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To achieve viral suppression and fully benefit from antiretroviral therapy (ART), it is important
that individuals with HIV know that they are HIV infected, link to and remain in HIV care,
start and remain on ART and adhere to treatment. In HIV epidemics where female sex
workers (FSWs) are key drivers of HIV transmission, the extent to which FSWs use ART and
engage in the HIV care cascade could have a considerable impact on HIV transmission from
FSWs to the wider population. In this article we review the spectrum of FSW engagement in
the HIV care cascade, look at the impact of the HIV care cascade and ART use among FSWs
on population-level HIV transmission and discuss HIV prevention for FSWs in the context of
ART and the HIV care cascade.
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Access to antiretroviral therapy (ART) has
been scaled-up over the past decade [1], and
has led to significant reductions in both
HIV-attributable mortality and morbidity [2].
Globally, 54% of HIV-infected individuals
with a CD4 count £350 cell/mm3 are now
on ART, although coverage varies across
regions, ranging from 15 to 68% [3]. This
scale-up took place under the 2010 WHO
guidelines which recommended ART initia-
tion at CD4 counts £350 cell/mm3

[4].
The most recent 2013 WHO treatment
guidelines recommend that ART should be
initiated in all HIV-infected individuals
when CD4 counts fall below £500 cell/mm3,
but that priority for treatment should still be
given to those with advanced HIV disease or
a CD4 count £350 cell/mm3

[3]. This change
was partly motivated by the promise of HIV
treatment as prevention (TasP) as well as
clinical evidence that earlier ART initiation
reduces the risk of progression to AIDS and
death [3,5,6]. TasP refers to HIV prevention
methods that use ART in HIV-infected

individuals independent of CD4 cell count
to reduce HIV transmission [7,8]. Based on
evidence that ART use can substantially
reduce HIV viral load, which decreases the
risk of transmitting the virus to others, TasP
has gained considerable interest in the HIV
prevention field [3,5,6,9].

To be successfully treated, it is important
that HIV-infected individuals are continually
engaged in the HIV care cascade (also known
as the HIV care continuum) [10]. This cascade
involves a number of different stages, starting
with HIV diagnosis through either HIV
screening or symptom-based testing, followed
by linkage to and enrollment in HIV care,
retention in HIV care until eligible for ART
initiation, ART initiation once eligible for
treatment, retention in ART care after start of
treatment (without loss to follow-up [LFU] or
treatment discontinuation) and adherence to
ART (FIGURE 1) [11–13]. Engaging in the cascade
at all stages is essential for achieving sustained
viral suppression in HIV-infected individuals,
and therefore is also crucial for reducing
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onward HIV transmission [10]. However, late diagnosis and loss
of individuals from each stage of the HIV care cascade is com-
mon [10]. Poor engagement in the cascade, resulting in fewer
HIV-infected individuals on treatment and virally suppressed,
could substantially reduce the impact of efforts to reduce
HIV spread.

Female sex workers (FSWs) are a key population at high risk
of HIV acquisition and in many HIV epidemics are key drivers
of heterosexual HIV transmission [14–20]. FSWs are particularly
vulnerable to HIV infection due to a number of risk factors,
including multiple sexual partners (clients), unsafe work envi-
ronment, inability to negotiate consistent condom use, high
prevalence of sexually transmitted infections (STIs) and injec-
tion drug use [20]. A recent systematic review of the burden of
HIV in FSWs from 50 low- and middle-income countries
found an overall FSW HIV prevalence of 11.8% (95% CI:
11.6-12.0), which varied by region, and a pooled odds ratio
(OR) for HIV infection among FSWs compared to all women
of reproductive age of 13.5 (95% CI: 10.0-18.1), which also
varied by region [16]. The highest FSW HIV prevalence was
found in sub-Saharan Africa (37%), followed by eastern Europe
(11%), Latin America and the Caribbean (6%), Asia (5%), and
Middle East and North Africa (2%) [16]. Asia was the region
with the highest OR for HIV infection among FSWs compared
to all women of reproductive age (OR = 29), whereas Latin
America and the Caribbean had the lowest (OR = 12) [16].
Some countries, including China, India, Malaysia, Egypt and
Mauritius, had an OR even over 50 for HIV infection among
FSWs compared to other women in the general population [16].
In another systematic review which looked at HIV risk among
FSWs in Europe, HIV prevalence remained low at 1% or less
among FSWs who did not inject drugs [21]. HIV prevalence
was highest in eastern Europe where the prevalence of HIV
among FSWs injecting drugs was also very high [21]. In
Canada, where estimates of FSW HIV prevalence range from
1 to 60%, those most at risk of HIV are typically those who
either inject drugs, have a history of injecting drugs or have sex

with high-risk partners [22,23]. In other parts of North America
and Central Asia, such as Mexico and Kazakhstan, where there
is substantial overlap between sex work and injecting drug use,
FSWs who inject drugs are also at increased risk of HIV and
often have a higher HIV prevalence than FSWs who do not
inject drugs [24–29].

Given the high burden of HIV infection in FSWs and the
contribution of sex work to HIV transmission, ensuring that
FSWs in need of treatment start ART and fully engage in the
HIV care cascade would not only provide important health ben-
efits to a number of FSWs but could also lead to substantial
reductions in HIV incidence in HIV epidemics where sex work
plays an important role in sustaining HIV transmission [15,30,31].
Strategies to expand ART use among FSWs could have consid-
erable impact on the spread of HIV, but the effectiveness of
these strategies is likely to depend on the extent to which FSWs
engage in the HIV care cascade. In this paper, we review the
existing knowledge on the HIV care cascade among FSWs; look
at the impact that ART use and the HIV care cascade among
FSWs could have on population-level HIV transmission, as esti-
mated by mathematical models; and discuss HIV prevention for
FSWs in the context of ART and the HIV care cascade.

