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Abstract
In cross-border areas of East Africa, sexual networks include partnerships across resident, migrant, and mobile populations, 
and risky behaviors can coincide with fragmented health services given the challenges of cross-border coordination. Among 
those most at risk are female sex workers (FSWs). We map HIV prevalence among FSWs in 14 cross-border areas, estimate 
associations between FSW characteristics and HIV and undiagnosed HIV, and estimate progress towards the UNAIDS 
90–90–90 targets. The 2016–2017 East Africa Cross-Border Integrated Health Study recruited 4040 women; 786 were 
classified as FSWs. Overall HIV prevalence among FSWs was 10.8% (95% CI 8.2%, 13.3%), though area-specific estimates 
varied considerably. Among FSWs living with HIV, 46.1% (95% CI 33.2%, 59.0%) knew their status, 80.6% (95% CI 66.3%, 
94.9%) of FSWs who knew their status were on ART, and 84.8% (95% CI 66.1%, 100.0%) of FSWs on ART were virally 
suppressed. Results indicate a need for expanded HIV testing.
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Introduction

Cross-border areas have been described as “spaces of vul-
nerability,” where the HIV response is complicated by inad-
equate health services and mixing of resident, migrant, and 
mobile populations in an environment conducive to higher 
risk behaviors [1]. High HIV prevalence and risk behaviors 
have been documented in cross-border areas of East Africa 
[2, 3], while health services in these spaces remain poor, 
despite improvements elsewhere in East African Commu-
nity Partner States [4]. In recognition of this disparity, there 

is a demand for information on HIV programming gaps to 
inform response strategies along regional transport corridors 
and waterways [1, 5].

The World Health Organization’s Guidelines for HIV 
Prevention, Diagnosis, Treatment and Care for Key Popula-
tions recommend that countries focus their HIV response 
on populations that are most vulnerable, have the highest 
prevalence of HIV, and are underserved [6]. In East Africa, 
female sex workers (FSWs) meet all three of these criteria. 
FSWs have been identified as a priority population for HIV 
prevention and care in the strategic plans of Uganda [7], 
Kenya [8], Rwanda [9], Tanzania [10], and the East African 
Community [11]. FSWs have an elevated risk of HIV due to 
behavioral, biological, and structural factors [12]; they have 
a considerably higher prevalence of HIV than the general 
population [13]; and their utilization of HIV-related ser-
vices is often obstructed by the criminalization of sex work, 
stigma, violence, and discrimination [6].

Estimates of HIV prevalence and engagement in HIV 
care among FSWs can inform service improvements for 
this population and potentially reduce HIV transmission 
in the region [14]. Published estimates of HIV prevalence 
among FSWs [13, 15–23] are mostly limited, however, 
to highly urbanized areas. Generalizability of these esti-
mates to FSWs in cross-border areas is uncertain. The HIV 
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treatment cascade among FSWs has also not been well 
described in the region [24, 25], including in cross-border 
areas.

In this study, we use data from a bio-behavioral cross-
sectional survey to describe HIV prevalence and other 
characteristics among FSWs, other women, and all women 
at public venues in 14 cross-border areas in Uganda, 
Kenya, Rwanda, and Tanzania. We also map HIV prev-
alence among FSWs by cross-border area. We estimate 
the HIV treatment cascade to identify areas of progress 
and unmet need among FSWs and other women living 
with HIV, and we evaluate progress towards the UNAIDS 
90–90–90 targets, which call for 90% of people living with 
HIV to be diagnosed, 90% of people diagnosed to be on 
antiretroviral therapy (ART), and 90% of people on ART 
to be virally suppressed by the year 2020 [26]. Finally, we 
estimate associations between socio-demographic charac-
teristics, sexual behaviors, and social vulnerability factors 
among FSWs and prevalent HIV and prevalent undiag-
nosed HIV.

Methods

Study Design and Participants

Between August 2016 and January 2017, we conducted a 
bio-behavioral survey for the East Africa Cross-Border Inte-
grated Health Study (CBIHS) to assess measures of health 
and access to health services among populations in 14 cross-
border areas in Uganda, Kenya, Rwanda, and Tanzania [27]. 
Cross-border areas were purposively selected by regional 
stakeholders, who targeted areas with significant cross-
border movement and trade, high STI prevalence, known 
gaps in health services, and presence of key and vulner-
able populations. The 14 selected areas included eight areas 
that surround overland border posts and six fishing villages 
that host cross-border trade. The selected areas were: Mal-
aba, Kenya/Uganda; Busia, Kenya/Uganda; Sio Port/Port 
Victoria, Kenya; Mbita landing site and Rusinga Island, 
Kenya; Muhuru Bay, Kenya; Isebania, Kenya/Sirare, Tan-
zania; Namanga, Kenya/Tanzania; Holili, Tanzania/Taveta, 
Kenya; Kirongwe, Tanzania; Mutukula, Uganda/Tanza-
nia; Kagitumba, Rwanda/Mirama Hills, Uganda; Katuna, 
Uganda/Gatuna, Rwanda; Kasenyi landing site, Uganda; 
and Majanji, Uganda.

The study protocol was approved by the institutional 
review boards of the University of North Carolina at Chapel 
Hill, Makerere University in Uganda, the Kenya Medical 
Research Institute, the Rwanda Military Hospital, and the 
National Institute for Medical Research in Tanzania. All 
study participants provided verbal informed consent.

