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Abstract

HIV prevalence among the general population in South Sudan, the world’s newest country,
is estimated at 2.9% and in Nimule, a town at the border with Uganda, it is estimated at
7.5%. However, there is limited data describing the HIV epidemic among female sex work-
ers and sexually exploited adolescents (FSW/SEA) in the country. This study was con-
ducted using a respondent-driven sampling (RDS) among FSW/SEA aged >15 years in
January-February 2017 who sold or exchanged sex in the last six months in Nimule. Con-
senting participants were administered a questionnaire and tested for HIV according to the
national algorithm. Syphilis testing was conducted using SD BIOLINE Syphilis 3.0 and
Rapid Plasma Reagin for confirmation. Data were analyzed in SAS and RDS-Analyst and
weighted results are presented. The 409 FSW/SEA patrticipants with a median age of 28
years (IQR 23-35) and a median age of 23 years (IQR 18-28) when they entered the world
of sex work, were enrolled in the Eagle survey. Nearly all (99.2%) FSW/SEA lacked compre-
hensive knowledge of HIV though almost half (48.5%) talked to a peer educator or outreach
worker about HIV in the last 30 days. More than half (55.3%) were previously tested for HIV.
Only 46.4% used a condom during their last vaginal or anal sexual act with a client. One in
five (19.8%) FSW/SEA experienced a condom breaking during vaginal or anal sex in the
last six months HIV prevalence was 24.0% (95% Cl: 19.4—28.5) and 9.2% (95% CI: 6.5—
11.9) had active syphilis. The multivariable analysis revealed the association between HIV
and active syphilis (aOR: 6.99, 95% Cl: 2.23-21.89). HIV and syphilis prevalence were
higher among FSW/SEA in Nimule than the general population in the country and Nimule.
Specifically, the HIV prevalence was eight times higher than the general population. Our
findings underscore the importance of providing HIV and syphilis testing for FSW/SEA in
conjunction with comprehensive combination prevention, including comprehensive HIV
information, promotion of condom use, and availing treatment services for both HIV and
syphilis.
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Introduction

Human Immunodeficiency Virus (HIV) infection rate is of public health importance in South
Sudan, the world’s newest nation. The HIV epidemic in South Sudan is generalized, with varia-
tions in prevalence and disease burden by age, population, and location [1]. In 2018, the Joint
United Nations Programme on HIV and AIDS (UNAIDS) Spectrum model estimated an
adult (15-49 years) HIV prevalence of 2.5%, ranging from 2.0% amongst adult males to 3.0%
amongst adult females [2]. According to the 2017 Antenatal Care (ANC) Sentinel Surveillance
Survey, HIV and syphilis prevalence amongst women attending ANC were 2.9% and 8.1%,
respectively. The prevalence of HIV was highest in the Western, Central, and Eastern Equa-
toria States, at 4.8%, 4.6%, and 3.6%, respectively [1]. HIV prevalence in Nimule was estimated
to be 7.5% in the general population [1].

Key populations in South Sudan, including female sex workers and sexually exploited adoles-
cents (FSW/SEA), are disproportionately affected by HIV. Little is known, and limited data
exist, about HIV infection among FSW/SEA in South Sudan. A 2016 study involving 850 FSW/
SEA participants in Juba found an HIV prevalence of 38%, with most of the FSW/SEA coming
from the neighboring countries of Uganda, Kenya, and the Democratic Republic of Congo [3].
Even in generalized epidemics, FSW/SEA are affected due to behavioral, social, and structural
factors [4-6]. The FSW/SEA are at increased risk of acquiring and transmitting HIV infection
and other sexually transmitted infections (STIs) due to their having multiple sexual partners,
increased likelihood of unprotected vaginal and anal sexual acts, and greater frequency of abuse
of alcohol and other substances [7-9]. In addition, factors such as stigma, harassment, violence,
marginalization, limited social support, lower education level, poverty, and mobility may impact
HIV acquisition or reduce HIV service uptake. [10,11]. In South Sudan, as in many other coun-
tries, sex work is illegal, and FSW/SEA face risk of arrests, extortion of money in exchange for
freedom from incarceration, and confiscation of condoms and antiretroviral drugs, as well as
the harassment of outreach workers, which poses serious implications for access to and utiliza-
tion of HIV prevention, care and treatment services by the FSW/SEA [12-14]. The Eagle Survey
was conducted to provide reliable data to guide HIV prevention efforts among the FSW/SEA in
South Sudan. Researchers for this study characterize FSW/SEA in Nimule for the first time and
describe the prevalence of HIV and syphilis in this population.

