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It is heartening to learn from recent data in multiple settings
that decreasing community viral load through “universal test
and treat” programmes is having a significant impact on HIV
morbidity, mortality and the rate of new HIV infections in
some settings [1-3]. However, focusing only on preventing
transmission from a person already living with HIV to one who
is not, is only half of the equation and will by itself not “end
HIV.” A crucial focus remains preventing acquisition of HIV
infection among people at risk. Achieving this requires that we
strengthen primary HIV prevention programmes because HIV
incidence declines attributable to treatment may be slower
than required to meet global goals [4]; treatment as preven-
tion may have less impact where a high proportion of trans-
mission involves those in early stage HIV infection [5]; and,
critically, because it is essential that individuals and communi-
ties have the autonomy to avoid acquiring HIV if at all possi-
ble.
Happily, the range of efficacious tools for primary prevention

of HIV infection has increased in recent years. These include
condoms, voluntary medical male circumcision, oral pre-expo-
sure prophylaxis (PrEP), clean needles and associated drug use
paraphernalia, as well as a range of behaviours, such as infor-
mation sharing between partners about HIV serostatus, use of
antiretroviral therapy (ART), or HIV viral load before making
decisions about sex and drug-using activities. However, opti-
mism must be tempered by the fact that, although some tools
have been with us for some time, their population impact has
been limited by individual, interpersonal, social (including cul-
tural, economic and political) and structural factors.
The aim of a primary HIV prevention programme is to

increase the uptake and continued use of efficacious HIV pre-
vention tools and other safe behaviours among those who
may be at risk of infection. Achieving this requires strategies
that are appropriate, acceptable and reach those in need. Pro-
grammers can only know how well they are doing in this
regard by collecting and using data in a systematic way. This
special issue of Journal of the International AIDS Society

showcases current thinking on how data can be used to sup-
port decision makers in deploying their resources to maximize
the impact of primary HIV prevention programmes.
Formulating an HIV prevention strategy includes a range of

considerations: whether and how to focus efforts to particular
populations versus implementing a general population
approach; which prevention tools to offer; and, the extent to
which the programme should focus on strengthening motiva-
tion for HIV prevention behaviours, improving supply chan-
nels, and/or supporting the capacity of individuals to enact
HIV avoidance behaviours. Data-informed insights are needed
to support these decisions. The data must go beyond an
assessment of where and among whom new HIV infections
are occurring. Only by understanding the modifiable determi-
nants of risk and barriers to prevention can programmers
select, implement, monitor and strengthen the most appropri-
ate interventions and policies.
This is not a new call. More than 10 years ago, "know your

epidemic, know your response" was positioned as a "rallying
cry" for an intensified HIV prevention response [6]. The need
to renew this message periodically reflects the reality that the
measurement challenges we face in HIV prevention are for-
midable, the determinants of HIV risk are multiple, complex
and interacting, and the barriers to sustained behaviour
change significant. It is clear that interdisciplinary research
and data-driven multi-sectoral planning remain critical to
strengthening primary HIV prevention. The papers in this spe-
cial issue reflect the effort, innovation, and challenges faced
by those who share this vision today.
In responding to our call for papers on "Data-driven HIV

prevention," many (though not all) of the papers attempt to
operationalize an HIV prevention cascade. HIV prevention cas-
cades are a promising framework that can be used to gener-
ate insights from data in many instances. We were pleased to
see the innovation and thought reflected in the papers that
provided cascade models: nevertheless, there remains work to
do. As Auerbach et al. [7] outline, debates about the merits
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and pitfalls of HIV prevention cascades are ongoing, but there
is general agreement that a standardized programme monitor-
ing tool (like the treatment cascade) would be helpful. As the
authors note, emerging consensus identifies the core steps of
primary prevention cascade models for programme monitoring
and research as first characterizing the priority population at
risk, and then tracking motivation, access, uptake and/or effec-
tive use of prevention tools among this population. We use
this prevention cascade structure to provide a brief overview
of the content of this special issue.
Identifying priority populations for whom primary prevention

efforts are to be strengthened is the first job for any HIV preven-
tion strategy. Rice et al. [8] reflect on a pilot of tests of recent HIV
infection in diverse routine HIV testing settings in Kenya and
Zimbabwe and consider the potential use of these tests to help
focus prevention activities. Virkud et al. [9] generate cascades
that show the need for HIV prevention to be strengthened
among those who visit bars, hotels and guest houses in cross-
border areas in East Africa. Sibanda et al. [10] show that new HIV
infections among pregnant mothers are a critical driver of infant
infections in Zimbabwe and highlight the need to strengthen pre-
vention cascades among HIV-negative women.
HIV prevention programmes seek to increase individuals’

motivation to undertake behaviours that will protect them and
others from HIV infection. [11] The HIV prevention cascade
recognizes that the range of relevant behaviours include deci-
sions such as to avoid sex, take PrEP, suggest condom use to
a sexual partner, and be circumcised. An individual’s beha-
vioural intention is also influenced by perceived social norms.
Hill et al. [12] present data from one priority population –
adolescent girls and young women (AGYW) in Malawi – and
carefully examine the relationships between risk perception,
“epidemiological” risk, and the motivation of these young
women to take PrEP. They conclude that motivation remains
lower than optimal and more efforts are needed as PrEP rolls
out. Similarly, Ramautarsing et al. [13] used programmatic data
to document PrEP roll-out among transgender women and
men who have sex with men (MSM) in Thailand. They found
that the biggest gap in the cascade for both population groups
was in demand: many clients who were offered PrEP did not
initiate PrEP because they did not perceive themselves to be
at risk for HIV acquisition.
When people are motivated to use existing HIV prevention

methods, lack of access to them can have population-level
impacts on infection rates. The implications of poor access are
shown by a modelling exercise of couples’ voluntary coun-
selling and testing programmes, which can facilitate prevention
choices, in six African countries presented by Wall et al. [14]
When new methods, such as PrEP, are introduced, gains in
HIV prevention can be made through strengthening supply
channels and breaking down access barriers; but uptake takes
time and is influenced by attitudes and behaviours of provi-
ders and clients. Were et al. [15] use data from the first two
years of PrEP roll-out in Kenya to construct prevention cas-
cades and to highlight missed opportunities in PrEP delivery
and uptake among three priority populations – female sex
workers (FSW), MSM and AGYW. For AGYW, the biggest
missed opportunity was screening. For MSM and FSW, the
biggest missed opportunity was that, among those who were
screened and found eligible for PrEP, the majority did not initi-
ate PrEP despite its availability.

Even when people are motivated, have access to, and initi-
ate HIV prevention measures, social and structural barriers
may impede their capacity to use them consistently. Program-
matic innovation in addressing these barriers remains critical.
Chabata et al. [16] show that knowledge of condom efficacy is
high and availability good among young women who sell sex in
Zimbabwe, and yet consistent use is low, especially among
those young women who recently experienced violence from a
sexual partner. Holmes et al. [17] characterize the relationship
environments of young women in South Africa and how these
influence PrEP use/adherence, secondary distribution of HIV
self-tests to partners, and of sharing information about HIV
status. In a modelling study, Bershteyn et al. [18] demonstrate
how implementation challenges along the prevention cascade
differentially influence the population-level impacts of the use
of oral PrEP and long-acting PrEP in Kenya. Wilson et al. [19]
report on social and structural determinants and patterns of
PrEP use among two sexual minority populations – transgen-
der women and MSM in the United States. They find differ-
ences in the PrEP cascades for the two populations, with
transgender women being more affected by social-structural
issues of poverty, homelessness and unemployment than
MSM. Their paper underscores the need to distinguish and
specify priority populations, and to identify the particular HIV
prevention gaps, barriers and approaches relevant to each.
As Auerbach et al. [7] note, and the aforementioned exam-

ples attest, while the cascade model has proven to be useful
for monitoring progress and gaps in HIV prevention program-
ming in many settings, it does have limitations. Dumchev et al.
[20] present an analysis of data from an integrated bio-be-
havioural survey in Ukraine to assess the HIV prevention cas-
cade for people who inject drugs. They find that in their
context there was little consistency between their “access to
services” and “effective use” measures, given that people who
inject drugs often obtain sterile syringes from sources other
than the programmes being monitored.
Across the papers included in this special issue, authors are

striving for a strengthened feedback loop, from data to pro-
gramming decisions, for primary HIV prevention to support
implementers and managers to deploy the interventions that
are most needed to address the determinants of risk in their
settings. Most papers use existing data streams to populate
their cascade models, and many identify significant measure-
ment and interpretation challenges in operationalizing key ele-
ments of the cascade. Further innovation remains essential to
strengthen our capacity to track cascades and thereby
strengthen the right intervention mix. Generally, it is not feasi-
ble to create new data sources or make fundamental changes
to existing data sources to inform prevention programming.
However, more work would be useful to establish the extent
to which minor changes to routine data systems, including fur-
ther integration of qualitative enquiry, would be feasible for
different settings, populations and methods that would
improve the validity and utility of the cascades that can be
generated.
Most of the papers submitted for the special issue focussed

on single methods of prevention. To some extent this may
reflect the continuing siloing of programmes for different pre-
vention methods despite the common call for combination
prevention approaches [21]. In principle, it is quite possible to
create HIV prevention cascades for combination prevention
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[22] and we would encourage more attempts to do this. We
would also like to see a greater effort to bring HIV prevention
cascade thinking into modelling efforts that often guide pro-
gramme decision making. Again, a greater focus on qualitative
and participatory data enquiry that unpacks the reasons for
drop offs in the cascade, could also accelerate the loop from
data to programmatic improvement.
We applaud the authors of the papers in this series for

grappling with some thorny issues in primary HIV prevention
data collection and, particularly, cascade analysis. We hope
readers find this special issue helpful in their own efforts to
strengthen ongoing monitoring, evaluation and advocacy of
HIV prevention to meet global goals by 2030.
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A tale of two cascades: promoting a standardized tool for
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Abstract
Introduction: To achieve significant progress in global HIV prevention from 2020 onward, it is essential to ensure that appro-
priate programmes are being delivered with high quality and sufficient intensity and scale and then taken up by the people
who most need and want them in order to have both individual and public health impact. Yet, currently, there is no standard
way of assessing this. Available HIV prevention indicators do not provide a logical set of measures that combine to show
reduction in HIV incidence and allow for comparison of success (or failure) of HIV prevention programmes and for monitoring
progress in meeting global targets. To redress this, attention increasingly has turned to the prospects of devising an HIV pre-
vention cascade, similar to the now-standard HIV treatment cascade; but this has proven to be a controversial enterprise,
chiefly due to the complexity of primary prevention.
Discussion: We address a number of core issues attendant with devising prevention cascades, including: determining the pop-
ulation of interest and accounting for the variability and fluidity of HIV-related risk within it; the fact that there are multiple
HIV prevention methods, and many people are exposed to a package of them, rather than a single method; and choosing the
final step (outcome) in the cascade. We propose two unifying models of prevention cascades - one more appropriate for pro-
gramme managers and monitors and the other for researchers and programme developers - and note their relationship. We
also provide some considerations related to cascade data quality and improvement.
Conclusions: The HIV prevention field has been grappling for years with the idea of developing a standardised way to regu-
larly assess progress and to monitor and improve programmes accordingly. The cascade provides the potential to do this, but
it is complicated and highly nuanced. We believe the two models proposed here reflect emerging consensus among the range
of stakeholders who have been engaging in this discussion and who are dedicated to achieving global HIV prevention goals by
ensuring the most appropriate and effective programmes and methods are supported.

Keywords: HIV prevention cascades; HIV prevention programmes; prevention monitoring; programme improvement; key and
vulnerable populations; public health; intervention
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1 | INTRODUCTION

The UN Political Declaration of 2016 outlined key 2020 Glo-
bal Prevention Targets and Commitments that included reducing
the numbers of people newly infected with HIV to fewer than
500,000 per year (a 75% reduction against 2010 targets),
reducing the number of adolescent girls and young women
newly infected with HIV globally to below 100,000 per year,
and ensuring that 90% of people at risk of HIV infection have
access to comprehensive HIV prevention services. Notwith-
standing a 16% reduction in HIV incidence overall between
2010 and 2018, it is clear that, as we have entered the year
2020, these global targets will not be met. To achieve signifi-
cant progress from 2020 onward, it is essential to ensure that
appropriate HIV prevention programmes are being delivered

with high quality and sufficient intensity and scale and taken
up by the people who most need and want them to have pub-
lic health and epidemic impact.
Yet, currently, there is no standard way of assessing this.

To redress this, attention increasingly has turned to the pro-
spects of devising an HIV prevention cascade, similar to the
now-standard HIV treatment cascade; but this has proven to
be a controversial enterprise, chiefly due to the complexity
of primary prevention. We believe there is a way forward
with two versions of a prevention cascade—a basic model
that can be used by programme managers applying routine
data, and an expanded model that can be used by research-
ers (working with programme managers) and public health
policy makers who have access to and can generate addi-
tional types of data.
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2 | DISCUSSION

2.1 | The value of prevention cascades

Prevention cascades have multiple, potential and somewhat
overlapping uses. They can provide: a logical framework summa-
rizing actions taken by individuals across a population that can
prevent HIV acquisition; a management tool to focus on gaps
and related barriers and bottlenecks and identify potential for
programmatic improvement; and an advocacy tool for indicating
points for intervention to enhance programme effectiveness.

2.2 | Issues in devising a prevention cascade
framework

Notwithstanding their potential value, a number of core issues
and nuances have made it difficult to reach consensus in the
field about how to devise HIV prevention cascades and to
agree on one shared model. We address some of these below.

2.2.1 | Presentation of Cascade

Two different models of presenting the elements (or steps) in
cascades have been used in the field, making comparisons in
HIV treatment progress across locales difficult [1]. In one, the
denominator remains the same for each step - for example all
people living with HIV; in the other, the denominator of each
step is derivative from the step before—for example people
living with HIV who know their status, of those, the propor-
tion on ART, of those, the proportion who are virally sup-
pressed [2]. The choice of model will, of course, influence its
interpretation. Many in the HIV prevention field have been
using “cascade” to signify models that show derivative denomi-
nators [3-7], as we do in the remainder of this commentary.

2.2.2 | The initial denominator

Determining the beginning denominator - the population of
interest - in an HIV prevention cascade can be challenging.
For HIV prevention, there is no uniform, clearly defined popu-
lation in need (as compared with all people living with HIV for
the treatment cascade), but several populations that have dif-
ferent characteristics and vulnerabilities to HIV infection.
Moreover, HIV prevention is neither a uniform nor a linear
process; people move in and out of situations of risk affected
by a range of psycho-social, interpersonal and demographic
characteristics. This also means that within populations that
are defined as “at risk” because of their overall HIV incidence
or prevalence, for example female sex workers (FSW), there is
heterogeneity of risk [8]. As with any group categorised
according to epidemiological risk factors there is an averaging
of risk across a heterogeneous population. In choosing a popu-
lation focus there is a trade-off in the level of risk and the
number of people covered.
Although primary prevention cascades focus on those who

are HIV negative, many HIV prevention programmes do not
begin with HIV testing to determine who definitely is unin-
fected in order to focus the promotion of primary prevention
methods on them. In some cases, prevention programmes are
even intentionally delivered to a population that includes both
HIV-positive and HIV-negative individuals with a specific type

of risk for either transmission or acquisition, for example all
people with non-regular partners, for whom condoms would
be recommended, which can complicate the denominator. With
all these nuances in mind, size estimates of the population of
interest provide the best, albeit imperfect method for deter-
mining the initial cascade denominator.

2.2.3 | Time covered by the cascade

Risk of HIV acquisition is cumulative over exposures occurring
over time. The timeframe that the prevention cascade covers
could vary depending on the intensity of risk and the duration
prevention programmes are in place. In assessing HIV preven-
tion programmes, it makes sense to track cohorts or to sample
populations cross-sectionally with time periods short enough
to measure changes in appropriate use of interventions. In
treatment cascades it is not always clear whether the
90:90:90 target refers to a specific moment in time, or is
cumulative diagnosis, ART initiation and viral suppression for
the cohorts of those infected. For prevention, the cascade
should be assessed as a function of time; using convenient
durations, such as a month or a year, as a standard timeframe
will allow for comparability across prevention cascades.

2.2.4 | Multiple prevention options

People at risk of HIV often are presented with more than one
option of prevention method, unlike the fairly singular ART
option that is monitored through the treatment cascade [9].
Sometimes prevention method options are delivered simulta-
neously in a package, for example one that promotes condoms
and pre-exposure prophylaxis (PrEP) and provides economic
support for adolescent girls and young women. Measuring the
effect of a prevention package as a whole, while desirable,
becomes tricky. The prevention package can be thought of as
the activities undertaken to ensure that prevention methods
are effectively used. Looking at the combined cascades gener-
ated by a prevention package allows the effectiveness of the
package to be assessed. These realities of prevention pro-
gramming mean that multiple, differentiated prevention cas-
cades - by population and prevention method - are necessary.
These can follow a uniform framework, but their characteris-
tics and data points will be different. Fearon and colleagues
[10] provide an example of a cascade, based on routine pro-
gramme data, for each of two prevention methods provided
to female sex workers - condoms and PrEP - showing where
they overlap. This may be as close to assessing combination
packages as we can come, outside of a large-scale randomized
community trial comparing the efficacy of different packages
within similar populations, which, in fact, have not proven
fruitful in the test and treat arena [11-14].