Procedures

Following a mapping readiness assessment to assess 
acceptability of the study and mapping in cross border 
sites, the three-step Priorities for Local AIDS Control 
Efforts (PLACE) method [28] was used to sample and 
recruit participants at each cross-border area. In the first 
step, interviewers generated a list of public venues where 
people meet new sexual partners and where female sex 
workers, men who have sex with men, people who inject 
drugs, mobile populations, and other vulnerable groups 
socialize. Interviewers approached community informants 
according to targets for each of approximately 20 types of 
informants (e.g., taxi drivers, security guards, fisher folks, 
vendors). Targets were set at each area based on expecta-
tions of how knowledgeable potential types of community 
informants were about social interactions at local venues 
where people meet new sexual partners or where vulner-
able groups socialize. Following recruitment, commu-
nity informants were invited to list up to 10 such venues 
known to them. Up to 200 informants were interviewed 
at each area to generate an exhaustive list of venues. A 
list of unique venues was compiled from the community 
informant reports, and venues were sorted into four prior-
ity strata based on reported presence of key populations, 
on-site sexual activity, and the number of times a venue 
was reported. In the second step, interviewers visited listed 
venues to verify their existence and characterize the ven-
ues. If 100 or fewer venues were listed in a cross-border 
area, all venues were visited. Otherwise, interviewers vis-
ited a stratified random sample of 100 venues, oversam-
pling venues from higher priority strata.

In the third step, 40 of the verified and operational 
venues on the list were sampled for bio-behavioral inter-
views, again oversampling higher priority venues. At each 
venue, interviewers recruited a stratified random sample 
of respondents according to targets for male and female 
patrons and workers. Venue-level respondent targets 
were set proportional to venue size. Approximately 960 
respondents were recruited in each cross-border area, with 
the exceptions of Muhuru Bay, Kenya; Kirongwe, Tanza-
nia; Sio Port/Port Victoria, Kenya; and Majanji, Uganda 
where venue and respondent targets were halved due to 
initial plans to pool data from these areas.

Consenting respondents reported on their socio-demo-
graphic characteristics, health status, access to health 
services, and sexual and health-seeking behaviors. Most 
questions were completed face-to-face with an interviewer, 
though some sensitive questions were repeated in a self-
completed section wherein the interviewer dictated each 
question and the respondent selected an image corre-
sponding to their intended response. All participants were 



offered an on-site rapid HIV test and counseling. In each 
cross-border area, local health workers administered rapid 
HIV tests consistent with those in use at local public sector 
health facilities at the time of data collection. Respondents 
with a reactive test were linked to care and asked to pro-
vide dried blood spots (DBS) for HIV-1 RNA viral load 
testing. Viral load testing was performed in accordance 
with national guidelines in each country, and results were 
communicated back to the local health facilities. Respond-
ents who gave DBS were given a card with a unique identi-
fier and instructions for obtaining their viral load results.

Statistical Analysis

Sampling weights were estimated and used in all analyses 
to account for known differences in sampling probabilities 
among respondents. For results related to HIV prevalence 
and viral suppression, we also used inverse probability 
weights to account for missing data due to refusals of the 
HIV and viral load tests [29]. Details regarding estimation of 
the inverse probability weights are provided in the Supple-
mental Digital Content. The reweighted data represent the 
distribution of characteristics among women socializing at 
public venues across the 14 cross-border areas. All standard 
errors were estimated using Taylor series linearization to 
account for the complex survey design [30].

FSWs were defined at the analysis stage as adult women, 
ages 18 years or older, who reported that they had received 
money in exchange for sex in the preceding 12 months. 
We estimated the unweighted and weighted distributions 
of socio-demographic characteristics and HIV prevalence 
among FSWs and, for comparison, among all adult women 
and among adult women who reported never exchanging 
sex for money in the preceding 12 months. We estimated 
prevalence ratios to examine the association between sex 
work and prevalent HIV.

We estimated and mapped HIV prevalence among FSWs 
in each cross-border area where 20 or more FSWs partici-
pated in the on-site HIV testing. Because age was associ-
ated with prevalent HIV, we also estimated age-standardized 
prevalence for areas where 20 or more FSWs ages 20 to 
49 were tested. Estimates were standardized to the age dis-
tribution of women ages 20 to 49 years in eastern Africa 
[31] using, typically, 5-year age groups; sparse data were 
collapsed for women ages 40 to 49 years and, on an area-by-
area basis, across age groups where no FSWs were tested. 
We also calculated prevalence ratios to examine the associa-
tion between FSWs characteristics and prevalent HIV.

Finally, we estimated the HIV treatment cascade among 
FSWs, among women who did not exchange sex for money 
in the last 12 months, and among all women living with 
HIV. The HIV treatment cascade depicts the proportion of 
those with a reactive HIV test who knew their status, the 

proportion of those who knew their status who had ever 
received HIV care (were “linked to care”), the proportion 
of those linked to care who were on ART, and the proportion 
of those on ART who achieved viral suppression (defined 
as a viral load below 1,000 copies/mL). These results were 
also used to describe progress towards the 90–90–90 targets.

Analyses were conducted in SAS version 9.4 (SAS Insti-
tute; Cary, NC) and R version 4.0.5.

Results

Across the 14 cross-border areas, 11,567 patrons and work-
ers were approached for the bio-behavioral survey, and 
11,427 were eligible and consented to participate. Among 
the participants, 4182 (36.6%) were women, of whom 4040 
(96.6%) were adults ages 18 years or older. Among the adult 
women who participated in the survey, 786 met the study 
definition of a FSW, while 3224 reported that they did not 
exchange sex for money in the preceding 12 months, and 30 
(0.7%) did not provide sufficient information to be classified 
one way or the other. Of the adult women, 3725 (92.2%) 
participated in the on-site HIV test. Of the 786 women clas-
sified as FSWs, 715 (91.0%) participated in the HIV test, 
85 had a reactive HIV test result, and 73 provided a DBS 
sample with valid results. Of the 85 FSWs with reactive 
HIV test results, 37 reported their HIV-positive status in the 
bio-behavioral survey.