Methods
Study setting, population, and design

The Eagle Survey was conducted in Nimule, a South Sudanese town on the border of Uganda,
from January to February of 2017. Respondent-driven sampling (RDS) was used to recruit
FSW/SEA aged >15 years; who spoke English, Juba Arabic, or Kiswahili; received money,
goods, or services in exchange for sex in the past six months; and who resided, worked, or
socialized in Nimule for the past month. The RDS was identified as the best methodology for
recruitment of the FSW/SEA during formative assessment. General RDS methods have been
described by Heckathorn and used in in many countries including in United States, Europe,
Asia, Latin America and Africa[15-18].

Recruitment and data collection

At the beginning of the survey, 5 participants, or “seeds,” were recruited by investigators in
consultation with the FSW/SEA peer educators and enrolled in the survey. Seeds were purpo-
sively selected to be diverse according to their age, neighborhood of residence, and nationality.
All of the seeds were considered influential among their peers. In RDS, the survey participants
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recruit their peers, creating a form of “chain referral sampling.” Each chain referral forms a
wave related to a specific seed. For example, seeds completed the interview process and
received three coupons they could use to recruit peers (wavel). The recruits of wave one then
completed the interview process and recruited wave two, and so on. As the study progressed,
two additional seeds were recruited to include under-represented sub-groups, particularly
South Sudanese and FSW/SEA, who operated from their home.

Each participant received three coupons to recruit peers, condoms, transport refunds, and
compensation for participation (total of 250 South Sudanese Pounds-SSP, approximately $10
United States Dollars-USD). During the second visit, participants received 100 SSP for trans-
portation and 50 SSP for each successful peer enrollment (250 SSP total, approximately $10
USD maximum).

After screening for eligibility, each participant provided verbal (oral) informed consent and
underwent a face-to-face computer-assisted interview (Open Data Kit, Washington, US) at
Nimule hospital, inside the study site. Interview domains included: demographics, social cohe-
sion, stigma, HIV knowledge, sexual history, uptake of HIV and STT services, sexual and gen-
der-based violence, and history of STIs. The two-item Patient Health Questionnaire (PHQ-2)
was used to screen for depression and the Alcohol Use Disorders Identification Test for alcohol
disorders [19,20]. The UNAIDS definition of correctly answering three questions and rejecting
two myths regarding HIV was used for assessing comprehensive HIV knowledge [21].

Participants were offered pretest counseling before HIV testing. The HIV testing procedure
was done according to the national Ministry of Health (MOH) approved testing algorithm of
Determine HIV-1/2 (Alere Inc., MA, US) as the first test. Those showing a reaction were con-
firmed using Uni-Gold (Trinity Biotech, Ireland). Next, all HIV-positive participants had a
CD4 count done using the PIMA analyzer (Alere Inc., MA, US). Then, syphilis testing was
done using BIOLINE Syphilis 3.0, followed by the Rapid Plasma Reagin (RPR) test. Partici-
pants testing HIV positive were offered and initiated antiretroviral treatment (ART) at Nimule
hospital, and those testing positive for syphilis received treatment at the same hospital. Using
syndromic management of STTs, participants with symptoms suggestive of STIs were treated
as appropriate.