FSWs & the HIV care cascade
HIV testing & diagnosis

HIV testing and counseling (HTC) is essential for HIV treat-
ment because it is the main route of entry into HIV care [1,32].
HTC also offers an opportunity to promote other behavioral
and biomedical prevention tools, including condom promotion,
oral or topical preexposure prophylaxis (PrEP) and prevention
of mother-to-child transmission [1,32]. However, the majority of
HIV-infected individuals remain unaware of their HIV status
and are diagnosed when symptomatic and in the late stages of
disease, resulting in poor treatment outcomes as well as greater
potential for onward HIV transmission [3,10]. Many different
approaches to delivering HTC exist, including provider-
initiated HTC, conducted at hospitals and antenatal, STI and
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Figure 1. Stages of engagement in the HIV care cascade.
ART: Antiretroviral therapy; LFU: Loss to follow-up.
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tuberculosis clinics; facility-based modes
of delivery such as stand-alone voluntary
counseling and testing (VCT) and drop-
in centers; and community-based modes
of delivery such as mobile and outreach
HIV testing services, house-to-house visits
and workplace testing [32]. The WHO
currently recommends that community-
based HTC and provider-initiated testing
and counseling should be provided for sex
workers in all epidemic settings and that
sex workers and other key populations
should be tested every 6–12 months [3].
Delivery of HTC to FSWs often occurs in
STI, tuberculosis and antenatal clinics, but
outreach HTC and targeted VCT and
drop-in centers are also possible routes of
entry into HIV care for FSWs [32,33]. In
some countries, such as Thailand and
Vietnam, routine HIV testing is also available in sex work estab-
lishments, while in some HIV prevention programs, such as
those in India, FSWs registered with the program may be rou-
tinely referred to VCTs for HIV testing [34–37].

According to a recent WHO review, across 52 low- and
middle-income countries in 2010 the median percentage of
FSWs who were tested for HIV in the past 12 months and
knew their test results was 49%, but testing rates varied widely
across countries [33]. The median proportion of sex workers
who had tested for HIV in the past 12 months and were aware
of their HIV status was highest in sub-Saharan Africa (16 coun-
tries, median = 60%, range 0–95%) and Latin America and
the Caribbean (10 countries, median = 59%, range 18–
75%) [33]. Twenty-three of these 52 countries also reported
that the median proportion of sex workers who tested for HIV
in the past 12 months and knew their test results increased
from 39% in 2006–2008 (23 countries, range 5–71%) to 52%
in 2009–2010 (23 countries, range 14–98%) [33].

Although improvement is needed, these data are nevertheless
encouraging, indicating that in general HIV testing rates among
FSWs are reasonably high in a number of low- and middle-
income settings, and in some cases may even be better than
HIV testing rates in the general population. For example, in six
countries in sub-Saharan Africa (Burkina Faso, Burundi, Came-
roon, Rwanda, Senegal and Zimbabwe), which reported data
for both sex workers and the general population in 2010/2011,
the median proportion of sex workers who were HIV tested and
received their test results in the past 12 months (67%) was
much higher than the median proportion of females and males
in the general population who were HIV tested in the past year
(21 and 16%, respectively) (TABLE 1) [38,39]. However, FSWs still
report facing numerous barriers to undertaking HIV testing,
including structural barriers, such as distance to HIV testing
place, inconvenient testing schedules, lack of time for HIV test-
ing, cost of HIV testing and stigmatizing attitude of medical
staff, and psychosocial or individual barriers, such as fear of

others finding out their HIV status and occupation, fear of
being infected from medical testing, low trust in the medical
system and low perceived HIV risk (BOX 1) [34,35,40,41].

Linkage & retention in HIV care

Following HIV testing and diagnosis, it is important that HIV-
infected FSWs are linked and retained in HIV care, to allow
for timely assessment of ART eligibility, ART initiation and
provision of prophylaxis and treatment for opportunistic infec-
tions [3]. Late diagnosis and late initiation of ART are associ-
ated with worse clinical outcomes, poor retention in care and
greater HIV transmission [1,5,42–44]. In addition, individuals are

Table 1. HIV testing among female sex workers and the general
population in six sub-Saharan African countries.

% HIV tested in the past
12 months and received

their test results [38]

% HIV tested in the past
12 months [39]

Sex workers (%) General
population –
women (%)

General
population –
men (%)

Burkina Faso 83 11 8

Burundi 65 19 12

Cameroon 64 22 20

Rwanda 87 39 38

Senegal 69 14 9

Zimbabwe 59 34 21

Median 67 21 16

Box 1. Barriers to HIV testing reported by female
sex workers [34,35,40,41,102].

Structural

• Not knowing where to get tested

• Lack of time for HIV test

• Distance to HIV testing place and inconvenient testing

schedule

• Unfriendly and stigmatizing attitude of medical staff

• Breaches of confidentiality by health care workers

• High cost of the HIV test

• Stigma and community perception about sex work and HIV

Psychosocial or individual

• Fear of arrest and quarantine if tested HIV positive

• Fear of being infected through medical testing or treatment

at the clinic

• Stigma and fear of others finding out HIV status and

occupation

• Low trust in the medical system and doubt test results

• Low perceived risk and lack of symptoms

• Not wanting to know HIV status
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often lost from HIV care after HIV testing, resulting in only a
small fraction of those in need of treatment actually initiating
ART [10,13,45,46].

The 2013 WHO treatment guidelines emphasize the need
for linkage to prevention, care and treatment services following
provider-initiated and community-based HIV testing and
counseling in all epidemic settings [3]. However, for FSWs,
there are limited data on linkage to HIV care following HIV
diagnosis, and also limited data on retention in HIV care prior
to ART initiation. One cohort study from Rwanda reported on
rates of enrollment into HIV care for newly HIV diagnosed
FSWs, and found that 85% of newly diagnosed FSWs with
HIV had enrolled into HIV care within a median of 30 days
after diagnosis [47]. Among those FSWs who were enrolled into
HIV care, 53 and 69% did so within 1 and 6 months of diag-
nosis, respectively [47]. The most common reasons reported by
FSWs for not enrolling into HIV care were perceived good

health or a high CD4 count at HIV
diagnosis coupled with the belief
that HIV care was unnecessary [47]. The
high enrollment rates for FSWs are simi-
lar to those seen in a study of the general
population in Rwanda, where 42% of
patients in eight Rwandan health facilities
enrolled in HIV care and treatment
within 90 days of HIV diagnosis, and the
median time for enrollment into HIV
care was 6 days for those who enrolled
within 90 days [48].