The unweighted and weighted distributions of socio-
demographic characteristics among the 786 FSWs and 
3224 other adult women in the study sample are presented 
in Table 1. The median age of FSWs was 25.0 (IQR 21.3, 
29.5) years. Less than 20% (18.8%; 95% CI 14.5%, 23.1%) of 
FSWs completed secondary school, 32.3% (95% CI 28.0%, 
36.6%) were married, and 39.3% (95% CI 34.6%, 44.0%) had 
been previously married but were not married at the time of 
the survey. Three-quarters (76.8%; 95% CI 71.9%, 81.7%) 
of FSWs visited venues where people drink, socialize, or 
meet new sexual partners at least once per week. The median 
ages at first sex and at first sex work among FSWs were 15.7 
(IQR 14.2, 17.5) and 19.2 (IQR 17.3, 22.4) years, respec-
tively. Over half (51.9%; 95% CI 46.5%, 57.2%) of FSWs 
used a condom at last sex with their main partner, while 
approximately two-thirds (65.5%; 95% CI 60.3%, 70.6%) 
used a condom with their last sex work client. In the three 
months before the survey, 13.6% (95% CI 10.3%, 17.0%) of 
FSWs experienced physical intimate partner violence, and 
10.7% (95% CI 8.1%, 13.3%) were forced to have sex against 
their will. As compared to women who reported that they 
did not participate in sex work, FSWs were less likely to be 
currently married and more likely to have been previously 
married. FSWs visited venues more often than other women, 
had less difficulty obtaining condoms, and were more likely 



Table 1  Characteristics of female sex workers and other women ages 18 and older at venues in the 2016–2017 East Africa Cross-Border Inte-
grated Health Study sample, and estimated distribution of population characteristics across 14 cross-border border areas

Characteristic Female sex workers
(N = 786)

Other women
(N = 3,224)

All women
(N = 4,182)

Unweighted 
sample

Weighted  populationa Unweighted 
sample

Weighted  populationa Weighted  populationa

n % % (95% CI) n % % (95% CI) % (95% CI)

Age group
 18–24 years 325 41.3 39.9 (34.1, 45.7) 1,177 36.5 35.6 (33.0, 38.1) 36.3 (33.8, 38.9)
 25–29 years 244 31.0 31.9 (26.2, 37.5) 705 21.9 22.0 (20.0, 24.0) 24.0 (21.9, 26.1)
 ≥ 30 years 217 27.6 28.2 (24.1, 32.3) 1,342 41.6 42.4 (39.8, 45.1) 39.7 (37.4, 41.9)

Educational attainment
 Less than secondary 629 80.0 81.2 (76.9, 85.5) 2,472 76.8 77.5 (75.3, 79.8) 78.2 (76.1, 80.4)
 Secondary or higher 157 20.0 18.8 (14.5, 23.1) 745 23.2 22.5 (20.2, 24.7) 21.8 (19.6, 23.9)

Employment status
 Not employed 187 23.9 22.5 (17.4, 27.5) 891 27.9 28.8 (25.5, 32.0) 27.5 (24.4, 30.5)
 Informally employed 292 37.4 38.0 (32.7, 43.2) 1,065 33.3 31.5 (28.4, 34.7) 32.8 (30.0, 35.6)
 Formally employed 302 38.7 39.6 (33.2, 45.9) 1,238 38.8 39.7 (36.2, 43.1) 39.7 (36.3, 43.2)

Marital status
 Currently married/living with partner 249 31.8 32.3 (28.0, 36.6) 1,807 56.3 56.4 (53.5, 59.2) 51.6 (48.8, 54.4)
 Previously married/lived with a partner; not 

now
289 36.9 39.3 (34.6, 44.0) 581 18.1 18.9 (16.6, 21.3) 22.9 (20.6, 25.1)

 Never married/lived with a partner 246 31.4 28.4 (24.1, 32.7) 821 25.6 24.7 (22.4, 27.1) 25.5 (23.5, 27.6)
Residence
 Resident of the cross-border area 557 70.9 69.4 (61.0, 77.7) 2,538 78.8 79.6 (75.5, 83.7) 77.4 (72.9, 81.9)
 Non-resident of the cross-border area 229 29.1 30.6 (22.3, 39.0) 684 21.2 20.4 (16.3, 24.5) 22.6 (18.1, 27.1)

Time in current  localityb of residence
 6 months or less 144 18.3 17.9 (13.5, 22.3) 457 14.2 12.9 (10.9, 14.8) 13.9 (11.9, 15.8)
 More than 6 months but not entire life 452 57.5 58.5 (53.8, 63.2) 1,812 56.3 56.7 (54.2, 59.1) 57.1 (54.9, 59.3)
 Entire life 190 24.2 23.6 (19.3, 27.9) 948 29.5 30.5 (28.1, 32.8) 29.0 (26.8, 31.3)

Frequency of visiting venues where people 
drink, socialize, or meet new sexual

 At least weekly 568 77.1 76.8 (71.9, 81.7) 1,732 61.1 59.3 (55.9, 62.6) 63.0 (60.1, 65.8)
 Less than weekly, but at least monthly 83 11.3 11.7 (7.7, 15.7) 457 16.1 16.8 (14.7, 18.9) 15.8 (14.1, 17.5)
 Less than once per month 86 11.7 11.5 (8.4, 14.7) 645 22.8 23.9 (21.3, 26.6) 21.3 (19.0, 23.5)

Difficulty obtaining condoms
 Easy to obtain 657 86.0 87.4 (84.4, 90.5) 2,219 73.9 73.2 (70.4, 75.9) 75.9 (73.4, 78.5)
 Not easy to obtain 107 14.0 12.6 (9.5, 15.6) 783 26.1 26.8 (24.1, 29.6) 24.1 (21.5, 26.6)