Data analysis

Data were analyzed using RDS Analyst version 0.62 (Los Angeles, CA, US) using Gile’s Succes-
sive Sampling Estimator and Statistical Analysis Software (SAS) version 13.2. Diagnostics were
conducted to assess the sample’s independence from seeds. Odds ratios (ORs) and 95% confi-
dence intervals (95% CI) were calculated for bivariate comparisons, and variables significant at
p<0.1 and those though not significant but plausible, were included in the multivariate model.
HIV infection was the primary endpoint of the analysis.

Ethical approval

The study received ethical approval from the South Sudan MOH Ethical Review Board and
was reviewed by CDC Science Integrity Branch and was conducted consistence with applicable
federal law and CDC policy (see 45 C.F.R. part 46; 21 C.F.R. part 56). CDC investigators did
not interact with human subjects or have access to identifiable data or specimens for research
purposes.

Results and discussion

In total, 409 FSW/SEA were recruited using seven seeds. The longest chain was 12 waves. The
median age of FSW/SEA was 28 years (IQR 23-35). Most were from Uganda (61.4%) and
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South Sudan (36.8%). Over half (53.0%) of FSW/SEA had no formal education, and 67.9%
could not read. One in four (24.7%) FSW/SEA were never married, while 71.6% were either
separated/divorced or widowed. Only 12.9% of FSW/SEA resided in Nimule for less than one
year. Mobility was evident in the Nimule FSW/SEA population. Nearly one-third (32.1%) trav-
eled out of Nimule in the past 12 months to sell sex and 29.1% indicated they were away from
home for more than one month in the past six months. More than half (57.8%) of FSW/SEA
did not sleep in the same place most nights. For nearly all (98.8%) FSW/SEA, sex work was
their main source of income. Approximately 33.0% earned 3000 SSP (approximately 100 USD)
or more monthly. According to the PHQ-2, 45.0% of FSW/SEA screened positive for depres-
sion, and based on the AUDIT-3 scale, 34.8% of FSW/SEA engaged in harmful drinking
behavior. Finally, about 36.1% reported they dried out or smoked their vagina “Table 1”.

The median age of initiation of sex work was 23 years (IQR 18-28). More than half (54.5%)
of FSW/SEA first engaged in sex work when they were between 15-24 years of age, with the
median time engaged in sex work being three years (IQR 2-5). An estimated 38.1% of FSW/
SEA had agents who helped them meet clients. Agents included Boda Boda (passenger motor-
cycle) drivers, hotel managers, receptionists, porters, and lodge and saloon owners. The major-
ity (88.6%) reported they would not stand up in defense of fellow FSW/SEA.

In the last six months, FSW/SEA in Nimule had a median of 7 (IQR: 2-15) main male sex
partners “T'able 2”. More than half (53.6%) of FSW/SEA did not use a condom at last vaginal
or anal sex with a cash client, and 19.8% had a condom break in the last six months. Most
(90.4%) did not use a lubricant during vaginal or anal sex in the last six months, with 73.6%
indicating they never heard of it while 14.9% indicated they do not like lubricants. Nearly all
(99.2%) FSW/SEA lacked comprehensive knowledge of HIV, although 73.5% believed vaginal
sex placed them at risk of HIV if a condom was not used “Table 2”.

FSW/SEA in Nimule had limited access to HIV prevention services, with 48.5% having
talked to the peer educator or outreach worker about HIV in the last 30 days. Only 19.7% indi-
cated talking with a peer educator or outreach worker about HIV between 31-90 days prior.
Nearly half of FSW/SEA (44.7%) were never tested for HIV. The most common reason for
never testing was not knowing where to test (50.0%). For those tested before, 66.7% were tested
in South Sudan, and 45.7% were tested in the last six months.

Thirty-five percent of FSW/SEA did not know where male condoms could be obtained.
Only one-third of FSW/SEA (33.3%) received free condoms in the past 12 months, with com-
munity health workers being the source of free condoms for 32.7% of those FSW/SEA. Only
13.5% reported experiencing STI symptoms in the last 12 months and 57.0% sought treatment.
Estimated HIV prevalence among FSW/SEA in Nimule was 24% (95% CI; 19.4-28.5), and
44% of those with HIV were unaware of their status. Forty-one percent of HIV-infected FSW/
SEA had a CD4 count below 500 cells/mm”. Ten percent of ESW/SEA were ever infected with
syphilis, while 9.2% (95% CI; 6.5-11.9) had active syphilis “Table 2” above.