2.2.5 | The final outcome

Deciding what exactly is and should be the ending point (the
measured and reported outcome) for prevention cascades
fundamentally depends upon the purpose of the cascade. If
the focus is on programme coverage and the uptake and use
of the prevention method(s) promoted by that programme,
then the endpoint would be correct and consistent use (ad-
herence or persistence) of the prevention method(s). If the
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focus is on evaluation or impact of the programme on HIV
infection rates (incidence), then the endpoint would be
remaining HIV negative. The latter is much more difficult to
measure directly in a cascade model, as it requires a combina-
tion of programme data, behavioural surveys or interviews
and HIV testing. But it can be based on estimates of efficacy
when correct and consistent use is known. This is similar to
how viral suppression - not decreased morbidity, mortality,
and/or onward transmission - is used as the final outcome in
the treatment cascade.
Because cascades measure the reduction in risk across indi-

viduals but do not account for reduced exposures as the
prevalence of infection falls, they provide a partial population
level measure of the impact of prevention interventions.
Where capacity exists, researchers can work with programme
implementers to estimate infections averted through mathe-
matical modelling of the acquisition and transmission of HIV
and the population dynamics of infections and other extrapola-
tion methods.

2.3 | Two unifying cascade models

While the issues noted above continue to be debated, a few
consensus meetings have reached the conclusion that HIV

prevention programme managers at national and sub-national
levels and from government and non-governmental organisa-
tions who are involved in the implementation, administration,
monitoring and evaluation of HIV prevention programmes
would benefit from having a standardised cascade model, like
the treatment cascade, to monitor their progress and identify
gaps and opportunities for improvement [15]. The advantage
of a relatively simple, generic model is that it promotes com-
parability over time, across populations, between sub-groups
of a population, across geographical areas and between pre-
vention methods. Moreover, it can be populated with routine
programme data and survey data.
A collaboration of global partners, including the authors and

representatives from UNAIDS, WHO, and a number of
national HIV prevention programmes, are developing opera-
tional guidance for creating basic HIV prevention cascades
that can be used as a programme management tool [16] that
can describe what is being provided and used by a given pop-
ulation and determine where the gaps lie for the purposes of
informing programme improvement, as shown in Figure 1
(model a). This basic cascade model begins with identification
and quantification of a population group that is the focus of a
prevention programme. Ideally, this population will be com-
prised of those most at risk of getting infected as well as most
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Figure 1. Two unifying prevention cascade models. In the basic model (a), the bars represent the programme success, showing, sequentially, the
number and proportion of the focus population that is covered by the intervention (59%), the number and proportion of those covered by the
intervention that take it up (49%) and the number and proportion of those who take up the intervention that use it correctly (65%) (e.g. in the
past 12 months). The purple area and proportion above each red section of the bar represents the gap in each step. This cascade is recommended
for assessing basic programme performance. In the expanded model (b), using the same data, but a format adapted from Schaefer and colleagues
[5] and Manicaland Centre [15] (whereby the percentages across the red bars are based upon the priority population), the gaps are in motivation,
access and consistent use, and the reasons for these can be further explored and potential interventions identified. This alternative approach is
more attuned to research and the design of programmes than to the monitoring of programme implementation.
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in need of the particular prevention method(s) being provided
by the programme, although, as noted above, this may not
always be the case. It can best be determined using size esti-
mation methods, for example census, enumeration, behavioural
surveillance, mapping, etc. [17] The next step, reach or cover-
age, is defined as the extent to which a prevention method is
delivered or made accessible to the focus population. The
third step measures uptake and initial use of the prevention
method among those reached by the programme; and the
fourth step assesses the extent to which those who take up a
prevention method use it correctly and consistently. Reach,
uptake and use may be measured with routine programme
data, polling booth survey data, and, if feasible, behavioural
surveillance data. This basic model has been adopted for pre-
vention programme monitoring in Kenya [18,19], India [20]
and Zimbabwe [21].
The basic prevention cascade, effectively, is the first step in

a three-step framework that would subsequently involve quali-
tative and quantitative research to understand the individual
and social-structural causes (i.e. the why) of these gaps, and
then the development and testing of appropriate solutions to
improve the effectiveness of HIV prevention efforts, as
demonstrated ultimately by reductions in HIV incidence,
although that may not be represented in the cascade itself. A
version of this extended framework, modified from that pro-
posed by Schaefer and colleagues [5] and informed by earlier
work [3-4,15], is also shown in Figure 1 (model b). It includes
a step related to “motivation” to denote the importance of
“demand” as a facilitator in uptake and use of a prevention
method. This model, recently applied in Manicaland, Zimbabwe
[22], is most feasible to use in contexts with research capacity
and infrastructure, as it requires collection and analysis of
quantitative and qualitative data that go beyond the data reg-
ularly collected by prevention programme implementers and
managers. It is worth noting that in some circumstances, the
order of the motivation and access steps in the Schaefer et al.
model would differ. For example when everyone in a focus
population has access to a prevention method, “motivation”
might come after “access” to better convey who in the end
actually takes up the prevention method because they want
to use it when availability is not an obstacle.
Furthermore, in Figure 1 model b, the proportion shown in

the final step (effectively using the method) represents the
overall success of the programme vis-�a-vis the total focus pop-
ulation. This value could be multiplied by known efficacy of
the prevention method(s) promoted in the programme to esti-
mate the proportional reduction in HIV incidence achieved.
The difference in the two methods of cascade illustration is
important for the immediate visual impression it makes on
how well a programme is performing, but the information on
the scale and relative importance of gaps is similar.

2.4 | Data quality and improvement

A prevention cascade will only be as good as the data that
comprise it. Since most data are not perfect, neither will be
the prevention cascade. What is most important is to use the
best available data, while continuing to find ways to improve
them, and to use these data to inform decisions about pro-
gramme improvement. When engaging in cascade analysis, it is
important to be clear about the sources, quality and

limitations of the data used, as each has its strengths and limi-
tations, and each can be improved [23-25].
For example when no valid size estimates are available for

members of a key population group who are most at risk, mul-
tiple estimates may have to be generated and triangulated to
reach both a point estimate and a range. Integrated bio-be-
havioural surveillance (IBBS), while employing a consistent
sampling method and ensuring representativeness, still relies
on self-report, which is subject to bias. Similarly, polling booth
and small areas surveys, which are more easily used in pro-
grammes also may be subject to sampling bias. This can be
improved by introducing innovative, and potentially more valid,
data collection methods, such as digital methods. Additionally,
programmes may not routinely collect all the data needed to
populate a cascade, nor disaggregate them by key population.
But these data can be triangulated with other sources, includ-
ing IBBS and focused qualitative surveys, where feasible. In
sum, efforts should be made to assure that the highest quality
data available are used in cascade development and analysis,
and, simultaneously, to improve upon their quality in new and
innovative ways.

3 | CONCLUSIONS

The HIV prevention field has been grappling for years with
the idea of developing a standardised way to regularly assess
progress and to monitor and improve programmes accordingly.
The cascade framework, already universally adopted for HIV
treatment, provides the potential to do this, but it is compli-
cated and highly nuanced. We have proposed that two models
be employed—one chiefly for programme managers, and the
other chiefly for programme developers, researchers and pol-
icy makers—to move the field forward. We believe these
models reflect emerging consensus among the range of stake-
holders who have been engaging in this discussion and who
are dedicated to achieving global HIV prevention goals by
ensuring the most appropriate and effective programmes and
methods are supported.
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Abstract
Introduction: Surveillance of recent HIV infections in national testing services has the potential to inform primary prevention
programming activities. Focusing on procedures required to accurately determine recent infection, and the potential for recent
infection surveillance to inform prevention efforts, we present the results of three independent but linked pilots of recency
testing.
Methods: To distinguish recently acquired HIV infection from long-standing infection, in 2018 we applied a Recent Infection
Testing Algorithm that combined a laboratory-based Limiting Antigen Avidity Enzyme Immunoassay with clinical information
(viral-load; history of prior HIV diagnosis; antiretroviral therapy-exposure). We explored potential misclassification of test
results and analysed the characteristics of participants with recent infection. We applied the algorithm in antenatal clinics pro-
viding prevention of mother-to-child transmission services in Siaya County, Kenya, outreach sites serving female sex workers
in Zimbabwe, and routine HIV testing and counselling facilities in Nairobi, Kenya. In Nairobi, we also conducted recency testing
among partners of HIV-positive participants.
Results: In Siaya County, 2.3% (10/426) of HIV-positive pregnant women were classified as recent. A risk factor analysis com-
paring women testing recent with those testing HIV-negative found women in their first trimester were significantly more
likely to test recent than those in their second or third trimester. In Zimbabwe, 10.5% (33/313) of female sex workers testing
HIV-positive through the outreach programme were classified recent. A risk factor analysis of women testing recent versus
those testing HIV-negative, found no strong evidence of an association with recent infection. In Nairobi, among 532 HIV-posi-
tive women and men, 8.6% (46) were classified recent. Among partners of participants, almost a quarter of those who tested
HIV-positive were classified as recent (23.8%; 5/21). In all three settings, the inclusion of clinical information helped improve
the positive predictive value of recent infection testing by removing cases that were likely misclassified.
Conclusions: We successfully identified recently acquired infections among persons testing HIV-positive in routine testing set-
tings and highlight the importance of incorporating additional information to accurately classify recent infection. We identified
a number of groups with a significantly higher proportion of recent infection, suggesting recent infection surveillance, when
rolled-out nationally, may help in further targeting primary prevention efforts.

Keywords: HIV; surveillance; recent infection; prevention; Kenya; Zimbabwe
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1 | INTRODUCTION

Knowing where and among whom new HIV infections are
occurring is helpful in estimating HIV incidence and also,
potentially, in guiding prevention programmes and evaluating
their impact [1-7]. Identifying hotspots, at the population-level,
of recently acquired HIV infection could help programmes

identify where and among whom primary prevention efforts
such as pre-exposure prophylaxis (PrEP) and voluntary medical
male circumcision (VMMC) should be intensified. Information
on recently acquired HIV may also inform primary prevention
efforts at the individual level. For example prioritizing partner
notification services among newly diagnosed persons who
have acquired HIV recently may minimize recall bias relating
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to partner information [8], and assist efforts to reach a per-
son’s most recent partners to encourage them to seek testing
and preventative services.
A number of laboratory-based assays have been developed

that can identify recent HIV infections through the testing of
blood specimens [9,10]. These assays utilize specific antibody
markers that evolve in the months following infection. When
interpreted as part of a Recent Infection Testing Algorithm
(RITA) (where laboratory test results are combined with other
information to classify an HIV infection), these assays are able
to distinguish recently acquired infection from long-standing
infection among persons being diagnosed with HIV [6,10].
They have been used in national population-based HIV impact
assessment (PHIA) surveys in 12 high-burden African coun-
tries to estimate national HIV incidence [11-13]. In 2018, the
United States President’s Emergency Plan for AIDS Relief
(PEPFAR) called for recent infection surveillance to be imple-
mented at scale in supported countries [14,15]
We present the results of three independent but linked

pilots of HIV recency testing in routine service-provision set-
tings in Kenya and Zimbabwe.

2 | METHODS

To explore whether RITAs can be applied in routine service
setting in sub-Saharan Africa, and whether the information
generated can be used to inform prevention activities, we
chose a variety of routine service-provision contexts in Kenya
and Zimbabwe to conduct recency testing. These settings
were as follows: antenatal clinics providing prevention of
mother-to-child transmission (PMTCT) services in Siaya
County, Kenya, a national programme for female sex workers
in Zimbabwe, and HIV testing and counselling (HTC) facilities
in Nairobi, Kenya.

2.1 | Data collection and sample processing

Prior to the commencement of our pilots, all study staff
underwent training on good clinical practice, ethics and the
handling of confidential information as per our study proto-
cols. Eligible participants were asked to read and sign a con-
sent form and were probed for their understanding. For
illiterate participants, study staff read the forms out and
sought consent in the presence of an independent witness.
Data were collected between February and November 2018.
In all three pilots, anti-HIV-1-positive specimens were classi-

fied as either recent or long-standing using a RITA that com-
bined a LAg Avidity EIA (a single-well avidity assay that
provides a measure of antibody avidity as normalized optical
density (ODn)) with information on viral-load, history of prior
HIV diagnosis and/or exposure to antiretroviral therapy (ART))
(Figure 1). This RITA gives an indication as to whether or not
a person being diagnosed with HIV is likely to have been
infected within the last four to six months.
The Maxim HIV-1 LAg-Avidity EIA Dried Blood Spot (DBS)

Kit was used in Nairobi on DBS samples, with the Maxim
HIV-1 LAg-Avidity EIA being used in Siaya County and Zim-
babwe on plasma samples. As per manufacturer guidance, LAg
tests with an initial ODn value ≤ 2.0 were retested in tripli-
cate from a fresh dilution of the specimen to confirm the

result, and confirmatory anti-HIV serology was performed on
specimens with an ODn value < 0.4. Viral-load was measured
using the Abbott m2000, Roche Cobas Ampliprep/Cobas Taq-
man or similar automated platform, according to manufactur-
ers’ instructions. Internal quality control checks were run
according to manufacturers’ instructions. Persons with a final
ODn ≤ 1.5 and a viral-load> 1000 copies/ml were classified
as recent infection positive in the absence of ART testing.
As the inclusion of information on ART-exposure could

improve RITA performance through lowering false-recent mis-
classification [4,16], samples assessed as recent in Nairobi
were sent to the Pharmacokinetic Laboratory at the Univer-
sity of Cape Town to test for the presence of ART metabo-
lites in the blood (metabolites, including Lopinavir, Ritonavir,
Nevirapine, Efavirenz, Indinavir, Saquinavir, Zidovudine, Lami-
vudine and Stavudine, were quantified by a robust simultane-
ous liquid chromatography/tandem mass spectrometry
method)[17,18].
In Siaya County, recent samples were linked to a woman’s

antenatal clinic record to explore ART-exposure, and were also
linked to their antenatal clinic and Health and Demographic
Surveillance Site (HDSS) record to explore testing history for
prevalent infection. Evidence of ART-exposure or previous
HIV-positive test would potentially result in a recent infection
being reclassified as long-standing. Table 1 summarizes our
recruitment and testing approach per pilot.
For all three pilots we collected information on participants’

sex, age, marital status and testing facility. In Zimbabwe and
Nairobi, level of education was also collected. In addition,
number of pregnancies and pregnancy trimester was collected
in Siaya County, and employment status, HIV testing history
and pregnancy status was collected in Nairobi.

2.2 | Statistical analysis

We developed a flowchart to show the flow of participants
and sample testing for all three pilots together, starting with
all those presenting for testing, and ending with final classifi-
cation of recent and long-standing HIV infection. We present

Figure 1. Recency testing algorithm (RITA) as applied in the three
pilots.
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the number of people testing recent prior and subsequent to
viral-load testing and ART investigations. In relation to ART-
exposure, we detail each misclassification case.
Using the Siaya county and, separately, the Zimbabwe

data we describe the characteristics of those testing

HIV-positive and classified as recent. To look for risk
factors for recent HIV infection, we applied logistic
regression where women testing HIV-positive and recent
were compared with those testing HIV-negative. In Siaya
County, due to a small number of recent cases, it was

Table 1. Three pilots of HIV recent infection testing in routine service settings

Siaya County, Kenya Nairobi, Kenya Sisters with a Voice, Zimbabwe

Setting

Estimated HIV prevalence of 21% in 2017

[26]. Fertility rate> five children per woman,

and almost all women (94%) access

antenatal care at some point during

pregnancy [27].

Setting

Estimated HIV prevalence of 12% in

population served by participating clinics in

Eastern Nairobi [28].

Setting

Across participating facilities, prevalence of

HIV among FSW is on average 58%

[20,29,30]. HIV incidence rates are poorly

understood, but may be as high as 10% per

year [31].

Collaborative partner

Kenya Medical Research Institute (KEMRI) and

the KEMRI/CDC Siaya HDSS

Collaborative partner

Eastern Deanery AIDS Relief Programme

(EDARP)

Collaborative partner

Centre for Sexual Health and HIV AIDS

Research Zimbabwe (CeSHHAR-Zimbabwe)

Study population

Pregnant women seeking antenatal care in

fourteen medical facilities

Study population

Clients attending any of the fourteen EDARP

HTC facilities

Study population

FSW attending one of six static facilities of the

Sisters with a Voice Programme that

provide a range of services including testing

and referral to government ART services

[31].