Antiretroviral therapy

Currently, the WHO recommends that
ART initiation for FSWs should follow
the same principles and guidelines as
those for other adults with HIV [3]. In a
recent systematic review and meta-
analysis that we conducted to identify
information on ART uptake, ART attri-
tion, adherence and viral suppression
among HIV-infected FSWs, we found a
number of studies documenting ART
uptake among FSWs (see TABLE 2 for a
summary of our systematic review search
strategy and inclusion criteria, and FIGURE 2

for a summary of the systematic review
and meta-analysis findings) [49].

Estimates of ART uptake among HIV-
infected FSWs were provided in 26 stud-
ies, and these studies reported on either
ART initiation within specified follow-up
periods, current ART use, or ever ART
use (i.e., no time frame for ART initia-
tion specified) [49]. In six of these studies,
0.4–48% of HIV-infected FSWs were
reported to initiate ART during follow-

up periods which varied between 4 months and 16 years
[47,50–54]. These studies were conducted in Asia and Africa, and
ART initiation was particularly high in Rwanda, where 48% of
all HIV-infected FSWs and 87% of all ART-eligible FSWs in
HIV care (eligible at CD4 count £350 cells/mm3) reported
that they had initiated ART within 12–36 months of their
HIV diagnosis [47]. Eighteen studies, which were conducted in
Asia, Africa, Central America and the Caribbean, North Amer-
ica and South America, provided estimates of current ART use
among HIV-infected FSWs [49]. Across these studies, 0–72% of
HIV-infected FSWs were currently using ART and the pooled
estimate of current ART use among HIV-infected FSWs was
38% (95% CI: 29–48%) [49,55–72]. In three studies in Can-
ada, where the majority of FSWs enrolled were also injecting
drug users, current ART use among HIV-infected FSWs
ranged between 41 and 72% [49,60,69,71]. Five countries in
Vietnam, Kenya, Dominican Republic, USA and Canada

Table 2. Systematic review search strategy and inclusion criteria.

Search strategy

Search engines PubMed, Embase and MEDLINE

Date of search March 2014

Search terms ‘HIV’ OR ‘human immunodeficiency virus’ OR ‘AIDS’ OR ‘acquired
immune deficiency syndrome’
AND

‘FSW’ OR ‘FSWs’ OR ‘CSW’ OR ‘CSWs’ OR ‘commercial sex’ OR
‘female sex worker*’ OR ‘commercial sex work*’ OR ‘sex-work*’
OR ‘sexwork*’ OR ‘sex work*’ OR ‘prostitute*’ OR ‘prostitution’
OR ‘transactional sex’ OR ‘paid sex’ OR ‘money for sex’ OR ‘sex
for money’ OR ‘paid for sex’ OR ‘sex in exchange for money’ OR
((‘core group’ OR ‘high risk’ OR ‘high-risk’ OR highrisk’) AND
(‘female*’ OR ‘women’ OR ‘woman’))
AND

‘ART’ OR ‘antiretroviral*’ OR ‘anti-retroviral*’ OR ‘HAART’ OR
‘highly active antiretroviral therapy’ OR ‘cART’ OR ‘combined

antiretroviral therapy’

Languages No language restrictions

Additional search Reference lists of eligible articles and relevant review papers

Inclusion criteria

Article type Observational or intervention studies

Sample size Study with at least 10 FSWs

Outcomes of interest ART uptake: % of all HIV-infected individuals or % of all ART-

eligible individuals who either initiated ART within a specified

follow-up period, currently use ART or ever used ART (no time

frame for ART initiation specified)

ART attrition: % of FSWs using ART who were either lost to

follow-up, died or discontinued ART or % of ART-experienced

individuals no longer on ART

Adherence: % of FSWs on ART achieving a predefined threshold

of adherence

Viral suppression: % on ART with undetectable plasma viral load

*The asterisk is a truncation character used in databases to let you search for singular and plural forms of a
word as well as other longer words which begin with that stem/root word.
ART: Antiretroviral therapy; FSWs: Female sex workers.
Adapted from [49].
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also provided estimates of ever ART use among HIV-
infected FSWs, which ranged between 14 and 91%, and
were higher in high-income countries compared to low- and
middle-income countries [49,58,62,71,73,74].

These available data highlight the variability in ART uptake
among HIV-infected FSWs in different settings, which is likely
due to a number of factors such as different ART eligibility
criteria and different study periods and follow-up times. Never-
theless, in some settings ART uptake may be as good as that
seen among the general population. For example in Rwanda,
ART initiation among those eligible for ART
(CD4 <350 cells/mm3) is high among both FSWs in HIV
care (87%) and the general population (71%) [47]. However,
FSWs report facing a number of barriers to initiating ART
including structural-related barriers such as inability to attend
regular medical appointments, lack of time to take and adhere
to ART medication, potential loss of wages during visits to
ART centers, prior negative experiences with the health care
system, poor counseling and breaches of confidentiality from
medical staff (BOX 2) [57,71]. Other psychosocial or individual-
related barriers that FSWs have also reported include fear of
treatment failure and side effects, fear of adverse consequences
as a result of others knowing their HIV status and sex work

occupation and belief in potential cure by alternative medicines
(BOX 2) [57,71].

Retention in ART programs

For HIV-infected individuals who have initiated ART, reten-
tion in treatment programs with uninterrupted ART and con-
tinual monitoring is essential for optimal treatment outcomes
and sustained viral suppression [3]. Attrition from ART pro-
grams can be due to a number of reasons, including LFU,
treatment discontinuation and death [33,75].