In bivariate analysis, FSW/SEA ages 15-19 years were less likely to be living with HIV com-
pared to those age 20 years and above “Table 3”. Being non-South Sudanese, staying <1 year
in Nimule compared to a year or more, condom use during their last sex act with cash clients,
previously testing for HIV, previous HIV test in Uganda, and having active syphilis were asso-
ciated with HIV infection (p<0.001). In multivariable analysis, those with active syphilis were
seven times as likely to have HIV (95% CI: 2.2-21.9).

This survey, the first to estimate HIV and syphilis prevalence in this border town which
forms the land border between South Sudan and Uganda, reveals a high prevalence of HIV
and syphilis among FSW/SEA. The HIV prevalence among the FSW/SEA was eight times
higher than the general population [2]. This survey’s findings also reveal the importance of
integrating HIV and STT services for key populations given that FSW/SEA with active syphilis
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Table 3. Correlates of HIV infection among female sex workers /sexually exploited adolescents in Nimule, South Sudan, January-February 2017.

Variable Prevalence Bivariate Models Multivariate Model
% 95% CI OR 95% CI p-value AOR 95% CI p-value
Age, years
15-19 7.9 (0.0, 16.5) 0.25 (0.0, 0.5) <0.001 0.1 (0.0, 0.8) 0.01
20-24 12.6 (6.0,19.3) 0.3 (0.1,0.2) 0.3 (0.1,0.8)
25-29 36.5 (27.3,45.8) 1.0 Ref 1.0 Ref
30-34 34.9 (23.2,46.7) 0.9 (0.9, 1.8) 1.4 (0.5,4.2)
35-39 37.9 (25.4,50.4) 1.1 (0.6, 2.1) 2.2 (0.7, 6.8)
40+ 22.0 (10.5, 33.5) 0.5 (0.2,1.1) 1.0 (0.2,4.0)
Country of Birth
South Sudan 11.8 (7.7,15.9) 1.0 Ref <0.001 1.0 Ref 0.02
Uganda 46.7 (39.1, 54.3) 6.5 (4.0, 10.8) 5.9 (1.5, 22.6)
Other’ 50.0 (10.0, 90.0) 7.5 (1.4, 38.8) 26.5 0.7, —)
Literacy
Can Read 24.1 (17.1,31.2) 0.8 (0.5,1.3) 0.43
Cannot Read 27.7 (22.4,33.1) 1.0 Ref
Marital Status
Single, Never Married 18.1 (10.3, 25.9) 1.0 Ref 0.02 1.0 Ref 0.40
Married 50.0 (23.8,76.2) 4.5 (14, 14.6) 2.0 (0.3,13.3)
Separated, Divorced, or 28.0 (22.9, 33.18) 1.8 (1.0, 3.2) 0.7 (0.2,2.0)
Widowed
Monthly Income, SSP
<1,000 15.5 (7.1,23.9) 1.0 Ref 0.10 1.0 Ref 0.15
1,000-1,999 26.7 (18.2, 35.1) 2.0 (0.9,4.3) 1.1 (0.3, 4.0)
2,000-2,999 29.6 (20.6, 38.6) 2.3 (1.1, 5.0) 0.6 (0.2,2.3)
3,000+ 29.9 (22.1,37.6) 2.3 (1.1,4.9) 0.3 (0.1,1.2)
Sex Work Main Source of 26.3 (22.0, 30.6) 0.5 (0.1, 3.3) 0.51
Income (versus no)
Length of Stay in Nimule
<1 year 44.2 (30.7,57.7) 1.0 Ref <0.001 1.0 Ref 0.35
1-4 years 31.9 (25.3, 38.5) 0.6 (0.3,1.1) 0.8 (0.3,2.0)
5-9 years 10.1 (3.9,16.4) 0.1 (0.1,0.3) 0.2 (0.1,1.2)
10+ years 19.74 (10.8,28.7) 0.3 (0.1,0.7) 0.5 (0.1, 3.0)
Traveled Outside of 35.4 (27.2,43.6) 1.9 (1.2,23.0) 0.01 0.9 (0.4,2.0) 0.77
Nimule to Sell Sex in
Last 12 Months (versus no)
Away From Home More 29.1 (21.2,37.0) 1.2 (0.8,1.9) 0.43
Than 1 Month in the
Past 6 Months (versus no)
Sleep in the Same Place 25.7 (19.2,32.2) 0.9 (0.6, 1.5) 0.76
Most Nights (versus no)
Screened Positive for 23.6 (17.3,29.9) 0.8 (0.5,1.2) 0.28
Depression (versus no)
Harmful Drinking Behavior 30.7 (23.39, 38.1) 1.4 (0.9,2.2) 0.15
(versus no)
Dry or Smoke Out Vagina 24.8 (18.2,31.5) 0.9 (0.6, 1.4) 0.52
(versus no)
Time engaged in sex work
<1 year 14.3 (0.0, 32.6) 0.4 (0.1, 2.0) 0.67
1-2 years 26.9 (18.4, 35.5) 0.9 (0.5,1.)
3-4 years 25.4 (17.8, 33.0) 0.9 (0.5, 1.5)
(Continued)
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Table 3. (Continued)