Study period

February – November 2018

Study period

March – November 2018

Study period

June – November 2018

Assay

Maxim HIV-1 LAg-Avidity EIA venous blood

Assay

Maxim HIV-1 LAg-Avidity EIA Dried Blood

Spot

Assay

Maxim HIV-1 LAg-Avidity EIA venous blood

Inclusion criteria

• Women aged 13 or older seeking antenatal

care in one of the selected medical facilities

in Siaya County

• Provides informed consent

• Received an HIV-positive test result

Inclusion criteria

• Aged 18 or older

• Unknown HIV status prior to visit

• Attending an EDARP HTC facility

• Willing and able to provide informed con-

sent

• Received an HIV-positive test result, or pre-

sumptive positive

Inclusion criteria

• FSW aged 18 or older

• Provides informed consent

• Received an HIV-positive test result

Exclusion criteria

• Indeterminate HIV result

• Not willing to enrol on follow-up at facility

• Taking pre-exposure prophylaxis

Exclusion criteria

• Indeterminate HIV result

• Prior history of testing HIV-positive

(>1 year ago)

• On ART

Specimen collection and testing

• Study nurse or laboratory phlebotomist

drew a maximum of 10ml of venous blood

• Samples packed and transferred to KEMRI-

Centre for Global Health Research HIV

Research Laboratory in Kisumu on a daily

basis where they were tested (or stored for

testing)

Specimen collection and testing

Study nurse drew 6mL of venous blood

collected in an ethylenediaminetetraacetic

(EDTA) tube and a pipette was used to

dispense venous blood on two WhatmanTM

903 Snap-Apart Cards with 5 dried blood

spots (DBS) of 70 µL each, for a total of 10

filled spots per participant

Specimen collection and testing

• Study nurse drew venous blood (where

study nurse not available, then a clinic nurse

drew blood)

• Samples packed and transferred to labora-

tory in Harare within 36 hours and stored

at �20C or below for testing

Inclusion and exclusion criteria for each pilot reflect the routine practice of the facilities within which recruitment was conducted. FSW, Female
Sex Workers; HDSS, Health and Demographic Surveillance System; HTC, HIV Testing and Counselling; EIA, Enzyme-linked Immunosorbent Assay.
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not possible to apply logistic regression adjusting for
multiple variables.
Using the Nairobi HTC data, we describe the characteristics

of HIV-positive women and men with recent and long-standing
infection. We applied logistic regression to compare the char-
acteristics of those with recent infection with those with long-
standing infection (it was not possible to compare to persons
testing HIV-negative as these data were not available). To
account for facility clustering, a generalized estimated equa-
tion (GEE) model that includes age at diagnosis, gender, and
HIV testing history was applied. In Nairobi, participants con-
firmed to be HIV-positive, were counselled on index-testing
and asked to bring their sexual partners to the facility for HIV
and recent infection testing. We describe the characteristics
of these partners.
Due to small cell counts, and to avoid deductive disclosure,

testing facility was either anonymized or combined in our anal-
ysis. Percentages are presented as among persons for whom
information was available, confidence intervals are presented
at the 95% level, and Wald and likelihood-ratio tests were
applied for logistic regression. In Zimbabwe (only pilot for
which the necessary data were available), we assessed recent
infection clustering by sample collection date and testing facil-
ity. STATA15 (Stata Corp, College Station, TX) was used for
analyses.

2.3 | Ethical approval

Local approval was provided by KEMRI Scientific Ethics
Review Unit (SERU application 3589) and London School of
Hygiene & Tropical Medicine (LSHTM) (reference number
14458) for the pilot in Kisumu, by the ethical committee of
Medical Research Council of Zimbabwe for the Zimbabwe
pilot and by Kenyatta National Hospital-University of Nairobi
Ethical Review Board for the pilot in Nairobi. Ethical approval
was also obtained at the LSHTM for the Zimbabwe pilot (ref-
erence number 14542) and Nairobi pilot (reference number
14585).

3 | RESULTS

3.1 | Siaya County, Kenya: antenatal clinics
providing PMTCT services

Over the study period, 2409 eligible women presented at par-
ticipating antenatal clinics, of whom 2364 (98.1%) consented
to participate in the study (Figure 2). Of these women, 1806
(76.4%) were under 30 years of age, 1792 (75.8%) were mar-
ried and 1157 (48.9%) had experienced three or more preg-
nancies. In total, 444 (18.8%) women tested HIV-positive, of
whom 426 (95.6%) had a valid LAg and viral-load test (18
women did not consent to recency testing). Among these 426
women, 106 (24.9%) tested recent prior to viral-load being
considered, with 11 (2.6%) testing recent with a viral-
load> 1000 copies/mL.
Of the 11 women classified as recent based on their LAg

and viral-load tests, one was reclassified as long-standing
when clinical documentation of treatment was also considered
(recency misclassification of 9.1% (1/11)). For this woman
there was clinical documentation of her having initiated treat-
ment almost four years prior to their sample collection date

within the study. Of the remaining ten women, one initiated
treatment 78 days prior to her study sample draw date. As
her first known HIV-positive date was on the same date as
ART initiation, she remained classified as recent. Another
woman initiated ART three days prior to her study sample
draw, and again remained classified as recent. Of the remain-
ing eight women, four initiated treatment on the same day as
their study sample draw, three initiated within 16 days of
their sample draw, and one did not have documented date of
ART initiation. Exploration of the women’s HIV testing history
for prevalent infection from the HDSS and ANC record, pro-
vided no further evidence of misclassification. In total 2.3%
(10/426) of women were classified recent.
A total of 10 women classified as recent were identified at

seven of the 14 clinics and had sample collection dates evenly
distributed across the study period. Nine (90%) of the 10
women were under 30 years of age, and half (55.6%; 5/9 (1
missing record)) were in their first trimester of pregnancy.
Comparing HIV-positive women testing recent with women

testing HIV-negative found women in their first trimester to
have nearly a ten times increased odds of testing recent com-
pared to those in their second or third trimester (Table 2).
There were no notable differences in age, marital status, study
facility, or number of pregnancies between HIV-negative
women and HIV-positive women testing recent.

Figure 2. Recruitment and testing flowchart for the three pilots.
*Eligibility criteria: providing consent for HIV testing & in Zimbabwe:
not having been tested in previous three months or taking ART.
**1914 tested HIV-negative, six had unknown HIV status. ***883
tested HIV-positive, but 255 of these tested HIV+ before. ****In
Siaya County, ART status was determined using clinic records; in Nair-
obi, ART status was determined using ARV metabolite testing; in Zim-
babwe, ART status was not determined. RITA, recency testing
algorithm
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3.2 | Zimbabwe: national programme for female sex
workers

In Zimbabwe, 9138 women presented at one of the six partic-
ipating facilities, of whom 4349 (47.6%) were tested for HIV
(routinely, women who have tested for HIV within the past
three months, or who report ART use, are not offered an HIV
test). Of these 4349 women, 511 (11.7%) tested HIV-positive,
and of these, 313 (61.3%) agreed to have a sample taken for
viral-load and recent infection testing. Almost half (141;
46.7%) of these women were aged between 25 and 34 years,
and the majority attained a secondary school education (247;
81.8%) and/or were separated or divorced (177; 58.6%).
Among the 313 women who tested HIV positive, and for

whom both a viral-load and a recent infection test was avail-
able, 15.7% (49/313) tested recent based on their LAg test
result alone. Based on their LAg and viral-load (>1000 copies/
mL), 33 (10.5%) of these women were classified as recent
(Figure 2). Among the 313 women testing HIV-positive, by
age, those aged 18 or 19 years had the highest percentage of
recent infection (5/23; 21.7%). By education, HIV-positive
women for whom secondary education was their highest
attainment were most likely to test recent (31/246; 12.6%),
whereas by marital status, those who were single or never
married presented with the highest percentage of recent
infection (17/87; 19.5%).
Table 3 characterizes HIV positivity among the 4349

women tested for HIV, and also presents a risk factor analysis
of recent infection, comparing HIV-positive women with
recent infection to HIV-negative women, adjusting for age and

study facility. There was no strong evidence of an association
between having a recent infection and any of the variables.
A visual assessment of the data suggested some clustering

by sample collection date and testing facility. On one day dur-
ing week five of recruitment, six women tested positive for
recent infection. Three of these women tested at the same
facility, and three were aged between 20 and 24 years. A sta-
tistical analysis of clustering over time (logistic regression with
sample collection date as covariate) found no evidence of an
association between recency test results and week (p = 0.74)
or month (p = 0.21).

3.3 | Nairobi, Kenya: routine HIV testing and
counselling clinics

In Nairobi, 50,561 eligible women and men presented at one
of the fourteen participating facilities. Of these, 883 (1.75%)
tested HIV-positive, of whom 255 (28.9%) were subsequently
found on enquiry (self-reported test history) to have tested
HIV-positive before and were therefore ineligible for recency
testing (Figure 2). In total, 532 (84.7%; 628) of those eligible
consented to test for recent infection. Among these, 316
(59.4%) were female, of whom 57 (18%) were pregnant. The
majority of participants (64.1%; 341) had previously tested for
HIV, with a third (33.6%; 179) having tested in the past
12 months.
Two of the 532 people consenting to participate were sub-

sequently found to have insufficient sample to test. Of the
remaining 530 people testing for recent infection and viral-
load, 60 (11.3%) tested recent based on the LAg test result

Table 2. Characterization of HIV and recent infection among antenatal clinic attendees in Siaya County testing for HIV

Characteristics

HIV positivity Risk factor analysis for recent infection

n/Na (%) n/Nb (%) Crude OR (95% CI) p-value

Age (years)

<20 30/503 (6.0) 2/475 (0.4) 0.74 (0.10 to 3.8) 0.72

20 to 24 100/794 (12.6) 4/698 (0.6) 1 -

25+ 314/1060 (29.6) 4/750 (0.5) 0.93 (0.22 to 3.9) 0.92

Study site

1c 102/522 (19.5) 3/423 (0.7) 1.5 (0.33 to 5.5) 0.54

Other 342/1836 (18.6) 7/1501 (0.5) 1

Marital status

Married 364/1787 (20.4) 7/1430 (0.5) 1

Single 40/500 (8.0) 2/462 (0.4) 0.88 (0.13 to 3.7) 0.88

Separated/ divorced/ widowed 39/69 (56.5) 1/31 (3.2) 6.8 (0.36 to 39.8) 0.08

Trimester

1st 74/289 (25.6) 5/215 (2.3) 9.6 (2.5 to 39.2) <0.001

2nd & 3rd 347/2005 (17.3) 4/1658 (0.2) 1 -

Pregnancies

1 39/663 (5.9) 3/627 (0.5) 1

2 91/519 (17.5) 5/433 (1.2) 2.4 (0.59 to 11.9) 0.22

3+ 302/1157 (26.1) 2/857 (0.2) 0.49 (0.06 to 2.9) 0.43

an = testing HIV-positive; N = testing for HIV; bn = testing recent; N = testing HIV-negative + testing recent; cTesting facility 1is the largest facil-
ity by patient volume.
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alone, with 48 (9.1%) testing recent with a viral-load> 1000
copies/ml (Table 4). ART metabolite testing identified one
woman and one man among these 48 to have been wrongly
classified (misclassification of 4.2%). In total, 8.7% (46/530) of
people were classified as recent. Among women this percent-
age was 12.4% (39/315) and among men 3.3% (7/215).
Around half (45.7%; n = 21) of the 46 people newly testing

HIV-positive who also tested recent were aged under
25 years and the proportion with a recent infection declined
with increasing age, see Table 4. Just over half of those test-
ing recent were married or co-habiting (52.2%; n = 24), and
had tested HIV-negative in the past 12 months (54.3%;
n = 25). The percentage of people newly testing HIV-positive
who had previously tested for HIV during the past 12 months
was higher among those classified as recent (54.3%; n = 25)
than among those classified as having long-standing infection
(31.6%; 153/484).
Among people newly testing HIV-positive (recent and long-

standing infection), being a woman, being under 25 years of
age, having tested for HIV in the last 12 months, and presenting
at the facility with the largest catchment area and largest corre-
sponding patient volume were shown to be individually predic-
tive of recent infection (Table 4). Testing for interactions
indicated an interaction between age at diagnosis and gender
(Table 5). Young women (15 to 29 years old) had 3.85 times the
odds of recent infection than men in the same age group. Partic-
ipants reporting having tested for HIV in the past 12 months
had 1.72 times the odds of recent infection compared to those
reporting having last tested more than 12 months ago.

Following an HIV-positive test result and counselling, 144
(27.1%) of participants subsequently brought a sexual partner
to the clinic for HIV testing. Of these 144, two brought in
two partners, making the total 146. Among the 146 sexual
partners of index cases testing for HIV, 61 (41.8%) tested
positive for HIV. Among these 61 HIV-positive partners, 21
subsequently enrolled in the pilot, of whom five (5/21; 23.8%)
were classified as recent. The percentage of partners testing
HIV-positive, and being classified as recent, were significantly
higher than the corresponding percentages among all non-
partner (i.e. the recruitment figures presented above less the
146 partners) participants (p < 0.001 & p = 0.019 respec-
tively).

4 | DISCUSSION

We successfully conducted three independent but linked pilots
in routine programme setting in Kenya and Zimbabwe to iden-
tify people with recently acquired HIV infection. Among HIV-
positive participants, we report 2.3% of pregnant women in
Siaya County, 10.5% of FSW in Zimbabwe and 12.4% of
women and 3.3% of men attending HTC facilities in Nairobi to
have been diagnosed with recent infection. Among partners of
participants in Nairobi, the percentage was 23.8%.
In Siaya County we found women in their first trimester to

be significantly more likely to test recent compared to those
in their second or third trimester. While inference with small
numbers is challenging, this finding may relate to increased

Table 3. Characterization of HIV and recent infection among female sex workers testing for HIV in Zimbabwe

HIV positivity Risk factor analysis for recent infection

n/Na (%) n/Nb (%) Crude OR (95% CI) p-value Adjusted ORc (95% CI) p-value

Age (years) 0.37 0.3

18 to 19 39/405 (9.6) 5/372 (1.4) 1 1

20 to 24 143/1309 (10.9) 13/1180 (1.1) 0.82 (0.29 to 2.31) 0.79 (0.28 to 2.25)

25 to 34 232/1679 (13.8) 13/1460 (0.9) 0.66 (0.23 to 1.86) 0.60 (0.21 to 1.74)

35+ 78/676 (11.5) 2/600 (0.3) 0.24 (0.05 to 1.27) 0.22 (0.04 to 1.16)

Study site 0.18 0.12

1 89/744 (12.0) 6/661 (0.9) 1 1

2 57/414 (13.8) 1/358 (0.3) 0.31 (0.04 to 2.55) 0.33 (0.04 to 2.79)

3 228/1518 (15.0) 11/1302 (0.9) 0.93 (0.34 to 2.53) 1.04 (0.38 to 2.87)

4 37/357 (10.4) 5/325 (1.5) 1.71 (0.52 to 5.63) 2.08 (0.62 to 6.94)

5 61/477 (12.8) 7/423 (1.7) 1.84 (0.61 to 5.50) 2.08 (0.69 to 6.28)

6 39/839 (4.7) 3/803 (0.4) 0.41 (0.10 to 1.64) 0.42 (0.10 to 1.69)

Education 0.15 0.15

Primary or less 87/635 (13.7) 2/550 (0.4) 1 1

Secondary or higher 400/3374 (11.9) 31/3005 (1.0) 2.87 (0.68 to 12.01) 2.89 (0.68 to 12.24)

Marital status 0.12 0.07

Single/ never married 148/1341 (11.0) 17/1210 (1.4) 1 1

Married/ living together as if married 30/149 (20.1) 2/121 (1.7) 1.18 (0.27 to 5.17) 1.82 (0.39 to 8.45)

Divorced/ separated 290/2372 (12.2) 13/2098 (0.6) 0.44 (0.21 to 0.90) 0.38 (0.17 to 0.84)

Widowed 24/188 (12.8) 1/165 (0.6) 0.43 (0.06 to 3.24) 0.50 (0.06 to 4.18)

an = testing HIV-positive (of the 511 women testing HIV positive, regardless of viral-load and recency test); N = testing for HIV; bn = testing
recent; N = testing HIV-negative + testing recent; cAdjusted for age and study site. OR, odds ratio; CI, confidence interval.
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risk of HIV infection during unprotected sex leading to preg-
nancy, and/or may be due to lowered coital frequency among
women later in pregnancy. The former of these two potential

explanations would support the targeting of women trying to
get pregnant, particularly those in sero-discordant couples,
with interventions such as PrEP and partner testing. In Kenya,
the offering of HTC to the partners of persons diagnosed with
HIV is already encouraged [19].
Among FSW in Zimbabwe, there was no strong evidence of

associations with testing recent when comparing HIV-positive
women with recent infection to HIV-negative women. One
likely reason for this is the relatively small number of women
found to have a recent infection. Despite a lack of association,
and despite FSW in Zimbabwe being a known high-risk group
[20,21], we would argue that ongoing efforts to differentiate
prevention needs among FSW are applicable. These efforts
should include the expanded roll-out of recency testing at
venues utilized by FSW and, where possible, through the col-
lection of more detailed information on previous HIV test his-
tory.
In Nairobi, we found young women newly testing HIV-posi-

tive were significantly more likely to test recent than their
male counterparts. The observed difference by sex is probably
due to women presenting earlier in their course of infection
than men. Among those newly testing HIV-positive, women, as
compared to men, were younger at age of HIV diagnosis, and
were more likely to have ever tested and to have tested
within the last 12 months. We were unable to investigate why
women may present earlier than men. We also found partici-
pants newly testing HIV-positive who had tested for HIV in
the past 12 months were significantly more likely to test
recent than those having tested over a year ago. This probably
reflects that people who are HIV-negative that test more fre-
quently (potentially due to engaging more frequently in risk
behaviour) will test recent when first diagnosed with HIV.
Interestingly, we found significantly higher yields of HIV and
recent infection among partner, as compared to non-partner,
participants in Nairobi. Although based on small numbers,
these results provide support for recency test results among
index cases informing partner testing strategies [15].
In two of our three pilots there was some suggestion of

clustering by sample collection date or testing facility. In Zim-
babwe, six of the 33 women testing recent did so on the same
day, with three also testing at the same facility. In Nairobi, the
facility with the largest catchment area and patient volume
presented with a significantly higher percentage of recent
infections than at smaller facilities. Although we only present
suggestive evidence, information on recent infection clustering
in time and space could be used to target prevention efforts
in specific geographical areas and specific populations; for
example mobilizing outreach teams to promote HIV testing or
deliver PrEP.
Several studies have explored recent infection testing in sub-