Condom use at last sex with main partner
 Used a condom 313 52.3 51.9 (46.5, 57.2) 696 27.3 29.0 (26.0, 31.9) 33.6 (30.7, 36.5)
 Did not use a condom 286 47.7 48.1 (42.8, 53.5) 1856 72.7 71.0 (68.1, 74.0) 66.4 (63.5, 69.3)

Condom use at last sex with client
 Used a condom 464 68.1 65.5 (60.3, 70.6) – – – –
 Did not use condom 217 31.9 34.5 (29.4, 39.7) – – – –

Age at first exchange of sex for cash
 Less than 18 years 137 20.4 20.8 (16.9, 24.8) – – – –
 18 years or older 535 79.6 79.2 (75.2, 83.1) – – – –

Reason(s) for most recent sex work
 Include meeting food/housing needs 483 72.0 73.1 (67.5, 78.6) – – – –
 Exclude meeting food/housing needs 188 28.0 26.9 (21.4, 32.5) – – – –

Ever homeless in preceding 6 months
 Yes 73 9.4 9.0 (6.4, 11.6) 244 7.6 7.6 (5.5, 9.6) 7.8 (6.0, 9.6)



to have used a condom at last sex with their main partner. 
FSWs were also more likely to have experienced intimate 
partner violence and forced sex. With an estimated HIV 
prevalence of 10.8% among FSWs, FSWs were 1.6 (95% CI 
1.2, 2.1) times as likely as other adult women to be living 
with HIV.

Area-specific estimates of HIV prevalence among FSWs 
ranged from 1.7% (95% CI 0.0%, 3.4%) in Busia, Kenya/
Uganda to 22.0% (95% CI 14.3%, 29.7%) in Mutukula, 
Uganda/Tanzania. Area-specific estimates of undiagnosed 
HIV prevalence—i.e., the percent of all FSWs who are liv-
ing with HIV but do not know of their HIV-positive status—
ranged from 1.3% (95% CI 0.0%, 2.9%) in Busia, Kenya/

Uganda to 10.2% (95% CI 4.4%, 16.0%) in Isebania, Kenya/
Sirare, Tanzania. The estimated percentage of FSWs liv-
ing with HIV in each cross-border area is shown in Fig. 1a, 
while the estimated percentages living with undiagnosed 
HIV are shown in Fig. 1b. Due to sparse data in some cross-
border areas and age groups, prevalence estimates were 
not computed for 3 cross-border areas, age-standardization 
was not done for 4 areas when estimating HIV prevalence 
and 5 areas when estimating undiagnosed HIV prevalence, 
and data were collapsed across women ages 35 to 49 years 
prior to standardizing estimates for Kasenyi. Both before 
and after age-standardizing, prevalence estimates varied 
substantially by geographic area, even among areas in close 

Table 1  (continued)

Characteristic Female sex workers
(N = 786)

Other women
(N = 3,224)

All women
(N = 4,182)

Unweighted 
sample

Weighted  populationa Unweighted 
sample

Weighted  populationa Weighted  populationa

n % % (95% CI) n % % (95% CI) % (95% CI)

 No 706 90.6 91.0 (88.4, 93.6) 2,964 92.4 92.4 (90.4, 94.5) 92.2 (90.4, 94.0)
Ever injected recreational drugs
 Yes 7 0.9 1.3 (0.0, 2.5) 34 1.1 1.1 (0.6, 1.6) 1.1 (0.6, 1.7)
 No 774 99.1 98.7 (97.5, 100.0) 3,179 98.9 98.9 (98.4, 99.4) 98.9 (98.3, 99.4)

Experienced physical intimate partner vio-
lence

 Within past 3 months 124 16.0 13.6 (10.3, 17.0) 216 6.8 6.4 (5.1, 7.8) 7.9 (6.6, 9.3)
 More than 3 months ago but within 

12 months
53 6.8 7.1 (4.5, 9.8) 115 3.6 3.3 (2.5, 4.1) 4.0 (3.2, 4.9)

 Longer ago 73 9.4 11.9 (8.2, 15.6) 212 6.6 6.6 (5.4, 7.8) 7.6 (6.3, 8.9)
 Never 524 67.7 67.4 (61.9, 72.8) 2,649 83.0 83.6 (81.8, 85.5) 80.4 (78.6, 82.2)

Forced against will to have sex
 Within past 3 months 101 13.1 10.7 (8.1, 13.3) 145 4.5 4.5 (3.5, 5.5) 5.8 (4.7, 6.8)
 More than 3 months ago but within 

12 months
24 3.1 3.4 (1.5, 5.3) 65 2.0 2.0 (1.3, 2.8) 2.3 (1.6, 3.0)

 Longer ago 33 4.3 5.1 (1.9, 8.4) 74 2.3 2.9 (2.0, 3.9) 3.4 (2.5, 4.2)
 Never 612 79.5 80.7 (75.4, 86.1) 2,914 91.1 90.5 (88.9, 92.1) 88.6 (87.0, 90.1)

HIV test  resultc

 Reactive 85 11.9 10.8 (8.2, 13.3) 187 6.3 6.8 (5.5, 8.1) 7.7 (6.4, 8.9)
 Non-reactive 630 88.1 89.2 (86.7, 91.8) 2,796 93.7 93.2 (91.9, 94.5) 92.3 (91.1, 93.6)

Among those with a reactive HIV test, 
reported HIV-positive status

 Yes 37 43.5 46.1 (33.2, 59.0) 67 35.8 38.3 (29.5, 47.1) 40.1 (32.6, 47.6)
 No 48 56.5 53.9 (41.0, 66.8) 120 64.2 61.7 (52.9, 70.5) 59.9 (52.4, 67.4)