Variable Prevalence Bivariate Models Multivariate Model
% 95% CI OR 95% CI p-value AOR 95% CI p-value
5+ years 28.2 (21.3,35.1) 1.0 Ref
Have agent‘k that helps meet 22.0 (15.6, 28.3) 0.7 (0.4,1.1) 0.09 0.9 (0.4,1.9) 0.79
clients (versus no)
Social cohesion with other 354 (21.9, 49.0) 1.6 (0.9, 3.1) 0.15
female sex workers® (versus
no)
Condom used at last sex act 38.2 (31.1,45.3) 32 (2.0,5.1) <0.001 2.2 (0.9,5.7) 0.09
with cash client (versus no)
Condom used at last 31.0 (25.2,36.7) 1.9 (1.2,3.1) 0.01 0.6 (0.2,2.0) 0.41
vaginal or anal sex act
(versus no)
Had a condom break during 35.6 (25.7, 45.5) 1.7 (1.0, 2.8) 0.04 0.8 (0.3,1.7) 0.52
vaginal or anal sex in the last
6 months (versus no)
Comprehensive knowledge 50.0 (1.0, 99.0) 2.8 (0.4, 20.1) 0.32
of HIV!I (versus not
knowledgeable)
Last time peer educator or
outreach worker talked to
about HIV
In last 3 months 394 (28.1,50.8) 2.3 (1.3, 4.0) 0.01 1.9 (0.8,4.4) 0.41
In the last 1 year 42.1 (19.9, 64.3) 2.6 (1.0, 6.7) 0.7 (0.1, 3.1)
More than 1 year ago 37.5 (13.8,61.2) 2.1 (0.8,6.1) 1.7 (0.4,7.6)
Never 21.9 (17.2,26.6) 1.0 Ref 1.0 Ref
Felt the need to hide sex 31.4 (18.6, 44.1) 1.2 (0.6, 2.3) 0.55
work when seeking
healthcare (versus no)
Experienced STT symptoms® 31.0 (19.1, 42.9) 1.3 (0.7,2.4) 0.41
in last 12 months (versus no)
Went to pharmacy to get 32.4 (16.634, 48.1) 1.6 (0.4, 3.6) 0.80
treatment for STT symptoms
(versus no)
Ever tested for HIV (versus 33.1 (27.0, 39.1) 2.3 (14,3.7) <0.001
no)
Country last HIV test was performed in
South Sudan 23.5 (16.7, 30.3) 1.0 Ref <0.001 1.0 Ref 0.27
Uganda 50.0 (39.3, 60.7) 3.2 (1.8,5.8) 16 (0.7, 4.0)
Active Syphilis Infection 65.0 (50.2, 79.8) 6.5 (3.3,13.1) <0.001 7.0 (2.2,21.9) <0.001
(versus no)

tOther includes Kenya and Democratic Republic of the Congo.

tAgents includes Boda Boda driver, hotel manager, reception person at hotel, hotel porter, lodge owner, saloon owner, another sex worker, family member, friend, and

other.

