangulation to
achieve stakeholder consensus PSEs. Presently, HIV strategic
planning efforts in South Africa and throughout the world
involve costing of the proven but expensive biomedical
prevention and treatment technologies that are essential to
achieving real and lasting impact on the high-prevalence,
high-incidence epidemics experienced by FSWs and other key
populations. The experience of South Africa suggests that these
consensus PSEs have provided a necessary and useful baseline
from which to launch an evidence-informed assault to end key
populations’ HIV epidemics.

Acknowledgments
This research has been supported by PEPFAR through the US Department of Health and Human Services and the US Centers
for Disease Control and Prevention South Africa Country Office (CDC-South Africa) under the terms of Cooperative Agreement
#U2GGH000251. Scientific responsibility for these results rests solely with the authors, and the results do not necessarily represent
any official views of the CDC or any other US Government agency. We also gratefully acknowledge the South African National
AIDS Council for convening the Key Populations Stakeholder Group of 37 individual stakeholders from 15 different civil society
organizations who provided their experience-informed advice and consensus to report the PSEs presented here.

JMIR Public Health Surveill 2018 | vol. 4 | iss. 3 | e10188 | p. 7http://publichealth.jmir.org/2018/3/e10188/
(page number not for citation purposes)

Grasso et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Authors' Contributions
MAG, AEM, and TL performed the analysis and interpretation and drafted the manuscript. All the other authors reviewed,
commented, and issued the final approval of the version to be published. MS is an independent consultant (Johannesburg, South
Africa).

Conflicts of Interest
None declared.

References

1. Makhakhe NF, Lane T, McIntyre J, Struthers H. Sexual transactions between long distance truck drivers and female sex
workers in South Africa. Glob Health Action 2017;10(1):1346164 [FREE Full text] [doi: 10.1080/16549716.2017.1346164]
[Medline: 28764585]

2. UCSF, Anova HI, WRHI. San Francisco: UCSF. 2015. South African Health Monitoring Study (SAHMS), Final Report:
The Integrated Biological and Behavioural Survey among Female Sex Workers, South Africa 2013-2014 URL: https:/
/tinyurl.com/ych64xtf [accessed 2018-02-14] [WebCite Cache ID 6xEDHdg56]

3. Dunkle KL, Jewkes RK, Brown HC, Gray GE, McIntryre JA, Harlow SD. Transactional sex among women in Soweto,
South Africa: prevalence, risk factors and association with HIV infection. Soc Sci Med 2004 Oct;59(8):1581-1592. [doi:
10.1016/j.socscimed.2004.02.003] [Medline: 15279917]

4. Richter M. Characteristics, sexual behaviour and access to health care services for sex workers in South Africa and Kenya.
Doctoral Thesis submitted to the Faculty of Medicine and Health Sciences, Ghent University 2013 [FREE Full text]

5. Dunkle KL, Beksinska ME, Rees VH, Ballard RC, Htun Y, Wilson ML. Risk factors for HIV infection among sex workers
in Johannesburg, South Africa. Int J STD AIDS 2005 Mar;16(3):256-261. [doi: 10.1258/0956462053420220] [Medline:
15829029]

6. Connolly CA, Ramjee G, Sturm AW, Abdool KSS. Incidence of Sexually Transmitted Infections among HIV-positive sex
workers in KwaZulu-Natal, South Africa. Sex Transm Dis 2002 Nov;29(11):721-724. [Medline: 12438911]

7. Konstant TL, Rangasami J, Stacey MJ, Stewart ML, Nogoduka C. Estimating the number of sex workers in South Africa:
rapid population size estimation. AIDS Behav 2015 Feb;19 Suppl 1:S3-15. [doi: 10.1007/s10461-014-0981-y] [Medline:
25582921]

8. Abdul-Quader AS, Baughman AL, Hladik W. Estimating the size of key populations: current status and future possibilities.
Curr Opin HIV AIDS 2014 Mar;9(2):107-114. [doi: 10.1097/COH.0000000000000041] [Medline: 24393694]

9. Salganik MJ, Heckathorn DD. Sampling and Estimation in Hidden Populations Using Respondent-Driven Sampling.
Sociological Methodology 2016 Jun 24;34(1):193-240 [FREE Full text] [doi: 10.1111/j.0081-1750.2004.00152.x]