Saharan Africa. A number of these studies conducted recency
testing as a means to estimate HIV incidence rather than an
end in itself [22,23]. However, a couple of studies provide
details on recency testing and present recency percentages
similar to those we report. Among participants aged 15 to
49 years providing DBS samples as part of the 2012 national
population-based household surveys in Kenya and South Africa,
4.5% (21/470) and 3.3% (73/2,202) tested recent respectively
[4]. The authors of this study conclude that information on
viral-load and ART-exposure in their RITA potentially improved
the predictive value of the RITA [4]. Another study tested the

Table 4. Characterization of recent and long-standing infection

among women and men newly testing HIV-positive in HIV test-

ing and counselling facilities in Nairobi

Characteristicsa Recent Long-standing
Recencyb

N = 530 N = 46 % N = 484 % %

Sex

Male 7 15.2 208 43.0 3.3

Female 39 84.8 276 57.0 12.4

Age (years)

15 to 19 5 10.9 13 2.7 27.8

20 to 24 16 34.8 79 16.3 16.8

25 to 29 13 28.3 102 21.1 11.3

30 to 34 7 15.2 100 20.7 6.5

35 to 39 2 4.3 80 16.5 2.4

40+ 3 6.5 110 22.7 2.7

Testing facility

1c 9 19.6 36 7.5 20.0

Other 37 80.4 447 92.5 7.6

Marital status

Single 15 32.6 97 20.0 13.4

Married/co-habiting 24 52.2 269 55.6 8.2

Separated 6 13.0 74 15.3 7.5

Divorced 0 0.0 10 2.1 0.0

Widowed 1 2.2 31 6.4 3.1

Unknown 0 0.0 3 0.6 0.0

Highest level of education

None 2 4.3 7 1.4 22.2

Primary 16 34.8 251 51.9 6.0

Secondary 21 45.7 176 36.4 10.7

Tertiary 7 15.2 48 9.9 12.7

Unknown 0 0.0 2 0.4 0.0

Employment status

Employed 28 60.9 347 71.7 7.5

Unemployed 18 39.1 135 27.9 11.8

Unknown 0 0.0 2 0.4 0.0

Ever tested for HIV

Yes 35 76.1 305 63.0 10.3

No 11 23.9 179 37.0 5.8

Tested for HIV in last 12 months

Yes 25 54.3 153 31.6 14.0

No 21 45.7 329 68.0 6.0

Unknown 0 0.0 2 0.4 0.0

Pregnancy status (n = 316)

Pregnant 10 25.6 47 17.0 17.5

Not-pregnant 29 74.4 229 83.0 11.2

aExcludes two participants for whom there was insufficient sample to
test; bCalculated as recent infection/ newly testing HIV-positive (re-
cent & long-standing infections); the denominator only includes new
HIV-positives as repeat testers were excluded; cTesting facility 1 is
the largest facility by catchment area and patient volume
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DBS stored samples of people aged 15 to 64 years participat-
ing in the 2007 Kenya AIDS Indicator Survey for recent infec-
tion. Among these participants, 6.2% (64/1,025) were classified
as recent [3]. Compared to persons testing HIV-negative, fac-
tors associated with recent infection in this population included
being widowed or currently married (compared to being never
married), having had two or more sexual partners in the last
year, not using a condom at last sex in the past year, and
reporting a sexually transmitted infection diagnosis or symp-
toms in the past year [3].
There were a number of limitations to our study. In Siaya

county and Zimbabwe recency testing was conducted on
venous blood samples whereas in Nairobi DBS was used. As
we did not compare the performance of these two methods,
results across the three pilots should be compared with cau-
tion. We planned to conduct ART metabolite testing in all
three pilots. Due to challenges in attaining import and export
licences to transport samples to the University of Cape Town
we were only successful in carrying out ART testing in our
Nairobi pilot. In Zimbabwe, routinely applied criteria for con-
ducting an HIV test reduced the number of women eligible
for inclusion in our study, thereby potentially reducing the
number of women found to be HIV-positive and recent. Fur-
thermore, the fairly low participation rate in recency testing
(61.3%) among the women testing HIV-positive ensures our
results should be interpreted with caution, given the possibil-
ity for selection bias. In Nairobi, we were unable to attain
detailed information on people testing HIV-negative. There-
fore, in contrast to Siaya County and Zimbabwe, we compare
persons testing recent with long-standing infection rather than
HIV-negativity.
For programmes to include recency testing as part of rou-

tine HIV service delivery for the purpose of identifying prior-
ity populations for primary prevention efforts (the first step of
a unifying HIV prevention cascade framework described by
Schaefer et al) [24], there are a number of considerations.
Programmes can anticipate additional costs resulting from test
assays and logistics related to sample handling [25], needing
to make modifications to client flows (e.g. to draw additional
amounts of blood for laboratory-based testing), and providing
additional training to healthcare workers. The collection, trans-
portation, storage and testing of samples (DBS and plasma)
will need to be closely monitored to ensure assay manufac-
turer’s instructions for use are being followed, and testing lab-
oratories will require training in the performance of the assay
and should partake in an external quality-assurance scheme.
To guarantee the inclusion of ART metabolite testing in the

interpretation of LAg test results, the process for transporting
samples outside of country should be reviewed prior to com-
mencement of testing, and simpler assays should be devel-
oped so that blood samples may be tested at in-country
laboratory facilities. Finally, programmes will need to consider
potential prevention interventions resulting from recent infec-
tions, such as partner testing, PrEP delivery and community
prevention initiatives.

5 | CONCLUSIONS

At a time when the national surveillance of recent infection is
being promoted across sub-Saharan Africa [14,15], we show
that integrating recency testing into routine programme activi-
ties in Kenya and Zimbabwe is feasible. In identifying recently
acquired infections among persons testing HIV-positive, we
highlight the importance of incorporating information on viral-
loads and ART to accurately classify recent infection. Having
identified a number of groups with a significantly higher pro-
portion of recent infection, we highlight how recency surveil-
lance may help us in further targeting primary prevention
efforts. The identification of hotspots of transmission and
characteristics associated with new infection, even among
high-incidence populations, could inform where and among
whom primary prevention efforts should be strengthened.
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Table 5. Predictors of recent infection, disaggregated by gender, among women and men newly testing HIV-positive in HIV testing

and counselling facilities in Nairobi

Male Female

N aOR (95%CI) p-value N aOR (95%CI) p-value

Aged 15 to 29 years 58 1 - 171 1 -

Aged 30+ years 158 0.99 [0.94, 1.06] 0.87 145 0.23 [0.16, 0.32] <0.01

Tested over 12 months ago 162 1 - 189 1 -

Tested within last 12 months 53 1.05 [1.01, 1.08] 0.01 126 2.12 [1.83, 2.45] <0.01
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Abstract
Introduction: East African cross-border areas are visited by mobile and vulnerable populations, such as men, female sex work-
ers, men who have sex with men, truck drivers, fisher folks and young women. These groups may not benefit from traditional
HIV prevention interventions available at the health facilities where they live, but may benefit from services offered at public
venues identified as places where people meet new sexual partners (e.g. bars, nightclubs, transportation hubs and guest
houses). The goal of this analysis was to estimate availability, access and uptake of prevention services by populations who visit
these venues.
Methods: We collected cross-sectional data using the Priorities for Local AIDS Control Efforts sampling method at cross-bor-
der locations near or along the land and lake borders of Kenya, Rwanda, Tanzania and Uganda from June 2016–February
2017. This bio-behavioural survey captured information from a probability sample of 11,428 individuals at 833 venues across
all areas. Data were weighted using survey sampling weights and analysed using methods to account for the complex sampling
design.
Results: Among the 85.6% of persons who had access to condoms, 60.5% did not use a condom at their last anal or vaginal
sexual encounter. Venues visited by high percentages of persons living with HIV were not more likely than other venues to
offer condoms. In 12 of the 22 cross-border areas, male or female condoms were available at less than 33% of the venues vis-
ited by persons having difficulty accessing condoms. In 17 of the 22 cross-border areas, education outreach visits in the pre-
ceding six months occurred at less than 50% of the venues where participants had low effective use of condoms.
Conclusions: Individuals visiting venues in cross-border areas report poor access to and low effective use of condoms and
other prevention services. Availability of HIV prevention services differed by venue and population type and cross-border area,
suggesting opportunities for more granular targeting of HIV prevention interventions and transnational coordination of HIV
programming.

Keywords: HIV; Africa; Eastern; border crossing; condoms; female; vulnerable populations
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1 | INTRODUCTION

Achieving the UNAIDS 2030 goals to reduce new HIV infec-
tions to 200,000 per year will require optimization of HIV
prevention and testing [1]. While HIV treatment has been cru-
cial in reducing the number of new infections, combination
HIV prevention to reduce transmission risk is still necessary
to meet these goals [2]. Primary HIV prevention interventions
include routine HIV testing services (HTS), provision of con-
doms and sexual lubricants, pre-exposure prophylaxis (PrEP),
post-exposure prophylaxis (PEP), voluntary medical male cir-
cumcision, sexually transmitted infection (STI) screening and

treatment, and needle and syringe programmes. These primary
prevention interventions have all been shown to reduce new
infections [1,3-6].
East African cross-border areas are important mixing

grounds for populations at risk of acquiring HIV and may be
underserved by national prevention efforts. Social venues, like
bars and nightclubs, in these areas are visited by a diverse
population often looking to meet new sexual and needle-shar-
ing partners, and are exposed to a unique blend of national
and local HIV prevention programming. These areas are vis-
ited by traditionally defined key populations, such as female
sex workers, men who have sex with men and persons who
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inject drugs, as well as other populations at elevated risk for
HIV, such as truck drivers, fisher folk (persons who self-iden-
tify as engaged in fishing industry) and young women [7-10].
The presence of these key and priority populations make
cross-border areas important focal points for HIV prevention
efforts [11,12].
While national HIV strategic plans across East African coun-

tries recommend similar prevention interventions, the prioriti-
zation of key populations differs across national plans [7-9,13].
Key and mobile populations visiting cross-border venues may
not be reached by recommended facility-based prevention
services near where they reside [14,15]. Better specifying
gaps in HIV prevention programming using a cascade analysis
and geographically targeting effective services to the places
where mobile and key populations meet and socialize can help
ensure that these populations are not neglected in regional
cross-border HIV prevention efforts [16].
The availability and effective use of HIV prevention services

at East African cross-border areas is not well understood. A
deeper understanding of how these services are distributed
and where gaps exist can help drive improvement of existing
HIV prevention programmes and the introduction of future
interventions. In this paper, we describe the distribution and
uptake of primary HIV prevention services, specifically con-
dom availability, at venues identified as places where people
meet new sexual partners in cross-border areas. We highlight
the extent to which HIV prevention service availability aligns
with the presence of high-risk behaviours and HIV prevalence.
We also examine gaps in prevention access and utilization
through the lens of a programmatically relevant “prevention
cascade” framework [17-21] and map disparities between ser-
vices nominally offered at cross-border venues and their avail-
ability as reported by venue patrons.

2 | METHODS

2.1 | Study population

We examine the distribution of prevention services in East
Africa cross-border areas using data from the Cross-Border
Integrated Health Study (CBIHS), described in detail else-
where [15]. Briefly, the CBIHS collected data describing the
health status and behaviours of populations living in and/or
travelling through 14 cross-border areas, representing 22
unique locations in the East African countries of Kenya,
Rwanda, Tanzania and Uganda between June 2016 and Febru-
ary 2017. The selected cross-border areas were chosen based
on high level of cross-border traffic and/or trade and sizeable
populations. Of the selected areas, eight surrounded interna-
tional border posts on major transport corridors, and six were
situated around fishing villages on Lake Victoria that serve as
points of international commerce.

2.2 | Study data collection

In each selected area, the Priorities for Local AIDS Control
Efforts (PLACE) method was used to collect information on
venues where people socialize and meet new sexual partners
and to collect health behaviour and outcome data for people
at these venues [14,22-25]. The PLACE method, explained in
Data S1, aims to help local officials prioritize and allocate

resources by identifying and characterizing populations that
may benefit from HIV prevention and treatment services and
venues where these populations can be reached.

2.3 | Ethics

Study protocol (IRB number 15-3234) and activities were
reviewed and approved by the Institutional Review Board at
the University of North Carolina in Chapel Hill; Makerere
University Higher Degrees, Research, and Uganda National
Council of Science and Technology; the Kenya Medical
Research Institute Ethics Review Committee; the National
Institute for Medical Research in Tanzania; and the Rwanda
National Ethics Committee. All participants in the bio-
behavioural survey provided written informed consent.

2.4 | Variable coding

Characteristics of the venues were defined by responses from
informants at the venue, hereafter: “informants.” Prevention
services examined include distribution of free condoms (male
and female), free sexual lubricants, condoms for sale, availabil-
ity of HIV testing, safer sex education by outreach workers,
availability of needle exchange programmes, availability of
male circumcision programmes and visits by outreach workers,
sex worker peer educators, men who have sex with men peer
educators, and/or mobile HIV-care clinics, as reported by
informants. Education outreach was defined as present if
informants reported the presence of safer sex education by
outreach workers and visits by outreach workers, sex worker
peer educators, men who have sex with men peer educators,
and/or mobile HIV-care clinics at venues.
Characteristics of the population in this study were defined

by responses to bio-behavioural survey questions provided by
venue participants, hereafter: “participants.” Condom availabil-
ity was measured by an affirmative response to “If you wanted
a condom, would it be easy for you to get one?”, “In the past
six months, has an outreach worker such as a peer educator
given you a condom?”, or “Do you have a condom with you
now and can you show it to me [the interviewer]?”. Effective
condom use was measured from a series of four questions
asking about the participation in vaginal sex in the prior year,
the use of condom at last vaginal sex, the participation in anal
sex in the prior year and the use of condom at last anal sex,
where “I have never had penis to vagina/anal sex” was a
response option.
Venues were classified as having a high percentage of per-

sons living with HIV if prevalence among participants at the
venue was in the top 33% of HIV prevalence estimates
across all study venues. Similarly, venues were classified as
having a high percentage of persons with unsuppressed viral
load if the prevalence of unsuppressed viral load at the
venue was in the top 33% of the prevalence distribution
among study venues. HIV status was defined by the result
from a rapid HIV test, except among those who refused the
test or had a missing test result; in such cases, participants
who reported a positive test result within the prior year
were classified as living with HIV. Viral suppression was
determined through analysis of dried blood spots and was
defined as a viral load measurement under 1,000 copies/mL
(see details in Data S1).
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2.5 | Statistical analysis

Two types of data were analysed: venue-level data and partici-
pant-level data. Venues were weighted to represent the distri-
bution of characteristics across all venues at the selected
cross-border areas. Participant-level data were weighted to
represent the distribution of behaviours and other character-
istics that would be observed among a random sample of indi-
viduals at venues at the selected cross-border areas. The
participant-level data weights used to generate weighted esti-
mates for behaviours, characteristics and viral suppression are
described in the Data S1.
Applying weights and adjusting standard errors to account

for the complex survey design, we estimated the distribution
of venue characteristics, including type of venue and availabil-
ity of HIV prevention services. At the participant level, using
person-level weights and accounting for survey design, we
estimated the distribution of demographic characteristics
among populations found at venues in these cross-border
areas and the distribution of HIV prevention behaviours, such
as condom use, access to condoms and lubricants, and receipt
of information about HIV prevention.

We estimated the weighted mean number of prevention
services and the proportion of participants reporting high-
risk behaviours for venues where a high percentage of per-
sons living with HIV or unsuppressed HIV were found. We
generated prevention cascades for condom availability, and
effective use using weighted percentages for men, women,
female sex workers and men who have sex with men.
Among uninfected persons visiting venues, HIV testing his-
tory was categorized by ever been tested for HIV, testing
in the prior year and receipt of test result. Finally, we gen-
erated maps of cross-border areas depicting the weighted
percentage of venues with condoms available where visitors
had difficulty accessing condoms and the percentage of
venues visited by education outreach where visitors had
low effective use of condoms. Analyses were conducted
using SAS 9.4 software (SAS institute, Cary, NC) and R
(version 3.5.4).