§Social cohesion includes negotiated with or stood up against police, a madam/broker/pimp, and any clients/any other sexual partner to help a fellow sex worker in the

past 12 months.

||Comprehensive knowledge of HIV is indicated by correctly answering all five questions per the UNAIDS definition.

¢STI symptoms include abnormal discharge from the vagina and an ulcer or sore on or near vagina.

https://doi.org/10.1371/journal.pone.0266795.t003

are seven times as likely as those without to have HIV. It This study also highlights the poten-
tial impact of coordinating services for FSW/SEA across borders. While most FSW/SEA stayed
in Nimule for more than one year, one in three sold sex outside of Nimule in the last six
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months, reflecting the population’s mobility [22]. Some of these women may have sold sex
across the border in Uganda, where HIV prevalence among the general population [23] is
higher than in Nimule. In addition, Nimule is a cosmopolitan town. Like other major cross-
border towns, Nimule has various ethnic groups and business activities with many truck driv-
ers making stopovers in this border town for clearance. The truck driver stopovers could be a
major contributing factor in the increased HIV infection and high prevalence rate [24].

More than half of the sex workers engaged in sex work when they were young and have
been in the business for a median of three years and the median number of clients they ser-
viced in the last six months was seven. This increases their exposure to the risk of HIV. Similar
findings exist in other sub-Saharan Africa regions [25-27] to Nimule, where more than half of
the FSW/SEA did not use condoms during their last sexual encounter or one in every five had
a condom break. The prevalence of condom rupture may be connected to FSW/SEA’s limited
access to lubricants and the practice of smoking out or drying out the vagina [28]. In addition,
nearly all the FSW/SEA in Nimule lacked comprehensive knowledge of HIV. Most FSW/SEA
were illiterate and had limited interaction with the outreach workers making it even harder for
FSW/SEA to access and utilize condoms and lubricants. This finding is consistent with other
studies done elsewhere in Rwanda, Uganda, Brazil, Kenya, Central African Republic [25,29-
32].

This study noted the strong correlation between HIV and syphilis through bivariate and
multivariate analysis. HIV and syphilis have a similar mode of transmission [25]. However, the
painless ulcerative and asymptomatic nature of syphilis among many women increases the risk
of HIV transmission, as documented elsewhere in sub-Saharan Africa [25,33-35].

Conclusions

The HIV and syphilis prevalence is high in Nimule, and syphilis infection is strongly associated
with HIV among the FSW/SEA in Nimule. This study underscores the importance of tailored,
comprehensive peer-to-peer interventions to integrate the identification of FSW/SEA with
HIV and syphilis prevention and control programs. Perhaps the use of recent dual HIV/syphi-
lis diagnostics/tests [36] could be considered to improve identification and prompt linkage of
FSW/SEA to care and treatment for both HIV and syphilis in conjunction with HIV combina-
tion prevention approaches including comprehensive, tailored HIV information and condom
use promotion [37]. In addition, there is a need for structured and well-defined cross-border
collaboration with Uganda to ensure the FSW/SEA can access these services on either side of
the border.

Access to Habash (Ethiopian and Eritrean) FSW/SEA, who mainly worked in a hotel set-
ting, was difficult due to the language barrier. In addition, the eligibility criteria may not allow
these findings to be generalized to FSW/SEA outside of Nimule. Lastly, given mobility of
FSW/SEA and the easy movement between residents of Nimule in South Sudan and Elegu in
Uganda, the FSW/SEA who could have been in Uganda at the time of this study could not
participate.
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