Three research cohorts in Africa have reported on treatment
attrition among FSWs following ART initiation [33,52,74–78].
In one of these cohorts in Burkina Faso, 9% of FSWs had
died after 36 months on ART and 4% were lost to follow-up a
median of 32 months after ART initiation [52,78]. In another
cohort in Mombasa, 1 year after starting ART, 10% of FSWs
had discontinued ART, 6% were lost to follow-up and 5% had
died [76,77]. Total treatment attrition in this Mombasa cohort
(i.e., treatment discontinuation and LFU and death) was simi-
lar to the total attrition after 12 months on ART found among
the general population in sub-Saharan Africa (23%) and across
the general population in 92 low- and middle-income countries
in 2010 (19%) [33,79]. These data suggest that treatment

ART-eligible initiating ART
(during follow-up)

HIV+ initiating ART
(during follow-up)

HIV+ currently on ART

HIV+ ever used ART

Stopped ART after 12 months

LFU on ART

Died on ART

No longer on ART
(if ART-experienced)

>95% adherent to ART

On ART and virally suppressed

0 20 40 60

 Percentage (%)

Pooled estimate

Africa

Asia

North America

South America
Central America
and the Caribbean

80 100

Figure 2. Antiretroviral therapy uptake, attrition, adherence and viral suppression among HIV-infected female sex workers.
We present a summary of the findings from a recent systematic review and meta-analysis that we conducted [49]. Dots represent avail-
able study estimates, color coded by region, for each measure. Some studies provided multiple estimates per outcome measure (e.g., the
same outcome at different time points), but here we only plot one estimate per study (e.g., most recent estimate). The gray bars
represent pooled estimates (study estimates pooled using a DerSimonian and Laird random effects model) [49].
ART: Antiretroviral therapy; LFU: Loss to follow-up.
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retention among FSWs may be good, at least over the first few
years of ART use. However, the fraction of ART-experienced
FSWs reporting that they no longer use ART is much more
varied, ranging between 8 and 47% across three studies in
Canada, USA and the Dominican Republic [58,62,71]. In Zim-
babwe, FSWs have reported a number of barriers that limit
their retention in care and use of treatment services, including
stigma and discrimination from medical staff, anxiety about
others knowing that they were sex workers, waiting times at
clinics, additional medical costs and traveling times to health
clinics [80].

Adherence & viral suppression

Once treatment is initiated, poor adherence to ART can
result in failure to suppress viral replication and development
of viral resistance [81]. Suppressing viral load is essential for
preserving or restoring immunological function, reducing

HIV-related mortality and preventing HIV transmission [82,83].
While original ART regimens required 95% adherence to
treatment to achieve viral suppression [84], new ART regi-
mens can achieve viral suppression with lower levels of
adherence [85].

Data from the few available studies in Africa, North Amer-
ica, and Central America and the Caribbean suggest that a
high proportion of FSWs (76%, 95% CI: 68–83%) can
achieve ‡95% adherence [49]. Despite a variety of different
methods of assessment (e.g., pill count, self-report and visual
analog scale) and recall periods (e.g., past 3 days, past week,
past month), levels of adherence were consistently high across
these FSW study populations [47,52,58,62,67,74,78,86,87], and
appeared similar to or higher than adherence levels found
among HIV-infected individuals from the general population
in both sub-Saharan Africa and North America, where overall
77% (95% CI: 68–85%) and 55% (95% CI: 49–62%) of
individuals on ART were >80% adherent to treatment, respec-
tively [49,88]. In addition, overall adherence among FSWs across
these studies is similar to that seen among women in the gen-
eral population, where 62% of women were estimated to be
‡90% adherent to treatment [89], and in a study in Burkina
Faso, adherence levels did not differ significantly between
FSWs and other HIV-infected women enrolled who were not
FSWs [78]. Conversely, in a study in Benin, poorer adherence
was found among FSWs compared to patients from the general
population, although adherence among FSWs was still very
high (>95% adherence was reported by FSWs at 81% of fol-
low-up visits during the first year on ART) [90]. Factors
reported by FSWs to contribute to nonadherence include for-
getting to take pills, feelings of hunger or sickness when taking
pills, running out of pills, not being at home to take pills, lack
of food to take with medication and potential loss of
income if clients see FSWs taking ART during sex work hours
(BOX 3) [47,57,90].

A limited number of studies in Africa, Asia, and Central
America and the Caribbean also indicate that between 40 and
82% of FSWs are able to achieve viral suppression following
ART initiation [49,52,62,73,77,78,91]. The variability in estimates is
likely due to a number of factors, such as differing time on
ART, different definitions of viral suppression and varied levels
of adherence. For example, FSWs in a research cohort in Bur-
kina Faso who had high levels of viral suppression after 6 to
36 months on ART (79–82%) also had high levels of adher-
ence after 6 to 36 months on ART (83–100% were >95%
adherent to ART) [52,78].

The HIV care cascade & ART use in FSWs: impact on
population-level HIV transmission
What do existing mathematical models tell us?

Very few mathematical modeling studies have looked at the
impact of the HIV care cascade and ART use in FSWs on HIV
transmission from FSWs to their clients and from FSWs and
their clients to the wider population [92–94]. Of these studies, most
have focused on the earlier stages of the FSW HIV care cascade,

Box 2. Barriers to antiretroviral therapy initiation
reported by female sex workers [57,71].

Structural

• Inability to attend regular medical appointments

• Long hospital admissions for individuals starting ART

• Lack of time to take medication and adhere to regimens

• Lack of adequate food

• Loss of wages during visits to ART centers

• Loss of income and clients if seen taking ART during work

hours

• Prior negative experiences with the health care system

• Negative experiences of other FSWs with the health care

system

• Unfriendly and stigmatizing attitude of medical staff

• Poor counseling and inadequate information on ART

• Lack of privacy for counseling

• Breaches of confidentiality by health care workers

• Difficulty getting treatment without referral from nongov-

ernmental organizations (NGOs)

• Stigma and discrimination related to sex work and HIV

Psychosocial or individual

• Fear of treatment side effects and failure of treatment

• Fear of others knowing or suspecting HIV status and

occupation

• Fear of adverse consequences as a result of HIV status dis-

closure, for example, domestic violence, eviction from the

family home, and rejection by family members, society and

other FSWs

• Lack of family support for taking medication

• Belief in potential cure by alternative medicines

• Unwillingness to stop drinking alcohol while taking

medication

• Concerns that they will forget to take medication during

sex work hours
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assessing either the impact of improving FSWs’ access to testing
and treatment or prioritizing FSWs for earlier ART initiation.