3 | RESULTS

3.1 | Study sample

Of 1161 venues sampled for venue verification, 883 were
found operational with an informant willing to answer ques-
tions about the venue. Overall, 45.3% of venues were bars or
pubs (Table 1). According to venue informants, 94.8% of
venues were visited by members of at least one key or prior-
ity population, men or women visited the venue to pay for or
sell sex at 55.0% of the venues, and among the venues where
women and men were having sex, 71.9% (95% CI: 67.3, 76.4)
had condoms available at the venue.
Among the 883 venues, 452 were sampled for the bio-be-

havioural interviews. At sampled venues, 11,410 individuals
participated in the survey. The average age of participants was
30 years, 66.2% were male, 75.3% were employed and 46.1%
had at least some secondary education (Table 2). Among
women at venues, 21.3% (95% CI: 19.3, 23.2) reported that
they had ever experienced physical violence and 12.4% (95%
CI: 10.7, 14.1) had ever been forced to have sex. Among par-
ticipants who were not living with HIV, 89.7% had previously
received an HIV test, however, 20.9% of participants reported
their last test was more than one year prior to the survey,
not including the test offered at the time of the survey (Data
S1).

3.2 | The condom cascade

The HIV prevention cascades for condoms demonstrate that
the principal obstacle to condom use was lack of effective use
(Figure 1). Among the 85.6% of participants who reported
being able to obtain a condom, 60.5% reported not using a
condom at their last sexual encounter (51.8% of the total
uninfected population). However, a subset of participants
reported difficulty accessing condoms (14.4%), with women
(18.8%) more likely to report lack of access as a barrier to
condom use than men (12.3%, Figure 2). Female sex workers
at venues were more likely to report having access to and
using condoms than other participant populations. Most men
who have sex with men at venues reported access to con-
doms but low effective use.

Table 1. Characteristics of venues in the East Africa Cross-Bor-

der Integrated Health Study, 2016-2017

All venues (n = 883)

Count

Weighted

% 95% CI

Venue type

Bar/pub/restaurant 407 45.3 41.7, 48.9

Commercial venuea 74 9.4 7.2, 11.7

Hotel/guest house/lodge 266 29.9 26.6, 33.1

Nightclub/disco/brothel 22 2.4 1.3, 3.6

Outside venueb 39 4.5 3.0, 6.1

Transportation hubc 13 1.6 0.7, 2.6

Other 62 6.8 5.0, 8.6

Populations visiting venue

Fisher folk 386 44.7 41.1, 48.3

Truck drivers 609 69.7 66.5, 73.0

Young women 282 34.0 30.5, 37.5

Homeless people 297 35.2 31.7, 38.7

Injection drug users 51 6.2 4.4, 8.0

Years in operation

Less than 1 year 117 12.7 10.4, 15.1

More than 1 year 742 87.3 84.9, 89.6

Sale of alcohol 576 63.8 60.3, 67.3

Sex at venue 438 49.1 45.6, 52.6

Persons looking to pay for or sell

sex at venue

471 55.0 51.4, 58.7

Female sex worker lives at venue 155 17.9 15.0, 20.7

a

Commercial venues included markets, hair salons, shops, cinemas,
recreation and game centres and schools;

b

Outdoor venues included
beaches, parks, construction sites and streets;

c

Transportation hubs
included truck stops and lorry/railway stations. CI, confidence interval.
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3.3 | Access to prevention services

Among participants, 92.6% of women and 92.4% of men
reported having received information about HIV/AIDS either
at the venue, on the radio, or from a health worker in the
year prior to their interview (Table 3). Among participants
who came to venues to find a sex partner (n = 1,040), 11.4%
(95% CI: 7.6, 15.2) carried a condom with them. While 54.0%
(95% CI: 47.7, 60.2) of those engaged in anal sex in the prior
12 months (n = 183) reported using a condom at their last
anal sexual encounter, only 36.7% (95% CI: 34.9, 38.6) of
those participating in vaginal sex (n = 9275) in the prior
12 months reported using a condom at last vaginal sex.
Among participants reporting both anal and vaginal sex in the
prior 12 months (n = 161), 44.0% reported consistent use of
a condom at last anal and vaginal sexual encounter. Among
participants reporting receipt of any HIV information and vagi-
nal sex in the prior 12 months, 37.4% reported using con-
doms at last vaginal sexual encounter.

3.4 | Alignment of prevention services and
high-risk venues

Venues visited by high percentages of people living with HIV,
overall or unsuppressed, were not substantially more likely to
have condoms available, according to venue informants than
all venues combined (Table 4, 54.8% and 58.3% vs. 51.8%).
Informants at venues in outside areas and transportation
hubs, like railway stations and truck stops, reported an aver-
age of at least three prevention services across all cross-bor-
der areas (Table 5). The average number of prevention
services offered per venue ranged from 0.1 to 3.4 at each
cross-border area with notable differences in available ser-
vices across border areas in Malaba, Katuna/Gatuna and
Mutukula (Data S1). The most commonly reported prevention
services included distribution or sale of male condoms and
availability of HIV testing.

Table 2. Demographics of participants in the East Africa Cross-

Border Integrated Health Study, 2016-2017

All participants (n = 11,410)

Unweighted

mean/frequency Weighted % 95% CI

Age – Mean

(min, max)

30.2 30.4 (15, 85) 30.0, 30.7

Female 4175 33.8 32.1, 35.4

Pregnanta 244 8.2 6.8, 9.6

Education

Less than primary

school

2326 21.4 19.8, 23.1

Primary school 3827 32.5 30.8, 34.1

Some secondary

or more

5241 46.1 44.1, 48.2

Employment

Full, partial or

informal

8511 75.3 73.4, 77.3

Not employed 2793 24.7 22.7, 26.6

Key populations

Young women 1653 13.0 11.9, 14.1

Female sex

workers

655 5.3 4.7, 6.0

Men who have

sex with men

92 0.8 0.6, 1.0

Persons who

inject drugs

55 0.6 0.4, 0.8

Fisher folk 1279 9.9 7.7, 12.1

Truck drivers 192 1.9 1.3, 2.4

a

Weighted percentage of women who were pregnant at the time of
interview among all women. Ci, confidence interval.

Figure 1. HIV intervention-centric prevention cascade among an uninfected HIV population in the East Africa Cross-Border Integrated
Health Study, 2016-2017. aColor categories were generated using existing HIV prevention cascade frameworks [17]. bUninfected are those who
had sex in the prior year and were not infected with HIV.
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3.5 | Disparities in availability and use of services

In 12 of the 22 cross-border areas, informants reported that
free male or female condoms were available in the prior six
months at less than 33.0% of the venues where participants
reported difficulty accessing condoms at the venue (Figure 3).
For 17 of the 22 cross-border areas, informants reported
that, in the past six months, education outreach had visited
less than 50.0% of the venues where participants reported
low effective use of condoms (Figure 4). Many cross-border
areas had large disparities in condom availability and use
across the international border; in these areas, one side of the
border may have many venues with both a high need for con-
doms (i.e. many participants who reported low access or effec-
tive use of condoms) and few services to address this gap (i.e.
many informants reported no free condoms available and no
education outreach at venues) despite high reported levels of
access to/effective use of condoms and outreach activities at
venues just across the border.

4 | DISCUSSION

The CBIHS identified important successes and opportunities
for improving HIV prevention programming at cross-border
areas in East Africa. We described a study population that was
composed mostly of young men, suggesting that outreach to
venues in cross-border areas may be a suitable strategy to
reach men with HIV testing and other prevention services. Our
analysis used novel HIV prevention cascades to visually

represent data on HIV prevention intervention delivery. With
this prevention cascade framework, we found that effective use
at last sex was low despite generally high access to condoms.
Our approach provides an illustrative example for how preven-
tion cascades can be applied to guide assessment of other HIV
prevention commodities, like PrEP and personal lubricants [17-
20]. Lastly, we observed important differences in the availability
of prevention services by venue type and within the same
cross-border areas, suggesting opportunities for more granular
targeting of venue-based prevention services and transnational
coordination of HIV prevention programming.
Application of the cascade framework provides programme

planners with a standardized way to visualize barriers to tar-
geted HIV prevention delivery. The cascade format enables
quick visualization of important opportunities (or the lack
thereof) to prioritize and provide HIV prevention interven-
tions. In our study, the application of the cascade framework
identified adherence to condom use as a major barrier to
overall effective use in cross-border areas. The cascade frame-
work also creates a standardized way to compare efforts
across different populations at risk, such as between men and
men who have sex with men and between women and female
sex workers as was done in our study. Based on such compar-
isons, it appears additional work must be done to reach men
and women at venues who are not men who have sex with
men or female sex workers, but who may nonetheless be at
higher risk for HIV acquisition than people in the general pop-
ulation. Finally, while we focused on condoms for the preven-
tion cascade in our study, the framework can extend to other
prevention commodities, like PrEP [26].

Figure 2. HIV intervention-centric prevention cascade in select populations in the East Africa Cross-Border Integrated Health Study, 2016-
2017a. aColour categories were generated using existing HIV prevention cascade frameworks [17]. bUninfected are those who had sex in the prior
year and were not infected with HIV.
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The above programmatic applications notwithstanding, the
prevention cascade has unique challenges compared to the tra-
ditional HIV care and treatment cascade, and has received some
criticism for its limitations [27]. Many of these limitations have
been identified previously in other applications of the preven-
tion cascade framework to real-world data [17-19,26,28]. For
example estimating the percentages contained in each step of a
prevention cascade requires collecting more information
directly from participants than the traditional HIV care and
treatment cascade. Because the CBIHS was not designed
explicitly to produce an HIV prevention cascade, we did not cap-
ture all elements of the cascade for all prevention interventions,
which limited our ability to describe the cascade for services like
HIV testing and counselling and voluntary medical male circum-
cision. An additional challenge for applying prevention cascades
is unpacking local or national influences on the availability and
uptake of prevention services. For example the low effective
use of condoms in our study population could have been driven
by the approval of PrEP for use in East African countries; how-
ever, this is an unlikely explanation since PrEP availability was
nascent at selected study sites during the time of the CBIHS.
We described small differences by sex in condom use at last

vaginal sex, consistent with prior reports from the region of dif-
ferences in effective condom use by sex [29]. These observa-
tions may be explained partly by structural barriers to condom
use, such as economic and gender inequalities and intimate
partner violence (IPV), which disproportionately affect women
and can hinder women’s ability to negotiate for consistent con-
dom use. It has been shown that women who have experienced

IPV are 1.5 times more likely to acquire HIV than women who
have not experienced IPV [30-32]. A significant percentage of
women visiting venues in cross-border areas experienced phys-
ical violence or violence during sex, which might explain the
lower condom use observed. Other structural factors have
been shown to impact condom use, including poverty, alcohol
use before sex and policing practices [33,34]. To improve con-
dom and other HIV prevention commodity uptake and efficacy
at cross-border areas, HIV prevention programmes must care-
fully screen for structural barriers and offer one or more inte-
grated mitigation services, such as IPV support services, peer
navigation, substance use disorder treatment and income gen-
erating activities, among others [35].
HIV prevention programmes should deploy structural inter-

ventions in combination with evidence-informed biomedical
and behavioural prevention interventions tailored to the needs
of the community and the local context [2]. HIV prevention
programmes may capitalize on opportunities to create syn-
ergies between combination interventions. For example
receipt of HIV/AIDS education was high in our study popula-
tion, and this can serve as an important starting point for pro-
moting HIV testing services, condom adherence, or new
prevention methods like PrEP. Similarly, existing HIV testing
and peer educator services at venues can be leveraged to
improve condom uptake through condoms provision, education
on HIV risk during pre- and post-test counselling, and HIV
behaviour change communication to promote condom use.
This study identified other opportunities for improving HIV

prevention programmes. The preponderance of men found at

Table 3. Access to prevention services among participants in the East Africa Cross-Border Integrated Health Study, 2016-2017

Women (n = 4175) Men (n = 7235)

Unweighted

mean/

frequency

Weighted

% 95% CI

Unweighted

mean/

frequency

Weighted

% 95% CI

Condom access and use

Feel it is easy to get condom 2960 71.1 68.7, 73.5 5823 80.1 78.7, 81.6

Given condom by outreach worker in prior six months 1650 37.5 34.6, 40.4 3017 41.6 38.8, 44.4

In possession of a condom 192 4.3 3.3, 5.4 323 4.1 3.4, 4.9

Used condom at last anal sex (among those who had

anal sex in the prior 12 months, n = 183)

44 48.9 41.9, 55.8 32 43.9 36.0, 51.8

Used condom at last vaginal sex (among those who had

vaginal sex in the prior 12 months, n = 9275)

1173 35.7 32.9, 38.6 2200 37.3 35.2, 39.3

Other prevention services

HIV testing in prior 12 months 3138 74.0 71.9, 76.1 4909 67.3 65.5, 69.2

Feel it is easy to get sexual lubricants 201 4.6 3.0, 6.1 305 4.0 3.1, 4.9

Circumcised (among men) - - - 5506 77.0 75.1, 78.9

Received information about HIV/AIDS at the venue in

the prior 12 months

2189 50.3 47.5, 53.2 3597 48.7 45.6, 51.8

Received information about HIV/AIDS on the radio in

the prior 12 months

3652 86.2 84.7, 87.8 6426 88.4 87.0, 89.9

Received information about HIV/AIDS from health

worker in the prior 12 months

3003 69.1 66.1, 72.1 4927 66.9 64.5, 69.3

Received information about HIV/AIDS from any source

in the prior 12 months

3842 92.6 91.4, 93.7 6676 92.4 91.4, 93.5
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cross-border venues suggests possibilities to implement tar-
geted HIV case-finding strategies that engage men with novel
HIV testing modalities, such as index testing and HIV self-test-
ing, and linkage to treatment or prevention as appropriate.
Similarly, we described how bars, pubs and restaurants had a
higher proportion of patrons living with HIV, but a lower aver-
age number of available HIV prevention services than other
types of venues. This heterogeneity in availability of services
across venue type suggests that current HIV prevention pro-
gramming may not be sufficiently tailored to site-level differ-
ences in the epidemic at cross-border areas. Targeting HIV
prevention interventions to the people and places that need
them most can be a more efficient and impactful way to deli-
ver HIV services [36].
This study has several limitations. First, the small sample

size for some key and priority populations in our study, such
as men who have sex with men and persons who inject drugs,
limit inferences about the prevention needs and access to ser-
vices of these groups in selected cross-border areas. Second,
the analytic weights used do not account for bias introduced
by informative refusals or participants leaving the venue when
they learn that a survey is being conducted. Moreover, self-

Table 4. Venue characteristics and HIV prevention services available at venues with high percentages (top tertile) of persons living

with HIV and persons who are not virally suppressed in cross-border areas in the East Africa Cross-Border Integrated Health Study,

2016-2017

Venues with high % of

visitors living with HIV

(n = 90)a

Venues with high

% of virally unsuppressed

visitors (n = 28)a All Venues (n = 883)

Weighted %b 95% CI Weighted %b 95% CI Weighted %b 95% CI

Venue characteristic (%)

Venue type

Bar/pub/restaurant 49.1 38.0, 60.2 33.3 13.9, 52.6 45.3 41.7, 48.9

Commercial spotc 3.8 0.0, 7.6 9.3 0.0, 20.9 9.4 7.2, 11.7

Hotel/guest house/lodge 29.8 19.4, 40.1 25.9 10.2, 41.7 29.9 26.6, 33.1

Nightclub/disco/brothel 3.2 0.0, 6.9 - - 2.4 1.3, 3.6

Outside areasd 10.0 3.4, 16.7 19.2 3.1, 35.4 4.5 3.0, 6.1

Transportation hube 0.8 0.0, 2.4 2.8 0.0, 8.5 1.7 0.7, 2.6

Other 3.3 0.0, 6.6 9.5 0.0, 24.1 6.8 5.0, 8.6

Condoms availablef 54.8 44.3, 65.2 58.3 36.1, 80.5 51.8 48.2, 55.3

Alcohol sold 71.0 60.6, 81.4 53.7 31.6, 75.9 63.8 60.3, 67.3

Sex takes place on-site 58.8 47.9, 69.8 59.9 39.8, 80.1 49.1 45.6, 52.6

Sex work at venue 75.9 65.9, 85.9 53.7 34.9, 72.6 55.0 51.4, 58.7

Female sex workers live at venue 25.0 15.5, 34.5 22.2 5.8, 38.7 17.9 15.0, 20.7

Mean number of prevention services

Overall 2.15 1.58, 2.72 2.26 1.26, 3.25 1.79 1.63, 1.96

At venues where alcohol is available and/or sex takes

place on-site

2.34 1.72, 2.96 2.54 1.32, 3.76 2.02 1.83, 2.20

a

In the venues with high proportions of persons living with HIV, 8.3% to 40.7% of the persons visiting that venue live with HIV. In the venues with
high proportions of persons living with unsuppressed HIV, 100% of the persons with HIV visiting that venue live with unsuppressed HIV;

b

Data
weighted and standard errors adjusted to account for survey design;

c

Commercial spots included markets, hair salons, shops, cinemas, recreation
and game centres and schools;

d

Outside areas include beaches, parks, sex worker streets and construction sites;
e

Transportation hubs included
truck stops and lorry/railway stations;

f

Condoms available for free or for sale. CI, confidence interval.