10. Magnani R, Sabin K, Saidel T, Heckathorn D. Review of sampling hard-to-reach and hidden populations for HIV surveillance.
AIDS 2005 May;19 Suppl 2:S67-S72. [Medline: 15930843]

11. Abdul-Quader AS, Heckathorn DD, Sabin K, Saidel T. Implementation and analysis of respondent driven sampling: lessons
learned from the field. J Urban Health 2006 Nov;83(6 Suppl):i1-i5 [FREE Full text] [doi: 10.1007/s11524-006-9108-8]
[Medline: 17058119]

12. Malekinejad M, Johnston LG, Kendall C, Kerr LRFS, Rifkin MR, Rutherford GW. Using respondent-driven sampling
methodology for HIV biological and behavioral surveillance in international settings: a systematic review. AIDS Behav
2008 Jul;12(4 Suppl):S105-S130. [doi: 10.1007/s10461-008-9421-1] [Medline: 18561018]

13. Uusküla A, Johnston LG, Raag M, Trummal A, Talu A, Des JDC. Evaluating recruitment among female sex workers and
injecting drug users at risk for HIV using respondent-driven sampling in Estonia. J Urban Health 2010 Mar;87(2):304-317
[FREE Full text] [doi: 10.1007/s11524-009-9427-7] [Medline: 20131018]

14. Paquette D, Bryant J, de WJ. Respondent-driven sampling and the recruitment of people with small injecting networks.
AIDS Behav 2012 May;16(4):890-899. [doi: 10.1007/s10461-011-0032-x] [Medline: 21874352]

15. Johnston LG, Sabin K, Mai TH, Pham TH. Assessment of respondent driven sampling for recruiting female sex workers
in two Vietnamese cities: reaching the unseen sex worker. J Urban Health 2006 Nov;83(6 Suppl):i16-i28 [FREE Full text]
[doi: 10.1007/s11524-006-9099-5] [Medline: 17031567]

16. Johnston LG, Sabin K. Sampling Hard-to-Reach Populations with Respondent Driven Sampling. Methodological Innovations
Online 2010 Aug 01;5(2):38.1-3848. [doi: 10.4256/mio.2010.0017]

17. Odek WO, Githuka GN, Avery L, Njoroge PK, Kasonde L, Gorgens M, et al. Estimating the size of the female sex worker
population in Kenya to inform HIV prevention programming. PLoS One 2014;9(3):e89180 [FREE Full text] [doi:
10.1371/journal.pone.0089180] [Medline: 24595029]

18. Johnston LG, McLaughlin KR, El RH, Latifi A, Toufik A, Bennani A, et al. Estimating the Size of Hidden Populations
Using Respondent-driven Sampling Data: Case Examples from Morocco. Epidemiology 2015 Nov;26(6):846-852 [FREE
Full text] [doi: 10.1097/EDE.0000000000000362] [Medline: 26258908]

19. Johnston LG, Prybylski D, Raymond HF, Mirzazadeh A, Manopaiboon C, McFarland W. Incorporating the service multiplier
method in respondent-driven sampling surveys to estimate the size of hidden and hard-to-reach populations: case studies

JMIR Public Health Surveill 2018 | vol. 4 | iss. 3 | e10188 | p. 8http://publichealth.jmir.org/2018/3/e10188/
(page number not for citation purposes)

Grasso et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://europepmc.org/abstract/MED/28764585
http://dx.doi.org/10.1080/16549716.2017.1346164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28764585&dopt=Abstract
https://tinyurl.com/ych64xtf
https://tinyurl.com/ych64xtf
http://www.webcitation.org/