An early study by Nagelkerke and colleagues modeled the
impact of individually implementing different behavioral and
ART-based interventions, among FSWs, their clients and the
general population, in Botswana and India [94]. They found
that recruiting either all HIV-infected individuals (including
FSWs) or only FSWs into ART programs, at an annual rate of
50% (i.e., an average of 2 years between infection and receipt
of ART) but with a 25% annual rate of drug-resistance devel-
opment for those on ART, could reduce HIV prevalence in
the total population 20–30% below the baseline HIV preva-
lence seen in the absence of any interventions in key or general
populations over 30 years [94]. Kato and colleagues modeled
the impact of periodic testing and immediate treatment strate-
gies for key populations including FSWs (who do and do not
inject drugs), clients of FSWs, people who inject drugs, men
who have sex with men and low-risk women in Vietnam [92].
Targeting annual periodic testing and immediate treatment to
FSWs was estimated to reduce the cumulative number of new
infections among all key populations between 2011 and
2050 by 31%, compared to the baseline scenario where 64%
of all those eligible for ART (ART eligibility at CD4 counts
<350 cells/mm3) receive treatment [92]. A recent study by Mis-
hra and colleagues used detailed clinical data to predict the
population-level impact of expanding ART in different settings
in South India beyond that achieved by existing ART programs
(ART eligibility at CD4 counts £350 cells/mm3 with medium-
good ART coverage) and existing high levels of condom use
and HIV testing among FSWs [93]. They estimated that maxi-
mizing FSWs’ access to ART (increasing HIV testing rates to
80% with 100% linked to and retained in pre-ART care), or
prioritizing FSWs for ART initiation at CD4 counts
<500 cells/mm3, over the next 10 years, could potentially pre-
vent an additional 1–2% and 1–9%, respectively, of HIV infec-
tions in the total population, over what would be achieved by
sustaining the existing ART program and effective condom-
based intervention among key populations [93]. Recent model-
ing work for settings in Vietnam and India have also shown
that it can be cost–effective to prioritize FSWs for increased
ART eligibility and ART scale-up [92,95].

Taken together, the results of these few modeling analyses
suggest that in a number of settings increasing ART eligibility
criteria for FSWs and maximizing FSWs’ access to HIV testing
and treatment may reduce HIV transmission from FSWs to
the wider population and be cost–effective. However, these
modelling studies also highlight that the magnitude of impact
possible from FSW-focussed ART expansion strategies will
depend on the setting, epidemic and intervention context. For
example, as shown by Mishra et al., when existing interventions
for FSWs are already very good and already contribute to large
reductions in HIV transmission from FSWs to the general pop-
ulation, then ART-based intervention strategies for FSWs may
have little additional benefit. However, as also shown by
Mishra et al., if access to ART among FSWs is instead

maximized in a population that has a poor existing ART pro-
gram and initially lower levels of condom use and HIV testing
among FSWs, then a larger fraction of infections may be pre-
vented (8–29% of infections over 10 years vs only 1–2% of
infections over 10 years when existing interventions among
FSWs are already good) [93].

Using model simulations to illustrate the influence of the

FSW HIV care cascade on HIV transmission among FSWs &

their clients

We constructed a deterministic compartmental model simulat-
ing HIV transmission between FSWs and their clients to
explore the influence of the FSW HIV care cascade on HIV
transmission (see SUPPLEMENTARY APPENDIX [supplementary material
can be found online at www.informahealthcare.com/suppl/
10.1586/14787210.2014.948422]). Using this mathematical
model and the existing estimates of FSW engagement in the
HIV care cascade, we look at the impact of current versus
improved engagement of FSWs in the HIV care cascade on
HIV transmission between FSWs and their clients. These
model simulations are intended to be illustrative and provide
only rough estimates of the magnitude of impact that varied
levels of FSW engagement in the HIV care cascade could have
on HIV transmission.

Our model includes five different stages of HIV infec-
tion (susceptible to HIV, primary HIV infection, infected
with CD4 count: >350 cell/mm3, 200–350 cell/mm3 and
<200 cell/mm3 (AIDS)) and three different treatment stages
for those infected (not started on ART, on ART and virally
suppressed, and virological treatment failure or treatment dis-
continuation). Different stages of the HIV care cascade,
including pre-ART care stages (HIV testing, enrollment into
care after HIV testing and ART initiation after enrollment
into care) and ART care stages (treatment discontinuation,
LFU and nonadherence to ART) (FIGURE 1), are incorporated
into treatment-related parameters in the model (see SUPPLEMENTARY

APPENDIX). Key model assumptions, epidemic characteristics and
behavioral and biological parameter values used in the model
simulations are shown in TABLE 3.

Box 3. Barriers to antiretroviral therapy adherence
reported by female sex workers [47,57,90].

Structural

• Running out of pills

• Not being at home to take pills

• No food to take with medication

• Loss of income and clients if seen taking ART during sex

work hours

• Imprisonment or hospitalization

Psychosocial or individual

• Feelings of sickness when taking pills

• Feelings of hunger when taking pills

• Forgetting to take pills
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We first explore the impact of FSWs’ current engagement in
the HIV care cascade on HIV transmission among FSWs and
their clients. For this scenario, we use estimates of FSW
engagement in the HIV care cascade that are extracted from
the studies reported in this review: 50% tested and know their
results each year, 85% of those tested enroll in care each year,
50% of those enrolled in care initiate ART each year, 10%
stop treatment each year, 6% are lost to follow-up each year
and 8% are nonadherent each year (TABLE 4) [47,49,76,78]. Second,
we explore the impact of improving FSWs’ engagement in the

HIV care cascade on HIV transmission among FSWs and
their clients. We look at the impact of improving FSWs’
engagement in: i) each individual pre-ART care or ART care
cascade stage, ii) all pre-ART care cascade stages, iii) all ART
care cascade stages and iv) all pre-ART care and ART care
cascade stages. We assume that pre-ART care cascade stages
are improved to 100% uptake of testing, 100% enrollment in
care and 100% ART initiation, while ART care cascade
stages are improved to 0% treatment discontinuation, 0% LFU
and 0% nonadherence. For all scenarios, clients maintain

Table 3. Key model characteristics.