Table 5. Average number of HIV prevention services available

by venue type in cross-border areas in the East Africa Cross-

Border Integrated Health Study, 2016-2017

All Areas (n = 883)

Number of

venues

Weighted

mean 95% CI

Venue type

Bar/pub/restaurant 407 1.65 1.41, 1.89

Commercial spota 74 1.47 0.98, 1.95

Hotel/guest house/lodge 266 1.77 1.51, 2.04

Nightclub/disco/brothel 22 2.10 1.26, 2.94

Outside areab 39 3.03 1.84, 4.22

Transportation hubc 13 3.67 1.70, 5.64

Other 62 1.92 1.24, 2.60

a

Commercial spots included markets, hair salons, shops, cinemas,
recreation and game centres and schools;

b

Outdoor area included bea-
ches, parks, construction sites and streets;

c

Transportation hubs
included truck stops and lorry/railway stations. CI, confidence interval.
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reported responses to the bio-behavioural survey have poten-
tial to introduce recall bias and social desirability bias into
respondent data. Finally, the CBIHS did not examine the
effects of social gender norms, income inequality, human
rights violations on access to and uptake of, HIV prevention
services and future studies should collect data on these struc-
tural factors.
To improve HIV prevention programming in East African

cross-border areas, future studies should examine whether
recent investments in transnational coordination and service
delivery since the time of the CBIHS have overcome the barriers
to prevention uptake and adherence documented here
[1-2,5,30]. Implementation science research, including empiri-
cally supported frameworks and measures, may clarify the extent

to which evidence-informed HIV prevention interventions are
being routinely deployed in combination to reach key and priority
populations in cross-border areas, as well as the reach, adoption,
sustainability and effectiveness of such efforts. Recently, several
interventions have been proposed and/or implemented in cross-
border areas, such as introducing cross-border health units, lib-
eralizing access to health services across borders, and creating
harmonized, cross-border HIV care and treatment protocols.
Acquiring knowledge about the effectiveness, sustainability and
scalability of these interventions will be vital to improving HIV
prevention in these areas. Also, we need more data on the con-
text and infrastructure required to successfully implement inter-
ventions to improve HIV knowledge and condom availability in
cross-border areas and populations. New knowledge on effective

Figure 3. Map of cross-border areas in East Africa included in the East Africa Cross-Border Integrated Health Study (2016-2017) with
weighted percentages of venues with free male/female condoms available in the prior six months among all venues visited by uninfected
persons having difficulty accessing condoms.

Figure 4. Map of cross-border areas in East Africa included in the East Africa Cross-Border Integrated Health Study (2016-2017) with
weighted percentages of venues visited by education outreach among all venues visited by uninfected persons not using condoms.
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strategies to adapt existing behaviour change communication for
cross-border populations is needed to better encourage effec-
tive use of condoms and other HIV prevention commodities.
Finally, further research is needed to refine the prevention cas-
cade framework to be maximally relevant to real-world HIV pre-
vention settings, and to capture the dynamic nature of HIV risk
behaviour and client preferences for various combinations of
HIV prevention services, including PrEP [21,37].

5 | CONCLUSIONS

There remain critical opportunities to improve HIV prevention
for key and mobile populations at venues in East African
cross-border areas, specifically to increase availability and use
of condoms and other primary HIV prevention interventions.
Delivering effective HIV prevention in this setting requires
adapting programming to fit the local HIV epidemic, including
tailoring services to address granular differences in service
availability and uptake by demographic and risk behaviour pro-
file, venue type and geographical location. Applying the pre-
vention cascade framework helps improve HIV prevention
interventions by standardizing visualization of barriers to pre-
vention delivery, quickly highlighting gaps, comparing efforts
across different populations at risk and identifying priorities
for future HIV prevention efforts. Harnessing this unique and
important data source to examine access to and gaps in pre-
vention services can be a useful and complementary public
health tool to protect the populations in cross-border areas.
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Abstract
Introduction: Despite improvements in prevention of mother-to-child transmission (PMTCT) of HIV outcomes, there remain
unacceptably high numbers of mother-to-child transmissions (MTCT) of HIV. Programmes and research collect multiple
sources of PMTCT data, yet this data is rarely integrated in a systematic way. We conducted a data integration exercise to
evaluate the Zimbabwe national PMTCT programme and derive lessons for strengthening implementation and documentation.
Methods: We used data from four sources: research, Ministry of Health and Child Care (MOHCC) programme, Implementer –
Organization for Public Health Interventions and Development, and modelling. Research data came from serial population repre-
sentative cross-sectional surveys that evaluated the national PMTCT programme in 2012, 2014 and 2017/2018. MOHCC and
Organization for Public Health Interventions and Development collected data with similar indicators for the period 2018 to 2019.
Modelling data from 2017/18 UNAIDS Spectrumwas used.We systematically integrated data from the different sources to explore
PMTCT programme performance at each step of the cascade.We also conducted spatial analysis to identify hotspots of MTCT.
Results: We developed cascades for HIV-positive and negative-mothers, and HIV exposed and infected infants to 24 months
post-partum. Most data were available on HIV positive mothers. Few data were available 6-8 weeks post-delivery for HIV
exposed/infected infants and none were available post-delivery for HIV-negative mothers. The different data sources largely
concurred. Antenatal care (ANC) registration was high, although women often presented late. There was variable implementa-
tion of PMTCT services, MTCT hotspots were identified. Factors positively associated with MTCT included delayed ANC regis-
tration and mobility (use of more than one health facility) during pregnancy/breastfeeding. There was reduced MTCT among
women whose partners accompanied them to ANC, and infants receiving antiretroviral prophylaxis. Notably, the largest contri-
bution to MTCT was from postnatal women who had previously tested negative (12/25 in survey data, 17.6% estimated by
Spectrum modelling). Data integration enabled formulation of interventions to improve programmes.
Conclusions: Data integration was feasible and identified gaps in programme implementation/documentation leading to cor-
rective interventions. Incident infections among mothers are the largest contributors to MTCT: there is need to strengthen
the prevention cascade among HIV-negative women.

Keywords: PMTCT; PMTCT cascade; prevention cascade; data integration; data triangulation; data layering; HIV
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1 | INTRODUCTION

Although significant gains have been made in reducing mother
to child transmission (MTCT) of HIV globally, there still
remains an unacceptably high number of transmissions esti-
mated at 170,000 and 160,000 new infections in 2017 and
2018 respectively; with all infected infants requiring antiretro-
viral therapy (ART) for life [1,2] and facing an increased risk of

significant morbidity and mortality that persists into adulthood
[3]. To date very few countries have attained MTCT elimina-
tion status according to WHO validation criteria (≤50 new
infections per 100,000 live births and a transmission rate of
<5% in breastfeeding populations and <2% in non-breastfeed-
ing populations) [1,4,5]. Success in delivery of prevention of
mother-to-child transmission (PMTCT) programmes is typically
evaluated according to the PMTCT cascade – a series of
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sequential steps that need to be implemented to optimise
care and prevention outcomes among HIV-positive women,
HIV-negative women at risk of infection, and their babies [6].
Indicators to measure success have evolved over time in par-
allel with knowledge and WHO PMTCT guideline updates [6].
Although the importance of primary prevention among moth-
ers has always been recognized (UNAIDS PMTCT prong 1)
[7], to date cascade reporting has largely focused on MTCT
outcomes (UNAIDS prongs 3 and 4). Given the growing pro-
portion of MTCT occurring postnatally, with significant contri-
bution from mothers who previously tested HIV negative [2],
it is critical to pay attention to HIV prevention outcomes
among pregnant or breastfeeding women in high prevalence
settings. Both research studies and programme evaluations
have documented losses to follow-up at different steps along
the cascades [8-11]. The value of PMTCT cascade analysis for
reporting PMTCT programme performance [12,13], and for
identifying gaps and appropriate interventions to strengthen
quality of facility-based PMTCT services [14,15] is well estab-
lished [6] and has informed use of other prevention, care and
treatment cascades in the HIV field [11,16-20].
The Global Plan to eliminate new HIV infections among chil-

dren and keep their mothers alive (2010) [21] stimulated analy-
ses of country PMTCT gaps and bottlenecks at each step of the
cascade to strengthen programming. However, previous PMTCT
cascade analyses have primarily utilised aggregate cross-sec-
tional data from routine programme reporting with known limi-
tations and importantly, not reported HIV status of either HIV-
negative women in antenatal care (ANC) through delivery and
postnatal period or exposed children at 18 to 24 months, or the
proportion with HIV-free survival at 24 months [6].
Together with implementing and research partners, Ministry

of Health and Child Care (MOHCC) in Zimbabwe is tracking the
progress towards elimination of MTCT (EMTCT) using a range
of platforms. Although these data are shared, there has been no
formal process to systematically integrate these data and max-
imise the learning they can provide. Public health triangulation/
data integration is a process for reviewing, synthesizing and
interpreting secondary data from multiple sources that bear on
the same question to make public health decisions [22,23].
In this study, we report on the process and results of a

“data integration initiative” undertaken by MOHCC in partner-
ship with implementing partners and researchers which aims
to integrate data from different sources in order to give a
fuller picture of performance of the national PMTCT pro-
gramme. Results will be used to strengthen the impact of the
PMTCT programme in Zimbabwe. Additionally, this process
aims to identify data gaps required to inform programming
and modelling across the region more broadly.

2 | METHODS

The data integration working group comprising individuals
from MOHCC, National AIDS Council, research and imple-
menting partner organisations met biweekly from May to
September 2019 to: (i) identify relevant data (ii) develop a
system for integration (iii) develop cascades using integrated
data (iv) identify data gaps (v) identify areas for programme
improvement, and (vi) identify geographies/facilities for speci-
fic intervention.

2.1 | Data sources

We triangulate data from four sources: MOHCC, research,
programme and modelling (Figure 1). Each source includes
multiple types of data, providing individual, facility and popula-
tion level evidence, with different strengths and weaknesses.
For example, the research is population-representative, used
robust methods for data collection and cleaning, and, impor-
tantly, includes mother-baby (MB) pairs who are lost to fol-
low-up from the health system. However, unlike programme
data where health outcomes are verifiable on medical record,
some survey outcomes are self-reported. See Table 1 for
detailed description of the data sources.
The data collection process for each is given below.

2.1.1 | Research

Between 2012 and 2018, researchers partnered with
MOHCC to conduct an external evaluation of Zimbabwe’s
PMTCT programme. Three representative, cross-sectional,
population-based surveys were conducted in catchment areas
surrounding the same 157 randomly selected health facilities
in five of Zimbabwe’s ten provinces. Multi-stage sampling was
used to select facilities and MB pairs for inclusion. The study
population consisted of infants born 9-18 months before the
survey and their biological mothers or caregivers aged
≥16 years old. Infants 9-18 months old were selected to be
able to detect HIV transmissions occurring during pregnancy,
delivery and breastfeeding. Importantly, the survey aimed to
include mothers or infants who had died since delivery, in
which case verbal autopsy data were collected. All mother/
caregiver participants completed an interviewer administered
questionnaire and provided a dried blood spot sample for HIV
testing. Details of survey methods have been published previ-
ously [24]. In 2017/2018, the survey was extended to include
MB pairs where babies were 19-36 months old specifically to
explore retention of mothers and babies in the later post-par-
tum period. In depth data on PMTCT services offered at facili-
ties were also collected.

2.1.2 | MOHCC

Through the National PMTCT Programme, MOHCC collects a
wide range of programmatic data at 1560 health facilities
across Zimbabwe into multiple paper registers that track
engagement of mothers/infants at different cascade points
including antenatal, delivery and postnatal service uptake and
clinical outcomes. In 36 Districts, MOHCC has piloted the MB
Pair register which tracks all MB (HIV positive and negative)
from birth to 24 months. For each MTCT that is recorded,
MOHCC recently introduced detailed case investigation and
documentation of potential causes of transmission. This is
recorded on paper then entered into a national database. At
624 high volume facilities, MOHCC enters data aggregated
from Patient OI/ART Care Booklets into an Electronic Patient
Monitoring System. Data entered onto monthly return forms
are entered into the District Health Information System 2
(DHIS2) on a monthly basis with centralized data entry and
retrieval at district level. MOHCC data are recorded by health
workers who have a high workload and typically do not have
time for routine quality assurance and data validation.
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2.1.3 | Implementing partner

The local implementing partner, Organization for Public Health
Interventions and Development (OPHID), has supported
MOHCC with implementation of the National PMTCT
Programme since 2001. Through President’s Emergency Plan
for AIDS Relief (PEPFAR)/USAID funding, OPHID currently
provides support at multiple health system levels to
strengthen HIV Care and Treatment at over 660 health facili-
ties in six Provinces through the Families and Communities
for Elimination (FACE HIV) Programme. This support includes
weekly, monthly and quarterly data collection and analysis of
PEPFAR Data Accountability Transparency and Impact Mea-
surement (DATIM) indicators, age- and sex-disaggregated
cross-sectional service indicators, and targeted process and
cohort-based programme assessments. The data sources for
OPHID’s programme mirror MOHCC data sources, but the
frequency and granularity of targeted analysis is more intense.
In addition, OPHID actively engages in data strengthening and
strategic utilisation at health facilities through monthly facility-
level data consolidation and visualization activities, district
level data triangulation meetings and annual data actualization.

2.1.4 | Modelling

United Nations Programme on HIV/AIDS (UNAIDS) supports
national Programmes to make annual estimates of key HIV
indicators. These estimates rely on national surveillance and
survey data, national programme data as well as epidemic pat-
terns derived from scientific studies. The Spectrum software is
used to combine this information under specific assumptions
to produce estimates of key indicators, including the number
of people living with HIV by age and sex, new infections, AIDS
deaths, AIDS orphans, the need for treatment and prevention,
including PMTCT. In this study, we report Spectrum estimates
on PMTCT outcomes.

2.2 | Data handling and analysis

Drawing on previous work in data triangulation and evidence-
informed intervention design [22,25], we followed four stages
in the data triangulation: (1) Evidence attribute mapping; (2)
Data quality assessment; (3) PMTCT Cascade Data Layering
Analysis; and, (4) Data-Driven Intervention Design. The cas-
cade data layering analysis was conducted at geographic level
rather than individual level because unique identifier data
were not available for programme data.

2.2.1 | Evidence attribute mapping

We mapped the data to understand attributes of each source
including defining the population, period covered, data collec-
tion methods, geographical coverage, and relative strength
and weaknesses [23]. We then determined the availability of
data for each step along an expanded PMTCT cascade that
includes infant HIV status at 18-24 months and HIV-free sur-
vival [6].

2.2.2 | Data quality assessment

We assessed the relative strengths and weaknesses of each
data source according to four major categories: conformance
of data values to intended format and allowed values (e.g. for
survey data we verified that numeric data, such as age,
appeared as such, and we did additional checks if age of
mother did not fall between 16 and 55 years. For programme
data which were aggregate, examples of conformance checks
included application of validation rules that numerators were
smaller than denominators along the cascade and that histori-
cal trends in reporting were realistic with data verification for
outliers). We also checked for completeness (extent of miss-
ingness), plausibility, for example verifying that dates of birth/
delivery and early infant diagnosis made temporal sense, and

MOHCC
DHIS2

Na onal reference laboratory data
mother-baby pair register

HIV Posi ve child case inves ga on 
Form (0 to 24M)

RESEARCH
PMTCT Evalua on Survey 
Data 2012-2018: 
representa ve popula on 
data collected at level of 
facility catchment area
Facility-level cos ng and 
process data for 157 health 
facili es

IMPLEMENTER
Age and sex-disaggregated 

weekly and monthly repor ng 
660+ facili es

Facility-based cohort analyses 
Process & Implementa on 

Fidelity Monitoring
Data actualiza on and 

valida on

MODELLING

Spectrum Es mates: 
derived annually for 
key HIV indicators

Risk factor 
analysis

Figure 1. Data sources and domains.
DHIS2, District Health Information System 2; MOHCC, Ministry of Health and Child Care; PMTCT, prevention of mother-to-child transmission.
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relevance of data values. See Appendix for the framework that
was used [26].

2.2.3 | PMTCT cascades data layering analysis

We constructed mother and infant cascades according to a
comprehensive cascade framework [6], indicating engagement
of (i) HIV-positive women, (ii) HIV exposed infants and (iii)
HIV-negative women according to each of the four data
sources. For the research we used data from the 2017/2018
survey. For MOHCC and OPHID data, proportions were cal-
culated for 2018. We used the latest modelling estimates that
were based on 2017/2018 data.
For each data source, we examined risk factors for poor

programme performance such as poor health service uptake,
ART initiation and MB retention using different methods
according to available data. We only performed univariable
analysis to determine risk factors for MTCT from survey data
because there were too few MTCTs (25 in total) to conduct
multivariable analysis. For the survey, we conducted a spatial
analysis of MTCT hotspots using MTCT data. We layered this
with MOHCC data on new positives so as to identify geo-
graphic target areas for enhanced prevention interventions.
Risk factors for MTCT were further explored through analysis
of detailed case investigation of MTCT that was supported by
OPHID, and also through analysis of modelling outcomes.
Using patterns determined from geographic regions where

data from all sources were available, we determined the feasi-
bility and utility of extrapolating to regions/facilities with miss-
ing data. Although each data source was analysed individually,
for the integration exercise we evaluated concordance in cas-
cade indicator data across available sources, and identified
information gaps and areas of poor performance across the
PMTCT cascade.