                                            6xEDHdg56
http://dx.doi.org/10.1016/j.socscimed.2004.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15279917&dopt=Abstract
http://icrhb.org/sites/default/files/PhD%20thesis%20Marlise%20Richter%209%20june%202013%20monograph%20final.pdf
http://dx.doi.org/10.1258/0956462053420220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829029&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12438911&dopt=Abstract
http://dx.doi.org/10.1007/s10461-014-0981-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25582921&dopt=Abstract
http://dx.doi.org/10.1097/COH.0000000000000041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24393694&dopt=Abstract
http://journals.sagepub.com/doi/pdf/10.1111/j.0081-1750.2004.00152.x
http://dx.doi.org/10.1111/j.0081-1750.2004.00152.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15930843&dopt=Abstract
http://europepmc.org/abstract/MED/17058119
http://dx.doi.org/10.1007/s11524-006-9108-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17058119&dopt=Abstract
http://dx.doi.org/10.1007/s10461-008-9421-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18561018&dopt=Abstract
http://europepmc.org/abstract/MED/20131018
http://dx.doi.org/10.1007/s11524-009-9427-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20131018&dopt=Abstract
http://dx.doi.org/10.1007/s10461-011-0032-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21874352&dopt=Abstract
http://europepmc.org/abstract/MED/17031567
http://dx.doi.org/10.1007/s11524-006-9099-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17031567&dopt=Abstract
http://dx.doi.org/10.4256/mio.2010.0017
http://dx.plos.org/10.1371/journal.pone.0089180
http://dx.doi.org/10.1371/journal.pone.0089180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24595029&dopt=Abstract
http://europepmc.org/abstract/MED/26258908
http://europepmc.org/abstract/MED/26258908
http://dx.doi.org/10.1097/EDE.0000000000000362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26258908&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


from around the world. Sex Transm Dis 2013 Apr;40(4):304-310. [doi: 10.1097/OLQ.0b013e31827fd650] [Medline:
23486495]

20. White RG, Hakim AJ, Salganik MJ, Spiller MW, Johnston LG, Kerr L, et al. Strengthening the Reporting of Observational
Studies in Epidemiology for respondent-driven sampling studies: “STROBE-RDS” statement. J Clin Epidemiol 2015
Dec;68(12):1463-1471 [FREE Full text] [doi: 10.1016/j.jclinepi.2015.04.002] [Medline: 26112433]

21. Lorenz J, Rauhut H, Schweitzer F, Helbing D. How social influence can undermine the wisdom of crowd effect. Proc Natl
Acad Sci U S A 2011 May 31;108(22):9020-9025 [FREE Full text] [doi: 10.1073/pnas.1008636108] [Medline: 21576485]

22. Raymond HF, Bereknyei S, Berglas N, Hunter J, Ojeda N, McFarland W. Estimating population size, HIV prevalence and
HIV incidence among men who have sex with men: a case example of synthesising multiple empirical data sources and
methods in San Francisco. Sex Transm Infect 2013 Aug;89(5):383-387. [doi: 10.1136/sextrans-2012-050675] [Medline:
23620133]

23. Khalid FJ, Hamad FM, Othman AA, Khatib AM, Mohamed S, Ali AK, et al. Estimating the number of people who inject
drugs, female sex workers, and men who have sex with men, Unguja Island, Zanzibar: results and synthesis of multiple
methods. AIDS Behav 2014 Jan;18 Suppl 1:S25-S31. [doi: 10.1007/s10461-013-0517-x] [Medline: 23709254]

24. Quaye S, Fisher RH, Atuahene K, Amenyah R, Aberle-Grasse J, McFarland W, Ghana Men Study Group. Critique and
lessons learned from using multiple methods to estimate population size of men who have sex with men in Ghana. AIDS
Behav 2015 Feb;19 Suppl 1:S16-S23. [doi: 10.1007/s10461-014-0943-4] [Medline: 25704987]

25. South African National AIDS Council. The South African National Sex Worker HIV Plan, 2016-2019 URL: http://sanac.
org.za/wp-content/uploads/2016/03/South-African-National-Sex-Worker-HIV-Plan-2016-2019-FINAL-Launch-Copy....pdf
[accessed 2018-02-14] [WebCite Cache ID 6xED2FaMk]

26. South African National AIDS Council. 2017. South Africa's National Strategic Plan on HIV URL: http://www.gov.za/sites/
www.gov.za/files/nsp [accessed 2018-02-14] [WebCite Cache ID 6xECmiQ4z]

27. Rao A, Stahlman S, Hargreaves J, Weir S, Edwards J, Rice B, et al. Sampling Key Populations for HIV Surveillance:
Results From Eight Cross-Sectional Studies Using Respondent-Driven Sampling and Venue-Based Snowball Sampling.
JMIR Public Health Surveill 2017 Dec 20;3(4):e72 [FREE Full text] [doi: 10.2196/publichealth.8116] [Medline: 29054832]