Study areas were Malaba, Kenya/Malaba, Uganda; Busia, Kenya/Busia, Uganda; Katuna, Uganda/Gatuna, Rwanda; Holili, Tanzania/Taveta, 
Kenya; Isebania, Kenya/Sirare, Tanzania; Mutukula, Uganda/Mutukula, Tanzania; Namanga, Kenya/Namanga, Tanzania; and Kagitumba, 
Rwanda/Mirama Hills, Uganda; Sio Port/Port Victoria, Kenya; Majanji, Uganda; Muhuru Bay, Kenya; Kirongwe, Tanzania; Mbita and Rusinga 
Island, Kenya; and Kasenyi, Uganda
a Weighted results represent the distribution of characteristics of population members ages 18 and older who would be found among a random 
sample of women at public venues in 14 cross-border areas. Data were weighted and standard errors adjusted to account for survey design
b Refers to sub-county, parish, or ward for residents of Kenya or Uganda, Rwanda, or Tanzania, respectively
c Data additionally weighted to account for informative refusals of the on-site HIV rapid test





proximity, such as those near the northeast corner of Lake 
Victoria. HIV prevalence was highest among FSWs at ven-
ues in Mutukula, Uganda/Tanzania; Muhuru Bay, Kenya; 
and Malaba, Kenya/Uganda. Though confidence intervals 
were wide, point estimates tended to be higher in cross-
border areas near the lake. The prevalence of undiagnosed 
HIV among FSWs was highest in Malaba, Kenya/Uganda, 
Isebania, Kenya/Sirare, Tanzania; and Kasenyi landing site, 
Uganda. In some cross-border areas, there were large dif-
ferences in the percentage of FSWs living with HIV and 
the percentage of FSWs living with undiagnosed HIV. For 
example, Muhuru Bay had one of the highest HIV preva-
lence estimates of all cross-border areas in the study, with an 
estimated 20.9% (95% CI 4.2%, 37.6%) of FSWs living with 
HIV. Due to the level of awareness of HIV-positive status 
among FSWs in Muhuru Bay, however, we estimated that 
only 5.3% (95% CI 0.0%, 12.3%) of FSWs in Muhuru Bay 
were living with undiagnosed HIV.

Table 2 shows HIV prevalence, undiagnosed HIV preva-
lence, and prevalence ratios across levels of sociodemo-
graphic characteristics among FSWs. Of the characteristics 
examined, age, type of employment, and difficulty obtaining 
condoms were most strongly associated with a reactive HIV 
test. As compared to FSWs 18 to 24 years of age, FSWs 
30 years of age and older were 1.9 (95% CI 1.0, 3.5) times 
as likely to have a reactive HIV test (Fig. 2). FSWs who 
were informally employed were 2.6 (95% CI 1.5, 4.6) times 
as likely to have a reactive result as those employed in the 
formal sector. FSWs reporting that condoms are not easy to 
obtain were 2.4 (95% CI 1.3, 4.3) times as likely to have a 
reactive result and 2.3 (95% CI 1.0, 5.0) times as likely to 
have undiagnosed HIV, compared to those who reported that 
it was easy to obtain a condom. Aside from these charac-
teristics, the 95% confidence intervals around most preva-
lence ratios for HIV and undiagnosed HIV contained the 
null value.

Of the 85 FSWs who had a reactive HIV test, 48 had not 
been previously diagnosed with HIV. Among FSWs with 
undiagnosed HIV, 13.3% (95% CI 1.0%, 25.6%) had never 
been tested for HIV, and 64.1% (95% CI 47.5%, 80.7%) had a 
negative test result in the past 12 months. Weighting for sur-
vey design and informative refusals, 46.1% (95% CI 33.2%, 

59.0%) of FSWs living with HIV knew their status, 80.6% 
(95% CI 66.3%, 94.9%) of FSWs who knew of their HIV-
positive status were on ART, and 84.8% (95% CI 66.1%, 
100.0%) of FSWs on ART were virally suppressed. The HIV 
care cascade in Fig. 3 shows the proportion of women at 
each stage of HIV care and treatment and the gaps between 
these values and the 90–90–90 targets. Results are presented 
for all women and stratified by FSW classification.

Discussion

In this study, we found that FSWs at venues in cross-border 
areas in East Africa are more likely than other women to 
be living with HIV. We also found variation in prevalence 
among cross-border areas, which substantiates concerns 
about the generalizability of other HIV prevalence estimates 
to cross-borders areas. At 10.8% (95% CI 8.2%, 13.3%), HIV 
prevalence among FSWs in this study was generally lower 
than other published prevalence estimates among FSWs 
elsewhere in Kenya, Tanzania, Rwanda, and Uganda [17, 18, 
20–22, 32]. The relatively low prevalence found in several 
cross-border areas in this study could reflect local successes 
in the HIV response, reduced risk behaviors among FSWs 
despite the service delivery challenges and risk behaviors 
documented in cross-border areas, or lower exposure to 
HIV. In this study, women who reported exchanging sex for 
money in the preceding 12 months were classified as FSWs, 
regardless of whether the women would self-identify as sex 
workers. The lower prevalence of HIV observed among 
FSWs in this study may also be partly attributable to the 
inclusion of FSWs who may not identify as sex workers, 
if, compared to self-identified sex workers, these women 
experience fewer behavioral and structural risk factors for 
HIV infection overall.