2.3 | Ethical considerations

The research (serial surveys) had ethical approval from Medi-
cal Research Council of Zimbabwe, reference numbers
MRCZ/A/1655, MRCZ/A/ 1826, MRCZ/A/2162 for 2012,
2014 and 2017 surveys respectively. Approval was also
obtained from the following ethics committees: University Col-
lege London (2517/004), University of California Berkeley
(2014-02-6038) and Liverpool School of Tropical Medicine
(16-063). Written informed consent was obtained from survey
participants before study procedures were done. MOHCC
and OPHID data were collected programmatically with verbal
consent; with all but PMTCT case investigation (where names
were necessary for follow-up but was de-identified at data
entry and in generated reports) using deidentified data.

3 | RESULTS

Table 1 shows a summary of the data that were available for
triangulation. Data came from similar periods which made
comparisons feasible, except for prior survey rounds which
albeit provided important baseline and midline comparisons
prior to HIV care and treatment guideline changes including
Option B+ and Treat All. We recruited 8800; 10,404 and
7709 mother/caregiver infant dyads from the 2012, 2014 and

2018 surveys respectively. For women attending ANC, in
DHIS2 and OPHID DATIM, 448,475 and 177,706, records
were used respectively.

3.1 | Engagement at different steps of the cascade

We present separate cascades for HIV-positive women (Fig-
ure 2a), HIV-exposed infants (Figure 2b) and HIV negative
women (Figure 2c) constructed using data from the four
sources. Each cascade is constructed up to 24 months postna-
tal as median duration of breastfeeding, and consequent risk of
MTCT in Zimbabwe (and elsewhere in the region) is
18 months. Overall, the different data sources showed similar
trends, with data gaps later in all three cascades. The exception
is for HIV testing in labour and delivery among eligible women.
While available evidence on antenatal and perinatal cascade
indicators is relatively complete, there are information gaps in
all cascades during the postnatal period. For example, there are
more data points from more sources for HIV infected women.
There are few data on MTCT following early infant diagnosis
(6-8 weeks postnatal) in the infant cascade. While MOHCC has
introduced a MB pair register to track individual outcomes of
MB pairs from birth to 24 months, there are no reported data
available for HIV-negative mothers from any source in the post
natal period resulting in poor understanding of coverage and
outcomes of HIV re-testing intended to identify maternal inci-
dent infection in the postnatal period. At present, cascade data
on primary prevention for pregnant and lactating women test-
ing HIV negative (i.e. referral and linkage rates of HIV-negative
women to HIV prevention services such as pre-exposure pro-
phylaxis (PrEP)) is completely lacking. Importantly, no data are
routinely reported on the final outcomes for: HIV positive
mothers alive on ART at 24 months (Figure 2a), HIV-exposed
infants at cessation of breastfeeding (Figure 2b) or among HIV
negative women in the post-partum period (Figure 2c). There
are gaps in reporting viral load monitoring cascades among
HIV-positive pregnant and lactating mothers.

3.2 | MTCT of HIV

Survey data showed that MTCT by 9-18 months post-partum
decreased from 9.5%, 5.1% and 3.4% in 2012, 2014 and 2018
respectively, while Spectrum showed estimates of 7.78% in
2018 by end of breastfeeding. Analysis of trends of MTCT by
province showed heterogeneity across and within provinces
(data not shown) [27]. Layering of survey and MOHCC data
shows that similar geographical areas are hot spots for MTCT
(Figure 3). MOHCC data includes data from all ten provinces,
showing regions where it is most critical to intervene.
Risk factor analysis in the 2018 survey (which covered five

of ten provinces) found that a higher prevalence of partner
accompaniment for first ANC was associated with a decrease
in MTCT, as was knowledge of an HIV-positive status before
pregnancy and receipt of antiretroviral prophylaxis for the
baby, Table 2. Women who travelled (received care at more
than one facility) more than doubled the risk of MTCT. Of
note, out of 25 MTCTs in the 2018 survey, 12 were among
MB pairs where the mother had previously tested HIV nega-
tive. Programme data on HIV Positive Child Case Investigation
found that the majority of mothers that transmitted HIV to
their infants booked for ANC late, with a median of
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(a)

(b)

(c)

Figure 2. Cascade for (a) HIV-positive women; (b) HIV-exposed infants; (c) HIV-negative women.
ANC, antenatal care; ART, antiretroviral therapy; DHIS2, District Health Information System 2; MOHCC, Ministry of Health and Child Care; PEP-
FAR/DATIM, President’s Emergency Plan for AIDS Relief/Data Accountability Transparency and Impact Measurement; PMTCT, prevention of
mother to child transmission.
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23.5 months, and 40% were unaware of their partner’s HIV
status, Table 3. Additionally, 53% of infected babies were born
to mothers who were reported to be negative before preg-
nancy. Case investigation data also demonstrate MTCT was

explained by late HIV diagnosis and limited time on ART
among mothers before delivery. In addition, as reported in all
survey rounds, the case investigation process revealed that
maternal mobility increased transmission risk.

Survey dataMOHCC data  

Grey dots represent sites where 
there were no HIV positive mothers

EID Positivity Rate

New Infections 0-24 months

Legend
0 - 10
11 - 20

21 - 30

31 +

Legend
≤ 1%

2%

3%
≥ 4%

Figure 3. Spatial representation of MTCT across the country.
MOHCC, Ministry of Health and Child Care; MTCT, mother-to-child transmission.

Table 2. Univariable analysis of factors associated with MTCT

in 2018 survey

Factor

Number

(%) MTCT

Odds ratio (95%

confidence interval) p

Timing of ANC

registration/month

– 1.20 (0.96-1.52) 0.11

Partner accompaniment to ANC

No 14 (5.45) 1 0.01

Yes 3 (1.30) 0.23 (0.065-0.81)

No partner 1 (25.00) 5.79 (0.56-59.25)

HIV status before pregnancy

Negative 14 (6.6) 1 0.01

Positive 7 (2.1) 0.32 (0.13-0.81)

Baby received ARV prophylaxis

No 14 (7.9) 1 0.003

Yes 11 (2.4) 0.29 (0.13-0.65)

Received care at more than one facility

No (one facility) 11 (2.6) 1 0.03

Yes 12 (6.5) 2.55 (1.10-5.89)

ANC, antenatal care; ARV, antiretroviral; MTCT, mother-to-child trans-
mission.

Table 3. Descriptive analysis among case investigation form

respondents (N = 271 HIV-positive infants)

Factor Number (%) or parameter

Timing of ANC

registration/month

Median 23.5 weeks/5.4 months (N = 96)

Male partner HIV status

Negative 20 (7.4)

Positive 104 (38.4)

Unknown 109 (40.2)

Not Documented 37 (13.7)

HIV status before pregnancy

Negative 143 (52.7)

Positive 81 (29.9)

Not documented 47 (17.3)

Baby received ARV prophylaxis

No 67 (24.7)

Yes 166 (61.2)

Not documented 38 (14.0)

Received care at more

than one facility

48/219 (21.9) - maternal mobility noted

in free text comments

ANC, antenatal care; ARV, antiretroviral.
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Of note, modelling indicated that the majority of MTCTs
are attributable to mothers who become infected during
breastfeeding (Figure 4), pointing to the need to strengthen
HIV-retesting, risk screening, primary prevention and follow-
up care of HIV-negative mothers postnatally (in addition to
the care for HIV-positive mothers which has been more opti-
mally given).
A key finding is the variable coverage and completeness of

MTCT case investigation: some health facilities complete this
comprehensively for all newly diagnosed infants, while in many
facilities there were gaps which did not allow elucidation of
the cause of transmission.
The data integration process led to decisions on how pro-

grammes/data systems could be improved. See Figure 5 and
Boxes 1 and 2 for examples of such decisions/effects.

4 | DISCUSSION

We describe a process for integrating data from different
sources to evaluate the PMTCT programme and formulate
interventions for strengthening both the data and implementa-
tion processes. We found that across datasets, ANC coverage
is high, although women generally present late. Uptake of HIV
testing among women who present to health facilities is near
universal. There are gaps in viral load monitoring of mothers,
which may impact MTCT rates. There is variability in PMTCT
programme success, with clear MTCT hot spots identified.
Investigation of MTCT cases is a recently introduced interven-
tion; we found that this intervention has not yet been adopted
across all sites and those sites that implement do so with vari-
able fidelity. Risk factor analysis of MTCT found that late

Figure 4. Modelling of MTCT rate by source.
ART, antiretroviral therapy; MTCT, mother to child transmission.

Box 1. Data integration leads to programme strengthening – maternal mobility during perinatal care and risk of postna-
tal transmission Preliminary analysis of the 2018 survey data showed that MTCT was higher in the group who visited >1
facility (6.5% vs. 2.6%, odds ratio 2.55 (95% confidence interval 1.10-5.89), p = 0.03).

MOHCC HIV Positive Child Case Investigation Forms documenting maternal and infant characteristics of new paediatric diag-

noses were submitted by 118/669 OPHID-supported sites from January 2018 to September 2019 and were electronically

entered and analysed centrally. During form review, free text comments reported maternal travel during antenatal/postnatal

HIV care among 21.9% (48/219) of HIV-positive women who transmitted to their infants 0-24 months.

Travel during infant exposure period has been recommended as a standardized indicator on a revised MOHCC HIV Positive

Child Case Investigation Form for implementation at all health facilities in Zimbabwe.

Based on these findings, OPHID is working with MOHCC to implement the Strengthening of Information Systems for Elimi-

nation of MTCT (SISTEM) – to strengthen PMTCT Programme implementation fidelity and documentation in high MTCT inci-

dence health facilities. SISTEM includes routinely asking and documenting travel plans during the antenatal and postnatal

period and strengthened referral systems for women reporting an intention to travel. OPHID is also contributing to the

development of a standardized MOHCC Differentiated ART Service Delivery model for mobile and migrant populations, with

special considerations for pregnant and lactating mothers.
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ANC registration with corresponding delay in initiation of ART
was critical. Other factors associated with MTCT include
mobility of mothers and accompaniment to HIV testing or
ANC by partners. Of note, estimates of MTCT differ between
Spectrum and survey data (7.78% and 3.8% in 2018), likely
because the survey measured MTCT up to a median of
11.5 months postnatally whereas Spectrum estimates MTCT
at cessation of breastfeeding. Both modelling and research
data suggest that the largest source of MTCT is among
women who have tested HIV negative during ANC but who
seroconvert and transmit during breastfeeding, but there are
currently no programme data showing follow-up of HIV-nega-
tive women postnatally.
Lack of follow-up data of HIV-negative women in the face

of high HIV incidence in this group calls for strengthening of
implementation and documentation of prevention

interventions in this group: there is need to increase the
demand, supply and optimal use of both retesting and preven-
tion methods among HIV-negative women postnatally. Women
need to receive information/education on existing prevention
methods, with tailored messaging according to type of woman,
for example, young women may be told about mentored moth-
ers programmes [28] while other women may benefit from
PrEP or circumcision of their partners. The PMTCT cascade
would therefore need to be extended to capture engagement
with prevention: (i) how many women know of prevention
methods; (ii) how many took up prevention methods, and, (iii)
how many optimally used the methods; see Figure 6. In pur-
suit of ensuring better follow-up of HIV-negative women
MOHCC are currently rolling out guidelines to routinely sup-
port and document engagement of individual MB pairs to
24 months postpartum regardless of maternal HIV status. All

Research 
data ModellingProgramme

data

Evidence 
aƩribute 
mapping

Data quality 
assessment

PMTCT Cascade 
data layering 
analysis

Data-Driven 
intervenƟon 
design

Findings
1. Data integraƟon is feasible
2. There is facility-level variability 

in implementaƟon of services
3. There are gaps in post-delivery 

cascades for mothers and babies

Strengthen data 
collecƟon & 

analysis at health 
facility level

v Analysis of data at 
district level

Analysis of data 
at facility level Targeted 

programme
strengthening 

to areas of 
greatest need

Improved 
demand for data 

at facility level

Details of data strengthening intervenƟon

Figure 5. Process of data integration and summary of findings and resulting intervention.
PMTCT, prevention of mother-to-child transmission.

Box 2. Data integration leads to programme strengthening – postnatal MTCT is increasingly important UNAIDS SPEC-

TRUM modelling in Zimbabwe (and globally) suggests that 40% of transmissions are occurring postnatally during breast feed-

ing with a substantial proportion of infections among mothers who were HIV negative at the time of delivery (Figure 4).

However, to date there has been limited empirical evidence to support this. In the 2018 PMTCT impact evaluation survey 12

of the 25 transmissions (48% 95% CI 28.4-67.6) identified had occurred in mothers reporting that they were HIV negative in

ANC.

Furthermore, analysis of MOHCC HIV Positive Child Case Investigation Forms in OPHID-supported facilities revealed that 23%

(61/271) of mothers that transmitted HIV to their infants were only diagnosed in the postnatal period.

MOHCC has introduced a post natal MB Pair register with electronic data entry into DHIS2 which tracks all mother infant pairs

from 0 to 24 months postnatally to ensure timely retesting, retention in HIV prevention and care and final outcome ascer-

tainment of both HIV-positive and HIV-negative MB pairs. Entry and analysis of MB service uptake and outcomes will be crit-

ical for informing PMTCT programme efforts as Zimbabwe approaches EMTCT.
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MB pairs living in a facility catchment area are entered into a
mother infant care register to facilitate tracking and early
identification of loss to follow-up, with data entered electroni-
cally into DHIS2. This process could be strengthened through
training and mentoring of health workers to implement with
fidelity and regularly review and act on their programme data
to optimize maternal retention in the primary prevention cas-
cade of recommended services.
Similarly, facilities need to be supported to improve and act

on results of their MTCT case investigation to provide learn-
ing on where gaps/bottlenecks are. Although MOHCC has
introduced MTCT case investigation it has not yet been
widely implemented. Health facilities need capacity building to
strengthen their use of data to ensure timely improvements in
implementation, which may include training and mentorship as
well as providing feedback on performance. In addition, given
the negative impact of mobility of women during pregnancy
on MTCT, interventions to strengthen engagement and
ensure between facility referral are being considered.
Together with MOHCC, OPHID are planning to pilot a differ-
entiated service delivery model for mobile and migrant preg-
nant and lactating women living with HIV, which includes data
strengthening for documentation of referrals and confirmed
uptake.
There is need to promote early registration for ANC. Previ-

ous qualitative research in Zimbabwe has shown that although
demand for ANC among women is high, they may face personal/
family barriers such as fear of HIV testing and lack of male part-
ner support [29], and supply-side barriers such as reluctance to
engage with unfriendly health workers. Many suggestions on
how uptake of ANC can be improved have been made [29],

including improvement of male partner support and removal/
abolition of user fees [30], which MOHCC has adopted.
The strengths of this paper include the comprehensive data

that comes from four sources, giving us deeper understanding
of the PMTCT programme in Zimbabwe. Combining data from
different sources potentially allows us to overcome the inherent
limitations/weaknesses of each individual data source. For exam-
ple, while survey data on timing of testing and engagement of
services are limited by self-reporting, programme data are gen-
erally objectively (if incompletely) collected. Our survey data
have robust numerators and denominators, while programme
data have incomplete data on denominators. The systematic pro-
cess by which we conducted the integration/triangulation exer-
cise gives us confidence in the results. Also, the triangulation
process has potential utility for extrapolating missing data, which
may prove important when data are not immediately available.
Limitations of the data integration exercise include the use

of different sampling and data collection methods, with sam-
pling occurring at different time periods which limits the abil-
ity to compare with certainty. The quality and completeness of
data varied by data source. Indicators were not always mea-
sured in the same way (for example some were measured
through self-report during the survey but by clinic record
from programm). Spectrum estimates of post-partum transmis-
sion relied on transmission rates pre-ART. Although there was
overlap of geographic regions covered in many instances, in
some cases there was poor or no overlap. Despite all these
weaknesses, integration ensured that weaknesses in one data
source were compensated for to a certain extent by the other
sources, and we showed similar findings where data across
sources were available.