Model feature Value or assumption

Ratio of FSWs to clients 1:9

Size of sexually active population Remains constant

Duration of sexual activity 34 years

Turnover of FSWs and clients No turnover of FSWs or clients, so duration in sex work and duration as a client

are equal to the duration of sexual activity

Sexual mixing between FSWs and clients Proportional mixing

Duration in each stage of infection Primary infection: 3 months

CD4 count >350 cell/mm3: 4 years

CD4 count 200–350 cell/mm3: 4 years

CD4 count <200 cell/mm3 (AIDS): 2 years

Infectiousness at each stage of infection Individuals with primary infection or AIDS are nine-times and seven-times as

infectious, respectively, as those in other stages of infection. However, it is

assumed that those with AIDS who are not on effective treatment and virally

suppressed do not transmit infection due to sexual inactiveness from severity of

disease

Condom use 85% of FSWs and clients use condoms in all commercial sex acts

Efficacy of condoms Condoms reduce HIV transmission by 90% per sex act

Equilibrium HIV prevalence 20% in FSWs

7% in clients

Start of ART intervention Introduced into model when equilibrium HIV prevalence reached

Eligibility criteria for ART initiation CD4 count <350 cell/mm3 (as per most guidelines currently)

Impact of ART on infectiousness Leads to viral suppression and 96% reduction in infectiousness

Impact of ART on disease progression Halts disease progression, but those who fail treatment or discontinue ART

progress through disease at the same rate as treatment-naı̈ve individuals

Impact of ART on HIV attributable mortality and

AIDS death

Reduces mortality by 50%

ART discontinuation Individuals discontinuing ART are assumed to no longer be virally suppressed

ART adherence Nonadherent individuals (those with <95% adherence) are assumed to fail

treatment and thus no longer be virally suppressed

Lost to follow-up on ART Individuals lost to follow-up on ART are assumed to discontinue or fail treatment

and thus are assumed to no longer be virally suppressed

Treatment reinitiation/return to effective ART Individuals who have discontinued ART can reinitiate ART and those nonadherent

who have failed treatment can return to effective treatment (on ART and virally

suppressed)

ART: Antiretroviral therapy; FSWs: Female sex workers.
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current estimates of engagement in the
HIV care cascade, which are based on
study estimates from clients if available
or the general population (TABLE 4)

[13,33,88,96,97].
FIGURE 3A presents the fraction of new

infections averted among FSWs and
their clients in the short and long term
(after 5 and 20 years of treatment) due
to current or improved levels of FSW
engagement in the pre-ART care and
ART care cascade stages when compared
to a scenario where FSWs receive no
HIV care or treatment. FIGURE 3B shows
the fraction of HIV-infected FSWs who
are on treatment and virally suppressed
after 5 and 20 years of treatment for
each corresponding simulation presented
in FIGURE 3A. We show that with the
assumed current levels of FSW engage-
ment in the HIV care cascade, and an ART eligibility
criteria of <350 cells/mm3, a modest fraction of new HIV
infections among FSWs and their clients could be averted in
the long term (13% after 20 years), compared to no ART
for FSWs (FIGURE 3A). Individually improving levels of HIV
testing, enrollment in HIV care, initiation of ART, treat-
ment discontinuation, LFU on ART or nonadherence, mar-
ginally increases impact in the long term (17, 14, 17, 15,
14 and 15% of infections averted after 20 years, respec-
tively, compared to no ART for FSWs) (FIGURE 3A). Greater
impact can only be achieved if multiple HIV care cascade
stages are improved simultaneously, for example, improving
all pre-ART care stages (22% of infections averted after
20 years, compared to no ART for FSWs), or all ART care
cascade stages (23% of infections averted after 20 years,
compared to no ART for FSWs) (FIGURE 3A). The maximum
impact is achieved when all the pre-ART care and ART care
cascade stages among FSWs are simultaneously improved
(41% of infections averted after 20 years, compared to no
ART for FSWs) (FIGURE 3A). This occurs because to maximize
impact a large fraction of FSWs need to be virally sup-
pressed to reduce HIV transmission. As you improve
engagement at each stage of the cascade individually and in
combination, a greater number of FSWs start and remain
on ART and achieve and maintain viral suppression
(FIGURE 3B).

Expert commentary
Available data suggest that we can be cautiously optimistic
that FSWs can be enrolled and will remain in ART pro-
grams, and achieve reductions in infectivity, at least in the
short term in these research settings, and sometimes to the
same extent as the general population. However, our review
highlighted that despite the strong momentum to roll-out
ART globally over the past decade, and the growing body of

literature on the HIV care cascade, there is limited data on
ART scale-up and the HIV care cascade among
FSWs [1,10–12,49,98–100]. Although a number of countries have
reported HIV testing data for FSWs, data on linkage to HIV
care and retention in HIV care after HIV testing and prior
to ART initiation is not well documented, and unpublished
data indicate that retention in HIV care prior to starting
ART may be particularly poor (over 80% of FSWs in Benin
were lost to follow-up from HIV care within 2 years prior to
starting ART (Personal Communication, MA, Canada)).
However, if FSWs were to be prioritized when implementing
strategies such as TasP, which would mean immediate treat-
ment for all HIV-infected FSWs regardless of CD4 count,
then retaining FSWs in HIV care until they are eligible for
ART would no longer be an issue in the HIV care cascade.
Estimates of ART uptake are variable across settings, and
with the heterogeneity in ART initiation criteria and time
periods of data collection across these studies, interpreting
these data is difficult. Levels of treatment retention, adher-
ence and viral suppression among FSWs are encouraging,
but the existing data cover relatively short time periods, so
treatment outcomes among FSWs may look different in the
long term. In addition, most of these studies were conducted
in research settings, thus estimates of treatment retention,
adherence and viral suppression cannot be generalized to
routine nonresearch settings that are likely to have less inten-
sive follow-up and adherence counseling. Overall, the avail-
able studies represent very few settings. Studies reporting on
linkage to HIV care, ART uptake, treatment retention,
adherence and viral suppression were conducted in only a
handful of countries in Africa, Asia, North America, South
America, and Central America and the Caribbean, and most
were conducted in research contexts. Most of these studies
were also conducted when CD4-based ART eligibility criteria
were still £350 or £200 cell/mm3. The HIV care cascade

Table 4. HIV care cascade values used in model simulations (current
engagement).