Results of this study suggest that less than half of FSWs 
living with HIV (46.1%; 95% CI 33.2%, 59.0%) were aware 
of their status. Among other women, the proportion who 
knew their status was even smaller (38.3%; 95% CI 29.5%, 
47.1%). These gaps are greater than those reported else-
where in the region, such as in the SEARCH Study in rural 
Kenya and Tanzania, where 69.7% of women living with 
HIV had been previously diagnosed [33]. We also found that 
most FSWs living with undiagnosed HIV had been tested in 
the 12 months prior to the survey. While further research is 
needed to identify optimal testing strategies for cross-border 
areas, the number of new HIV diagnoses among FSWs in the 
CBIHS (48 of 786 FSWs) illustrates the value of mobile and 
venue-based testing for FSWs in the cross-border context. 
Furthermore, the maps of HIV prevalence and undiagnosed 
HIV prevalence among FSWs provided in this study high-
light that areas with the highest unmet need for HIV testing 

Fig. 1  Among female sex workers (FSWs) at public venues in cross-
border areas in the 2016–2017 East Africa Cross-Border Integrated 
Health Study, estimated prevalence of  (a) HIV and (b) undiagnosed 
HIV. Prevalence estimates and corresponding 95% confidence inter-
vals (CIs) were calculated for cross-border areas where 20 or more 
FSWs were tested. For cross-border areas where 20 or more FSWs 
ages 20–49  years were tested, HIV prevalence estimates were also 
age-standardized to the distribution of women ages 20–49  years in 
East Africa; standardized results are shown in square brackets. Data 
were weighted and standard errors adjusted to account for survey 
design and informative refusals of the on-site HIV test

◂



Table 2  Associations between female sex worker characteristics and prevalent HIV and prevalent undiagnosed HIV. Data from 715 female sex 
workers recruited for a bio-behavioral survey and tested for HIV in the 2016–2017 East Africa Cross-Border Integrated Health Study

Characteristic Number 
with 
 HIVa

(n = 85)

HIV  prevalenceb 
(%) (95% CI)

HIV prevalence ratio
(95% CI)

Number with 
undiagnosed  HIVc 
(n = 48)

Prevalence of 
undiagnosed  HIVd 
(%)
(95% CI)

Undiagnosed HIV 
prevalence ratio (95% 
CI)

Age group
 18–24 years 28 8.4 (4.2, 12.6) 1 23 6.4 (3.2, 9.7) 1
 25–29 years 24 9.2 (5.2, 13.3) 1.1 (0.5, 2.3) 12 5.0 (1.9, 8.2) 0.8 (0.3, 1.9)
 ≥ 30 years 33 15.9 (10.6, 21.1) 1.9 (1.0, 3.5) 13 5.8 (2.4, 9.2) 0.9 (0.4, 1.9)

Educational attainment
 Less than secondary 73 11.5 (8.6, 14.5) 1 41 6.4 (4.2, 8.5) 1
 Secondary or higher 12 7.5 (2.5, 12.6) 0.7 (0.3, 1.4) 7 3.3 (0.7, 6.0) 0.5 (0.2, 1.3)

Employment status
 Not employed 12 6.8 (2.1, 11.5) 1.0 (0.5, 2.1) 9 4.1 (0.9, 7.4) 0.9 (0.3, 2.5)
 Informally employed 45 17.5 (12.0, 23.0) 2.6 (1.5, 4.6) 24 8.4 (4.8, 11.9) 1.9 (0.9, 4.1)
 Formally employed 28 6.7 (3.8, 9.7) 1 15 4.4 (1.8, 7.0) 1

Marital status
 Currently married/liv-

ing with partner
22 9.8 (5.2, 14.5) 1 13 5.9 (2.2, 9.5) 1

 Previously married/
lived with a partner; 
not now

39 13.8 (9.1, 18.4) 1.4 (0.8, 2.6) 21 6.8 (3.6, 10) 1.2 (0.5, 2.6)

 Never married/lived 
with a partner

24 7.6 (3.9, 11.3) 0.8 (0.4, 1.6) 14 4.3 (1.7, 6.9) 0.7 (0.3, 1.8)

Residence
 Resident of the cross-

border area
62 11.3 (8.0, 14.5) 1 32 5.2 (3.2, 7.2) 1

 Non-resident of the 
cross-border area

23 9.6 (4.7, 14.5) 0.9 (0.5, 1.6) 16 7.2 (3.1, 11.3) 1.4 (0.7, 2.8)

Time in current  localitye 
of residence

 6 months or less 15 11.5 (4.2, 18.9) 1.7 (0.7, 4.2) 10 5.7 (1.6, 9.8) 1.6 (0.4, 5.7)
 More than 6 months, 

but not entire life
57 12.1 (8.3, 15.8) 1.8 (0.8, 3.7) 32 6.7 (4.1, 9.3) 1.9 (0.6, 5.8)

 Entire life 13 6.9 (2.4, 11.4) 1 6 3.6 (0.0, 7.3) 1
Frequency of visiting 

venues where people 
drink, socialize, or 
meet new sexual 
partners

 At least weekly 63 10.5 (7.4, 13.6) 1 36 6.1 (3.9, 8.2) 1
 Less than weekly, but 

at least monthly
5 4.0 (0.0, 8.0) 0.4 (0.1, 1.1) 2 0.9 (0.0, 2.2) 0.2 (0.0, 0.7)

 Less than once per 
month

9 14.4 (5.1, 23.8) 1.4 (0.7, 2.9) 4 6.0 (0.0, 13) 1.0 (0.3, 3.4)

Difficulty obtaining 
condoms

 Easy to obtain 63 9.2 (6.6, 11.7) 1 36 5.1 (3.3, 6.9) 1
 Not easy to obtain 21 22.0 (11.1, 32.9) 2.4 (1.3, 4.3) 12 11.5 (3.6, 19.4) 2.3 (1.0, 5.0)

Condom use at last sex 
with main partner

 Used a condom 26 6.5 (3.7, 9.3) 1 15 4.4 (2, 6.8) 1
 Did not use a condom 29 11.4 (6.5, 16.3) 1.7 (0.9, 3.3) 20 6.5 (3.2, 9.9) 1.5 (0.7, 3.2)

Condom use at last sex 
with client



are not necessarily the same areas as those with highest HIV 
prevalence.