28. Handcock MS, Gile KJ, Mar CM. Estimating hidden population size using Respondent-Driven Sampling data. Electron J
Stat 2014;8(1):1491-1521 [FREE Full text] [doi: 10.1214/14-EJS923] [Medline: 26180577]

Abbreviations
CDC: US Centers for Disease Control and Prevention
FSW: female sex worker
HTS: HIV testing services
IBBS: integrated biological and behavioral surveillance
NDOH: National Department of Health
PEPFAR: President’s Emergency Plan for AIDS Relief
PR: plausible range
PSE: population size estimate
RDS: respondent-driven sampling
SAHMS: South Africa Health Monitoring Survey
SANAC: South African National AIDS Council
SS: successive sampling
WOTC: wisdom of the crowds

Edited by J Neal; submitted 26.02.18; peer-reviewed by W Hladik, T Saidel; comments to author 28.03.18; revised version received
21.05.18; accepted 11.06.18; published 07.08.18

Please cite as:
Grasso MA, Manyuchi AE, Sibanyoni M, Marr A, Osmand T, Isdahl Z, Struthers H, McIntyre JA, Venter F, Rees HV, Lane T
Estimating the Population Size of Female Sex Workers in Three South African Cities: Results and Recommendations From the
2013-2014 South Africa Health Monitoring Survey and Stakeholder Consensus
JMIR Public Health Surveill 2018;4(3):e10188
URL: http://publichealth.jmir.org/2018/3/e10188/
doi: 10.2196/10188
PMID: 30087089

JMIR Public Health Surveill 2018 | vol. 4 | iss. 3 | e10188 | p. 9http://publichealth.jmir.org/2018/3/e10188/
(page number not for citation purposes)

Grasso et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://dx.doi.org/10.1097/OLQ.0b013e31827fd650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23486495&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0895-4356(15)00171-7
http://dx.doi.org/10.1016/j.jclinepi.2015.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26112433&dopt=Abstract
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=21576485
http://dx.doi.org/10.1073/pnas.1008636108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21576485&dopt=Abstract
http://dx.doi.org/10.1136/sextrans-2012-050675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23620133&dopt=Abstract
http://dx.doi.org/10.1007/s10461-013-0517-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23709254&dopt=Abstract
http://dx.doi.org/10.1007/s10461-014-0943-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25704987&dopt=Abstract
http://sanac.org.za/wp-content/uploads/2016/03/South-African-National-Sex-Worker-HIV-Plan-2016-2019-FINAL-Launch-Copy....pdf
http://sanac.org.za/wp-content/uploads/2016/03/South-African-National-Sex-Worker-HIV-Plan-2016-2019-FINAL-Launch-Copy....pdf
http://www.webcitation.org/

                                            6xED2FaMk
http://www.gov.za/sites/www.gov.za/files/nsp
http://www.gov.za/sites/www.gov.za/files/nsp
http://www.webcitation.org/

                                            6xECmiQ4z
http://publichealth.jmir.org/2017/4/e72/
http://dx.doi.org/10.2196/publichealth.8116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29054832&dopt=Abstract
http://europepmc.org/abstract/MED/26180577
http://dx.doi.org/10.1214/14-EJS923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26180577&dopt=Abstract
http://publichealth.jmir.org/2018/3/e10188/
http://dx.doi.org/10.2196/10188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30087089&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Michael A Grasso, Albert E Manyuchi, Maria Sibanyoni, Alex Marr, Tom Osmand, Zachary Isdahl, Helen Struthers, James A
McIntyre, Francois Venter, Helen V Rees, Tim Lane. Originally published in JMIR Public Health and Surveillance
(http://publichealth.jmir.org), 07.08.2018. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Public Health and Surveillance, is properly cited. The complete
bibliographic information, a link to the original publication on http://publichealth.jmir.org, as well as this copyright and license
information must be included.

JMIR Public Health Surveill 2018 | vol. 4 | iss. 3 | e10188 | p. 10http://publichealth.jmir.org/2018/3/e10188/
(page number not for citation purposes)

Grasso et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