HIV care cascade stage Female sex workers Clients

Pre-ART care

% HIV positive tested (per

year)

50 [33] 16 [33]

% Tested enrolled in HIV

care (per year)

85 [47] 70 [96]

% Enrolled in care initiating

ART (per year)

50 [47] 65 [13]

ART care

% Stopped ART (per year) 10 [49,76] 3 [97]

% Lost to follow-up

(per year)

6 [49,76] 8 [97]

% Nonadherent (per year) 8 [49,78] 20 [88]

ART: Antiretroviral therapy.
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Figure 3. Impact of current and improved levels of FSW engagement in the HIV care cascade on (A) % of infections averted
among FSWs and their clients over 5 and 20 years of treatment initiated at CD4 counts <350 cells/mm3 when compared to
no ART for FSWs and (B) % of HIV positive FSWs on treatment and virally suppressed after 5 and 20 years of treatment
initiated at CD4 counts <350 cells/mm3. Current estimates of FSW engagement in pre-ART care and ART care cascade stages are as
follows: 50% tested and know their results each year, 85% tested enroll in care, 50% enrolled in care initiate ART, 10% stop treatment
each year, 6% are lost to follow-up from treatment each year and 8% are nonadherent each year. For all other simulations, only the
HIV care cascade stages indicated are improved to either 100% for pre-ART care stages or 0% for ART care stages, while all other stages
are held constant. Client engagement in the HIV care cascade is kept constant for all simulations at current estimates (TABLE 4).
ART: Antiretroviral therapy; FSW: Female sex worker; LFU: Loss to follow-up.
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among FSWs might look different when CD4-based eligibil-
ity is increased. In addition, FSWs are a hard population to
reach, so available data on the HIV care cascade are
restricted to the FSWs we know about and that self-identify
as FSWs, which may mean that studies are not always
completely representative of FSWs in a given setting. Thus,
estimates of ‘real-life’ coverage and retention in the HIV care
cascade remain uncertain for FSWs, which makes it difficult
to draw conclusions on the potential impact and feasibility
of introducing ART-based HIV prevention strategies for
FSWs. It is essential that program data on the FSW HIV
care cascade is actively collected and reported in a range of
‘nonresearch’ routine HIV care programs and settings to
enable the monitoring and evaluation of HIV care and treat-
ment among FSWs. Integrated biological behavioral assess-
ment surveys among FSWs could provide useful additional
estimates of engagement in ART care. For example, an inte-
grated biological behavioral assessment report on FSWs in
Mozambique indicated that 50% of HIV-infected FSWs
were on ART [101].

Qualitative data highlight the numerous structural, psycho-
social and individual barriers that commonly impact the abil-
ity of FSWs to undertake HIV testing, initiate and remain
on ART and adhere to treatment, including lack of time to
undergo testing or visit ART centers or take medications,
potential loss of income from visiting the ART center
or from losing clients if seen taking ART, fear of others
knowing their HIV status and sex work occupation, and
the stigmatizing attitude of medical staff (BOXES 1–3)

[34,35,40,41,47,57,71,80,90,102]. However, there is a need to elucidate
further the context-specific factors that are associated with
poor engagement of FSWs in the HIV care cascade. For
example, numerous structural factors, such as physical and
sexual violence from clients and police, criminalization of sex
work, workplace drug and alcohol use and mobility of sex
workers, that have been associated with increased HIV risk
and inconsistent condom use among FSWs may also impact
the ability of FSWs to engage in the HIV care cascade and
access HIV prevention services [103]. Identifying and imple-
menting effective and sustainable interventions that tackle
the barriers to FSW engagement in the HIV care cascade
and that facilitate the uptake of HIV testing, linkage to HIV
care, initiation of ART, retention in care and treatment
adherence among FSWs is crucial and will be vital when
implementing new ART programs and ART-based interven-
tions for FSWs. Harm reduction strategies, such as peer edu-
cation, sensitivity training among health care staff, and
community mobilization and empowerment, which have
already been successful at mitigating some of the harms asso-
ciated with sex work (e.g., HIV and STI infections, discrimi-
nation and violence), could be utilized as strategies to
facilitate and improve uptake of HIV testing and access to
HIV care and treatment among FSWs [20,62,80,104]. Tailoring
HIV care and ART services to the needs of FSWs, for exam-
ple, with mobile services and extended opening hours of

HIV care and ART facilities and integrating these tailored
services into the scale-up of existing small-scale dedicated
FSW HIV prevention programs could also help improve
engagement of FSWs in the HIV care cascade [15,52,86,104,105].
Where sex work and injecting drug use overlap, combining
drug-related harm reduction strategies, such as needle and
syringe exchange programs, supervised injecting facilities and
opioid substitution therapy, with harm reduction strategies
for sex workers could also help simultaneously tackle the sex
work and drug-related factors that might prevent FSWs who
are injecting drug users from accessing and remaining on
ART with good adherence [28,104,106–110].

Available modeling studies suggest that in some settings
ART programs for FSWs may help reduce HIV transmission
among clients and the wider population, and have in the
longer term prevention benefits among FSWs themselves
through herd effects following a decline in HIV prevalence
among their clients [111,112]. However, the extent to which
focused ART programs for FSWs may help control the HIV
epidemic will vary across settings and will depend on key
factors such as the contribution of FSWs and sex work to
the overall epidemic, which can be substantial even in high-
prevalence settings [113]; the coverage of ART and the frac-
tion of HIV-infected FSWs achieving viral suppression,
which depends on achieving optimal engagement in all stages
of the HIV care cascade (FIGURE 3) and the existing level of
other interventions already in place [93]. Recent modeling
studies on a range of HIV interventions suggested that tar-
geting key populations at higher risk of HIV infection is
more efficient than a more uniform prevention approach
[93,112]. However, Mishra et al. also showed that the incre-
mental impact of expanding ART in terms of additional
number of new infections averted (compared to maintaining
existing ART programs) will be modest in settings with
existing effective interventions such as condom use. The
study by Mishra et al. also suggested the importance of
achieving high levels of condom use (irrespective of ART
availability) prior to ART expansion to help reduce ART
needs (i.e., because less people are infected to start with).
Having any FSW HIV prevention program already in place
can also greatly facilitate and improve access to HIV
testing [114].