Though not knowing one’s HIV status was found to be 
a major impediment to the 90–90–90 targets, results for 
the latter targets were encouraging. Approximately 80% 

of FSWs who knew their status were on ART, and among 
FSWs on ART, approximately 85% were virally suppressed. 
Though confidence intervals were wide, FSWs were some-
what more likely than other women to know their status and 
to be linked to care, on ART, and virally suppressed. These 

Table 2  (continued)

Characteristic Number 
with 
 HIVa

(n = 85)

HIV  prevalenceb 
(%) (95% CI)

HIV prevalence ratio
(95% CI)

Number with 
undiagnosed  HIVc 
(n = 48)

Prevalence of 
undiagnosed  HIVd 
(%)
(95% CI)

Undiagnosed HIV 
prevalence ratio (95% 
CI)

 Used a condom 52 12.3 (8.5, 16.1) 1 27 6.4 (4, 8.8) 1
 Did not use a condom 24 10.9 (5.7, 16.1) 0.9 (0.5, 1.6) 17 6.9 (2.7, 11.2) 1.1 (0.5, 2.3)

Age at first exchange of 
sex for cash

 Less than 18 years 15 10.7 (3.7, 17.8) 1.0 (0.5, 2.1) 8 5.3 (0.4, 10.1) 0.9 (0.3, 2.6)
 18 years or older 59 10.8 (7.7, 13.8) 1 32 5.6 (3.6, 7.6) 1

Reason(s) for most 
recent sex work

 Include meeting food/
housing needs

55 11.3 (7.9, 14.7) 1 28 5.2 (3.1, 7.3) 1

 Do not include meet-
ing food/housing 
needs

19 9.3 (4.3, 14.2) 0.8 (0.4, 1.6) 12 6.3 (2.1, 10.5) 1.2 (0.5, 2.7)

Homeless in preceding 
6 months

 At any time 6 10.0 (1.0, 18.9) 0.9 (0.4, 2.3) 1 0.9 (0, 2.7) 0.1 (0.0, 1.1)
 No 79 10.9 (8.2, 13.6) 1 47 6.3 (4.3, 8.2) 1

Injected recreational 
drugs

 Ever 1 10.7 (0.0, 29.4) 1.0 (0.2, 5.9) 1 10.7 (0, 29.4) 1.9 (0.3, 11.3)
 Never 84 10.8 (8.2, 13.4) 1 47 5.8 (3.9, 7.6) 1

Experienced physi-
cal intimate partner 
violence

 Ever 25 10.6 (5.3, 16.0) 1.0 (0.5, 1.9) 14 4.9 (1.7, 8) 0.7 (0.3, 1.6)
 Never 51 10.9 (7.4, 14.4) 1 31 6.6 (4, 9.2) 1

Forced against will to 
have sex

 Ever 17 12.9 (5.3, 20.5) 1.3 (0.6, 2.6) 8 4.3 (0.8, 7.7) 0.7 (0.3, 1.7)
 Never 59 10.2 (7.1, 13.4) 1 37 6.5 (4.1, 8.8) 1

Study areas were Malaba, Kenya/Malaba, Uganda; Busia, Kenya/Busia, Uganda; Katuna, Uganda/Gatuna, Rwanda; Holili, Tanzania/Taveta, 
Kenya; Isebania, Kenya/Sirare, Tanzania; Mutukula, Uganda/Mutukula, Tanzania; Namanga, Kenya/Namanga, Tanzania; and Kagitumba, 
Rwanda/Mirama Hills, Uganda; Sio Port/Port Victoria, Kenya; Majanji, Uganda; Muhuru Bay, Kenya; Kirongwe, Tanzania; Mbita and Rusinga 
Island, Kenya; and Kasenyi, Uganda
a As determined through a reactive HIV test in the study
b Of female sex workers in each level of the characteristics presented, percent living with HIV. Results represent HIV prevalence among female 
sex workers who would be found among a random sample of women at venues in 14 cross-border areas. Data were weighted to account for sur-
vey design and refusals of the HIV test, and standard errors were adjusted to account for survey design
c Defined as the number with a reactive HIV test who reported HIV-negative or unknown HIV status in the survey
d Of female sex workers in each level of the characteristics presented, percent living with undiagnosed HIV. Results represent prevalence of 
undiagnosed HIV among female sex workers who would be found among a random sample of women at venues in 14 cross-border areas. 
The denominator for prevalence estimates is all female sex workers who would be found at such venues, regardless of HIV status. Data were 
weighted to account for survey design and refusals of the HIV test, and standard errors were adjusted to account for survey design
e Sub-county, parish, or ward for residents of Kenya or Uganda, Rwanda, or Tanzania, respectively



comparisons remind of the continuing need for HIV-related 
services even among women who do not participate in sex 
work, while possibly indicating some success in focusing 
HIV services for FSWs.

The CBIHS has several strengths. These include its mul-
tisite design, which allowed for comparison of results across 
cross-border areas, and implementation of the study in mul-
tiple countries, which avoided arbitrary exclusion of people 

Fig. 2  Estimated HIV prevalence by age group among adult women 
(unweighted n = 3725) at venues in 14 cross-border areas in East 
Africa, also disaggregated for female sex workers (FSWs, unweighted 
n = 715) and other adult women (unweighted n = 2983). Data were 
weighted to account for survey design and informative refusals of 

the on-site HIV test, and standard errors were adjusted to account for 
survey design. Point estimates of prevalence (%) are presented along 
with corresponding 95% confidence intervals, shown parenthetically 
(East Africa Cross-Border Integrated Health Study, 2016–2017)

Fig. 3  The HIV treatment cascade among adult women (unweighted 
n = 274) at venues in 14 cross-border areas in East Africa, also dis-
aggregated for female sex workers (FSWs, unweighted n = 85) and 
other adult women (unweighted n = 187). The cascade depicts, among 
those with a reactive HIV test, the estimated percent who knew their 
HIV status, were linked to care, were on antiretroviral therapy (ART), 
and were virally suppressed. The 95% confidence intervals around 
the point estimates are shown parenthetically. Data were weighted 

to account for survey design, informative refusals of the on-site HIV 
test, and missing viral load data. Standard errors were adjusted to 
account for survey design. For reference, dashed bars indicate the 
proportion of women with HIV who would need to know their HIV 
status, be on ART, and be virally suppressed for the 90–90-90 targets 
to be met (East Africa Cross-Border Integrated Health Study, 2016–
2017)



in cross-border areas who would be found on only one 
side of the border. Venue-based recruitment also allowed 
for inclusion of populations that may be missed in routine 
monitoring or alternative study designs such as household 
surveys. As compared to studies that rely on observed behav-
iors or self-identification to recruit FSWs, we expect that the 
CBIHS reduced selection bias by recruiting women irre-
spective of perceived sex worker status. This also allowed 
for the consideration of alternative definitions of sex work. 
We found consistency in the direction and strength of HIV 
prevalence ratios using broader definitions of sex work. For 
example, women who had ever exchanged sex for money 
were 1.7 (95% CI 1.3, 2.3) times as likely to have a reactive 
HIV test, and women who ever exchanged sex for money, 
goods, gifts, or favors were 1.5 (95% CI 1.2, 2.0) times as 
likely as other women to have a reactive test.

Limitations of this study include that some factors, like 
reporting sex work or a previous HIV diagnosis, were sub-
ject to recall and social desirability biases common to most 
behavioral surveys. Among unweighted survey respond-
ents, 19.6% reported that they received money for sex. A 
higher proportion of women may have engaged in other 
forms of transactional sex, such as sex for goods, gifts, 
favors, services; however, these forms of transactional 
sex were outside the scope of this analysis. If, among all 
women who exchange money for sex, those who self-iden-
tify as sex workers are more likely to report this behavior, 
our results describing FSW characteristics may be biased 
towards the characteristics of self-identified sex workers. 
For example, if self-identified FSWs are more likely than 
other FSWs to access HIV testing through targeted out-
reach, our estimate that 46.1% of FSWs with HIV know 
of their HIV-positive status would overestimate the true 
parameter among all FSWs. This study also does not cap-
ture all dimensions of sex work relevant to HIV transmis-
sion. Programs seeking to reduce HIV incidence among 
FSWs and their clients may benefit from future studies on 
frequency of sex work, number of unique partners, and 
the use of prevention strategies. Furthermore, for safety 
reasons, interviewers did not recruit respondents late into 
the evenings, so our findings may not generalize to FSWs 
and other women who attend venues exclusively late at 
night. There is also potential for bias related to differential 
likelihood of participation in the CBIHS by HIV status or 
engagement in care. We accounted for informative refus-
als of the HIV and viral load tests among survey partici-
pants by offering the survey to those refusing the tests and 
then weighting the data; these weights cannot, however, 
account for any bias related to complete avoidance of the 
survey.

Conclusions

This study contributes to a fuller understanding of the 
characteristics of FSWs in cross-border spaces, indicat-
ing continuing demand for HIV prevention and treatment 
services and describing gaps in current HIV control strate-
gies. FSWs at venues in cross-border areas in East Africa 
are more likely than other women to be living with HIV; 
however, there is considerable geographic heterogeneity 
in HIV prevalence estimates among FSWs throughout the 
region, which emphasizes the relevance of geography to 
the efficient provision of HIV prevention and treatment 
interventions. Despite lower than expected prevalence 
among FSWs, HIV transmission potential is sustained in 
cross-borders areas by deficits in HIV testing services. 
Finally, among FSWs, there is a dual need for programs 
that reach those who have never been tested for HIV and 
for programs that increase the frequency of testing.

As East African nations pursue greater movement of 
people, goods, and services across the region, it is impor-
tant to examine how the continuing HIV epidemic and 
national and regional HIV control efforts affect cross-
border areas. These cross-border areas, and members of 
key populations who are present there, may be particu-
larly impacted by changes in population mobility that 
affect transmission dynamics for HIV and other infectious 
diseases. Results of this and future studies can be used 
to improve the effectiveness and efficiency of infectious 
disease control efforts for people living in and transiting 
through cross-border areas in East Africa.

Appendix

For measures related to HIV testing, data were weighted 
by the product of the survey sampling weights and HIV 
test refusal weights. The HIV test refusal weight was esti-
mated as the marginal probability of refusing the HIV test 
divided by the probability of refusing the test conditional 
on informative covariates. Probabilities were estimated 
using multivariable logistic regression, with the condi-
tional probability of refusing the test modeled as a func-
tion of a respondent’s sex, age group, cross-border area 
where interviewed, employment at the place of interview, 
and timing and reported result of last HIV test. Categori-
cal covariates were modeled using indicator variables. For 
viral suppression results, missing viral load weights were 
similarly estimated among the women, dividing the mar-
ginal probability of a missing viral load by the conditional 
probability, conditional on the woman’s age group, cross-
border area where interviewed, and employment at the 



place of interview. In estimating viral suppression results, 
data were weighted by the product of three component 
weights: the survey sampling weight, the HIV test refusal 
weight, and the missing viral load weight.
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