Very few modeling studies have focused specifically on the
role of the FSW HIV care cascade in HIV transmission and
the impact that improving different stages of the FSW HIV
care cascade could have on epidemic control. Although our
modeling simulations do not take into account transmission
from FSWs and their clients to the general population and
use estimates of FSW engagement in the HIV care cascade
from a number of different settings, and thus do not focus
on any particular epidemic context, they provide important
preliminary insights into the potential influence of the FSW
HIV care cascade on HIV transmission among FSWs and
their clients. Our preliminary modeling results suggest that
improving engagement at all stages of the FSW HIV care
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cascade will likely be needed to have the largest impact on
HIV transmission among FSWs and their clients. These
results are in agreement with findings from a recent review
paper of the HIV care cascade in HIV-infected individuals in
the USA, which also showed that improving any single stage
of the HIV care cascade would have minimal impact on the
proportion of HIV-infected individuals virally suppressed,
and that simultaneously improving engagement in multiple
stages of the HIV care cascade would be needed to substan-
tially increase the proportion of individuals virally sup-
pressed [11]. However, better characterization of the entire
cascade of HIV care for FSWs in specific epidemic contexts
will be needed if we want to accurately predict the impact
that FSWs’ engagement in the HIV care cascade has on HIV
transmission in specific settings, and this will also help direct
our efforts to the stages of the HIV care cascade that need
improvement. Further modeling work, looking at the contri-
bution of the FSW HIV care cascade to HIV transmission
among FSWs, clients and the wider general population in
specific epidemic settings, is needed. In addition, modeling
studies that look at the impact and cost–effectiveness of
interventions to improve FSW engagement in the HIV care
cascade alone or in combination with other HIV interven-
tions should be undertaken.

Although discussions around the need to implement
focused ART programs among FSWs have lagged behind
those of universal ART access, recent interest in focusing
ART on key populations is encouraging [30]. However, effec-
tive HIV prevention cannot rely on ART alone. There is a
need for new research to optimize the delivery, sustainability
and combination of new biological HIV prevention tools for
FSWs (PrEP and ART) with more traditional behavioral
tools such as condoms which remain a necessary component
of HIV prevention. Designing FSW interventions (including
ART programs for FSWs) will also require setting realistic
expectations about how fast HIV interventions can reduce
HIV incidence or prevalence among FSWs and the general
population [17,115,116], otherwise we risk falsely concluding
that an intervention is not effective, and thereby risk jeopar-
dizing our own prevention efforts.

Efforts are underway to collect more size estimation and sex-
ual behavior data on key populations, including sex workers, in
different settings to improve our understanding of the HIV
epidemic and to pilot different HIV interventions such as
focused ART and PrEP. Combined with modeling studies,
these data should help design more effective prevention pro-
grams to improve the health of FSWs and optimize the HIV
prevention benefits to the wider population. In other settings,

such as Nigeria, large-scale FSW interventions to promote con-
dom use and other prevention and clinical services (including
ART) are being evaluated. Efforts to reduce the structural bar-
riers and stigma experienced by key populations are also
ongoing [62,117–120]. Given this new impetus, prevention of HIV
and provision of HIV care among FSWs seems to be at a
turning point.

Five-year view
Thus, the next 5 years are critical for merging and leveraging
the potential of combination HIV prevention (with ART)
and focused HIV programs in key populations. Carefully and
adequately estimating the contribution of sex work to overall
HIV transmission in different settings and carefully evaluat-
ing the impact and cost–effectiveness of new FSW programs
are two critical aspects of the future research agenda. Esti-
mating the contribution of sex work to overall transmission
is key to determining where interventions targeted to com-
mercial sex are necessary to control the overall epidemic,
especially as current estimates are likely to underestimate the
potential contribution of commercial sex especially in high-
prevalence settings. It is also important that real-life FSW
ART programs are carefully evaluated to increase the evi-
dence base. Characterizing levels of FSW engagement in the
HIV care cascade in both current and future ART programs,
as well as monitoring long-term treatment outcomes and
development of drug resistance among FSWs, will be crucial
aspects of this evaluation.

Results from pilot demonstration projects and modeling
studies will help determine the feasibility, potential
impact and cost–effectiveness of FSW interventions (includ-
ing ART) across the globe [15,121]. Hopefully these efforts will
lead to the scale-up, implementation and improvement of
services and care for FSWs, which in turn, will lead to better
health among FSWs and more efficient reductions in HIV
spread.
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Key issues

• Despite global efforts to roll-out antiretroviral therapy (ART) in the past decade and the growing body of literature on the HIV care

cascade, there is limited data on the HIV care cascade and ART use among female sex workers (FSWs).

• The limited data suggest that a number of HIV-infected FSWs do test for HIV and start ART, and can achieve high levels of treatment

retention, adherence and viral suppression, at least in the short term and within research settings.

• Information on long-term treatment outcomes, and the extent to which FSWs link to and remain in HIV care prior to ART initiation, is

particularly sparse.

• Available information on ART uptake, retention, adherence and viral suppression among FSWs is limited to only a few research study

settings in Africa, Asia, North America, South America, and Central America and the Caribbean.

• Program data on the FSW HIV care cascade should be actively collected and reported in a range of ‘nonresearch’ routine HIV care

programs to enable the monitoring and evaluation of HIV care and treatment among FSWs.

• Qualitative data suggest that FSWs face multiple structural, psychosocial and individual barriers to engaging in the HIV care cascade.

Further research is needed to identify and implement sustainable interventions that address these barriers and improve the HIV care cas-

cade among FSWs.

• Modeling studies indicate that expanded testing and treatment strategies for FSWs may reduce HIV transmission from FSWs to the

wider population, but in regions where other interventions have achieved high uptake among FSWs these strategies may only have

minimal impact on HIV transmission.

• Our preliminary modeling results suggest the need to improve engagement of FSWs at multiple stages of the HIV care cascade to

achieve greater reductions in HIV transmission.

• Carefully evaluating the impact and cost–effectiveness of new ART programs for FSWs as well as undertaking further modeling work on

the FSW HIV care cascade tailored to specific epidemic contexts are important components of the future research agenda.
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