Figure 6. Expanded PMTCT Cascade to include the prevention cascade among HIV-Negative Women.
*Hamilton et al., JAIDS 2017. ANC, antenatal care; PMTCT, prevention of mother-to-child transmission.
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5 | CONCLUSIONS

By systematically integrating data from multiple sources, a num-
ber of areas for PMTCT programme strengthening were identi-
fied. In addition, important data gaps became apparent. The data
integration working group is developing a package of data
strengthening interventions informed by this work for rollout
and evaluation and proposes that the cascades be extended to
fully capture PMTCT and maternal and infant survival.
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Abstract
Introduction: As a user-controlled HIV prevention method, oral pre-exposure prophylaxis (PrEP) holds particular promise for
adolescent girls and young women (AGYW). HIV prevention cascades, critical frameworks for the design and evaluation of
PrEP programmes, outline the priorities of identifying individuals at greatest HIV risk and motivating them to initiate PrEP
through perceived HIV risk. To inform future iterations of these cascades and PrEP delivery for AGYW, the objective of this
study was to understand the level of interest in PrEP among AGYW at highest HIV risk, and the potential role of perceived
risk in motivating PrEP interest.
Methods: Using data from a cohort study of HIV-negative AGYW in Lilongwe, Malawi (February 2016 to August 2017), we
assessed the relationship between epidemiologic HIV risk (risk index developed in a previous analysis) and PrEP interest, and
the extent to which perceived risk explains the relationship between HIV risk and PrEP interest. We further aimed to opera-
tionalize the pre-initiation steps of the HIV prevention cascade in the study population.
Results: In total, 825 AGYW were included in analyses, of which 43% met the criterion for high epidemiologic HIV risk. While
epidemiologic risk scores were positively associated with PrEP interest, high numbers of AGYW both above and below the
high-risk cutoff were very interested in PrEP (68% vs. 63%). Perceived risk partially explained the relationship between HIV
risk and PrEP interest; greater epidemiologic HIV risk was associated with high perceived risk, which was in turn associated
with PrEP interest. Many more high-risk AGYW were interested in PrEP (68%) than expressed a high level of perceived HIV
risk (26%).
Conclusions: These results highlight key relationships between epidemiologic HIV risk, risk perception and interest in PrEP.
While risk perception did partially explain the relationship between epidemiologic risk and PrEP interest, there may be other
important motivational mechanisms that are not captured in many HIV prevention cascades. The high number of participants
with risk scores below the high-risk cutoff who both expressed high perceived risk and interest in PrEP suggests that demand
for PrEP among AGYW may not be well aligned with epidemiologic risk.
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1 | INTRODUCTION

Adolescent girls and young women (AGYW) in sub-Saharan
Africa are an important population for HIV prevention [1,2]. In
Malawi, AGYW ages 15 to 24 have more than twice the risk
of HIV infection as their male counterparts [3-5]. This dispro-
portionate burden of HIV risk among AGYW can be explained
by a number of biological, social and behavioural factors [6],
including difficulty negotiating condom use [7,8]. To date, the
predominant prevention technology available in Malawi has
been the male condom, which is primarily male-controlled and
affords women limited ability to protect their sexual health. In
contrast, oral pre-exposure prophylaxis (PrEP) is an effective

individually-controlled prevention method, a promising alterna-
tive or additional prevention tool for AGYW [9-11].
Following World Health Organization (WHO) guidelines rec-

ommending offering PrEP to at-risk populations, including
AGYW in high burden settings [12], many countries including
Malawi are beginning to make provisions to offer PrEP to
AGYW. Despite the promise of PrEP and its impending rollout,
we know little about the acceptability and potential uptake of
PrEP among AGYW, including those in greatest need. With
limited resources for PrEP [13], we need to understand if
those AGYW at greatest HIV risk are the most likely to initi-
ate PrEP. Furthermore, we need to understand how AGYW at
greatest risk may become motivated to consider PrEP.
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HIV prevention cascades provide valuable frameworks and
metrics by which to evaluate the impact of prevention pro-
grammes, and to identify important intermediary endpoints to
guide the development of effective prevention programmes
[14]. The majority of these cascades begin by identifying the
at-risk population [14-17], but the intermediary steps between
identification of this population and initiation of a prevention
method differ across cascades. That said, the thematic com-
monality between intermediary steps in many cascades are
explicit or implicit mechanisms motivating initiation of a given
prevention method. While Schaefer et al.’s 2019 unified cas-
cade is the only to explicitly include a “motivation” step [14],
and Hargreaves et al. similarly include “demand side” factors
which may motivate or facilitate interest and access [18], the
most commonly included motivational step is perceived HIV
risk [15-16,18,19]. The inclusion of risk perception in the
majority of cascades implies that HIV risk perception is a key
process through which individuals at elevated risk may be
motivated to consider PrEP or other HIV prevention methods.
However, empirical data on this implicit assumption are lack-
ing. Understanding whether or not this mechanism is evident
in AGYW can inform whether risk perception is an important
target in programmes to promote PrEP interest and eventual
uptake among high-risk young women, and can be used to
inform future iterations of the HIV prevention cascade to clar-
ify priorities for motivational mechanisms to target.
To address this gap, using data from an observational

cohort study with AGYW in Lilongwe, Malawi we aim to
answer two primary questions: (1) Are those AGYW at high-
est HIV risk actually the most likely to (a) perceive themselves
to be at risk and (b) express interest in PrEP use? and (2) To
what extent does perceived risk explain the relationship
between HIV risk and PrEP interest? We further aim to oper-
ationalize the pre-initiation stages of the prevention cascade
in the study population. The answers to these questions will
build understanding of likely outcomes for key precursors to
PrEP interest and uptake in the early days of rollout to
AGYW.

2 | METHODS

2.1 | Study context

The Girl Power-Malawi study was conducted at four health
centres in Lilongwe, Malawi from February 2016 to August
2017 and assessed four service delivery models for AGYW
[20,21]. All clinics were in urban and periurban areas and
had antenatal HIV prevalence levels of at least 5%. None of
the models of service delivery included PrEP information or
PrEP services. At the one-year follow-up participants were
asked about their hypothetical interest in PrEP. The data pre-
sented here are taken from behavioural surveys from this
trial.

2.2 | Study participants and procedures

Two-hundred and fifty AGYW were recruited from the catch-
ment areas surrounding each of the four study clinics
(n = 1000 total) through community outreach, participant
referral, and self-referral. AGYW were eligible to participate if
they were 15 to 24 years old, from the catchment area, and

willing to provide locator information (phone number and/or
physical location). AGYW who were sexually active in the past
six months were purposively recruited; study staff informally
discussed romantic relationships and sexual activity with
AGYW and invited those with current or past sexual activity
for screening. Eligible and consenting participants were
enrolled and followed for one year. All participants were asked
to complete a behavioural survey at baseline, six months, and
one year assessing socioeconomic, behavioural, biomedical and
partnership characteristics; interest in using PrEP; and HIV
risk perception. Surveys were administered in Chichewa by
young female research officers using Open Data Kit software
[22]. Phone and physical tracing were conducted for partici-
pants who missed research visits. Eight-hundred and sixty-
seven AGYW participated in the one-year visit (87% reten-
tion). The present analysis excludes AGYW who reported an
HIV-positive test result by the one-year follow-up visit (42
participants).

2.3 | Ethical review

Girl Power-Malawi received approval from the National
Health Science Research Committee in Malawi and the
University of North Carolina Institutional Review Board. Vol-
untary written informed consent was obtained from partici-
pants 18 to 24 years old. Assent and permission by a parent,
guardian or authorized representative were obtained for ado-
lescents 15 to 17 years old. In cases of limited literacy, an
impartial witness was present.

2.4 | Measures

2.4.1 | Epidemiologic HIV risk

Indicators of HIV risk used were previously identified as those
associated with HIV incidence in the Girl Power-Malawi
cohort [23]. All nine identified risk factors were assessed at
one year. Indicators included two sociodemographic factors
(age 20 to 24; being separated/divorced/widowed), four sexual
partnership characteristics in the past six months (≥2 part-
ners; exchanging sex for money or gifts (transactional sex);
having ≥1 partner ≥5 years older; and known/suspected part-
ner concurrency), two sexually transmitted infections (STI)
symptoms in the past six months (abnormal vaginal discharge;
genital sores/ulcers) and having a previous pregnancy (mea-
sures previously described [24]). In our previous work to
develop this risk index, AGYW with ≥3 risk factors were 15.2
times as likely to acquire HIV as those with <3 factors [23].
We summed the nine risk indicators by participant to create a
risk score, and created a dichotomous of “high risk” indicator
for some analyses (≥3 factors indicating “high risk”). This high-
risk cutoff was determined in the previous analysis; those with
≥3 risk factors had an HIV incidence rate >3 per 100 person-
years, the WHO high-risk threshold [25].

2.4.2 | Perceived HIV risk

AGYW rated their perceived lifetime chance of acquiring HIV
as: “no chance,” “small chance” or “high chance.” In bivariate
analyses, this was dichotomized as “high chance” (1) versus
other responses (0).
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2.4.3 | PrEP interest

AGYW were rated their potential interest in using PrEP after
receiving this explanation: “PrEP is a medicine that can be
used to prevent HIV for people who are HIV-negative. To be
protected with PrEP, a pill is taken every day. These pills con-
tain some of the same medicine used to treat people who
already have HIV. PrEP is not currently available in Malawi.”
Participants rated their interest in trying PrEP if it were avail-
able at the study clinic (“not at all interested,” “somewhat
interested” or “very interested”). For multivariate analyses, this
was dichotomized as “very interested” (1) versus other
responses (0).
Control variables included highest level of education (grade

level) and household economic status evaluated through an
adapted Filmer Pritchett Wealth Index including 13 household
assets [26]. A composite wealth score was created by weighting
each asset by its factor loading on the first component in a prin-
ciple components analysis, placing individuals on a continuous
scale of relative wealth and categorizing scores into terciles [26].

2.5 | Analysis

All analyses were performed in SAS v 9.4. We tested the follow-
ing hypotheses: (1) Women with greater HIV risk will be more
likely to a) be very interested in PrEP and b) perceive high HIV
risk; (2) Women with greater perceived risk will be more likely to
be very interested in PrEP; (3) Perceived risk will mediate the
relationship between HIV risk and PrEP interest per hypotheses
1&2.We described the frequencies and percentages of categori-
cal variables, and the median and inter-quartile range of continu-
ous variables (Table 1). We then estimated unadjusted and
adjusted odds ratios of the association between each exposure
and outcome of interest and corresponding 95% Wald chi-
square confidence intervals (Table 2). As adjustment for the con-
trol variables above did not qualitatively alter the results, only
adjusted odds ratios are presented. To assess the assumption of
linear associations between epidemiologic HIV risk and the
response variables, we compared the fit of the linear model with
three alternatives: a quadratic, a cubic, and a categorical model.
Likelihood ratio tests did not indicate improved fit with these
alternative models [27].
We assessed the mediation hypothesis by estimating indirect

and direct effects using the PROCESS macro v3.3 [28]. Statistical
mediation was determined by assessing the statistical signifi-
cance of the indirect effect (product of a*b; Figure 1) by the cri-
terion of a non-zero bootstrapped 95% confidence interval
(5000 resamples) [28,29]. Estimates for each path are adjusted
for the control variables above; in this analysis we assume no
unmeasured confounding for the causal effect of the mediator on
the outcome. The proportion of the relationship between HIV
risk and PrEP interest explained by the perceived risk mediator
was calculated as 1-c’/c (Figure 1) [28]. Finally, to characterize
the “cascade” of level of perceived HIV risk and PrEP interest
among high HIV risk AGYW, we calculated conditional frequen-
cies of high perceived risk and being very interested in PrEP in
this group (Figure 2). All hypothesis tests were completed using
an imputed dataset. Given low levels of missing information (6%
or less per variable), we employed deterministic imputation as
follows [30]: Deterministic regression imputation for variables
missing for >2% of participants; median imputation for variables

missing for <2% of participants. PrEP, pre-exposure prophylaxis;
STI, sexually transmitted infections.

3 | RESULTS

3.1 | Participant characteristics

In total, 825 AGYW completing the one-year assessment not
reporting an HIV-positive test result were included. At one
year, the median age of participants was 20 years old
(Table 1). Half had completed primary school (51%) and a

Table 1. Descriptive Statistics at one year (N = 825)

n (%) or median [IQR]

Age 20 [18 to 22] (range: 15

to 27)

Highest education level completed

Less than a primary school education 179 (21.8%)

Primary school completed (8 to 11) 417 (50.9%)

Secondary school completed 244 (27.3%)

Currently enrolled in school 351 (42.6%)

Household economic status

Lowest 294 (35.6%)

Middle 239 (29.0%)

Highest 292 (35.4%)

Marital status

Single 547 (66.3%)

Married 222 (26.9%)

Separated/Divorced/Widowed 55 (6.7%)

Sexually active in past six months 796 (96.5%)

PrEP interest

Not all interested 99 (12.7%)

Somewhat interested 168 (21.5%)

Very interested 515 (65.9%)

Perceived lifetime HIV risk

No chance 504 (61.1%)

Small chance 122 (14.8%)

High chance 149 (18.1%)

Do not know 49 (5.9%)

HIV risk

Risk count score

Risk factor count 2 [1 to 3] (range: 0 to 8)

High risk (≥3 risk factors of 9) 351 (42.6%)

Risk factors

Age 20+ 491 (56.6%)

Separated, divorced, or widowed 55 (6.7%)

≥2 partners in past year 178 (22.4%)

STI symptoms (past six months)

Ulcerative symptoms 55 (6.7%)

Discharge symptoms 72 (8.8%)

Transactional sex 162 (18.8%)

≥1 partner suspected concurrent 390 (47.3%)

≥1 partner ≥5 years older than

participant

227 (29.4%)

Ever pregnant 357 (43.3%)
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quarter (27%) had completed secondary school. The majority
of participants (66%) were single. Nearly all participants
reported being sexually active in the past six months (97%).
The median number of HIV risk factors reported was 2.

43% met the “high-risk” cutoff of ≥3 risk factors. Most partici-
pants (61%) perceived no lifetime risk of HIV infection, while
15% and 18% perceived a small or high risk respectively. The

majority (66%) were very interested in PrEP while 22% were
somewhat interested, and 13% reported no interest.

3.2 | Epidemiologic HIV risk and PrEP interest

The number of reported risk factors was associated with PrEP
interest (Table 2); each additional risk factor was associated

Table 2. Associations between HIV risk factors, perceived HIV risk, and PrEP interest

Risk factors (ref = first)

PrEP interest (“very”) Perceived “high” HIV risk

n (%)a aOR (95% CI) n (%)a aOR (95% CI)

Perceived HIV risk

No chance 295 (61.8%) – – –

Small chance 83 (69.2%) 1.46 (0.95, 2.24) – –

High chance 111 (78.2%) 2.60 (1.68, 4.04)** – –

Epidemiologic HIV risk

Risk factor count – 1.13 (1.03, 1.24)** – 1.28 (1.15, 1.42)***

Low/moderate risk (<3 risk factors) 297 (63.1%) 1.24 (0.92, 1.68) 58 (12.3%) 2.33 (1.60, 3.38)***

High risk (≥3 risk factors) 238 (67.8%) 91 (25.7%)

HIV risk indicators

Age 15 to 19 246 (74.1%) 0.65 (0.48, 0.89)** 60 (17.8%) 1.37 (0.94, 2.00)

Age 20+ 269 (59.8%) 89 (20.4%)

Not separated, divorced, or widowed 497 (64.6%) 1.24 (0.68, 2.27) 135 (17.5%) 1.32 (0.70, 2.53)

Separated, divorced, or widowed 38 (69.1%) 14 (25.5%)

<2 partners in past year 369 (62.7%) 1.87 (1.27, 2.75)** 104 (17.7%) 1.50 (1.00, 2.27)

≥2 partners in past year 127 (76.1%) 43 (26.5%)

STI symptoms (past six months)

No ulcerative symptoms 475 (65.0%) 1.46 (0.78, 2.75) 136 (18.8%) 1.39 (0.72, 2.70)

Ulcerative symptoms 40 (78.4%) 13 (25.5%)

No discharge symptoms 462 (65.3%) 1.14 (0.67, 1.92) 126 (17.9%) 1.97 (1.13, 3.42)*

Discharge symptoms 49 (71.0%) 21 (31.3%)

No transactional sex 397 (62.7%) 2.24 (1.46, 3.44)** 117 (18.6%) 1.15 (0.73, 1.80)

Transactional sex 115 (78.8%) 32 (22.5%)

No partner suspected concurrent 266 (61.2%) 1.42 (1.06, 1.90)* 49 (11.3%) 2.72 (1.86, 3.98)***

≥1 partner suspected concurrent 269 (69.0%) 100 (25.6%)

No partner ≥5 years older than participant 416 (64.0%) 1.58 (1.13, 2.21)** 122 (18.9%) 1.55 (1.06, 2.27)*

≥1 partner ≥5 years older than participant 94 (77.1%) 26 (21.7%)

Never pregnant 292 (67.4%) 0.99 (0.73, 1.35) 62 (14.1%) 1.73 (1.18, 2.54)**

Ever pregnant 222 (63.8%) 86 (25.8%)

aORs adjusted for household economic status and education; aOR reference group is the first value listed in each row.
a

Row percent reflecting proportion of respondents for each response category reporting being “very” interest in pre-exposure prophylaxis (PrEP)
(column 1), or a “high” perceived HIV risk (column 2).
*p<0.05;
**p<0.01;
***p<0.0001.
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with 13% higher odds of being “very” interested in PrEP
(aOR = 1.13; 95% CI: 1.03, 1.24). Slightly more AGYW
reporting ≥3 risk factors (“high risk”) were very interested in
PrEP, but this relationship was not statistically significant
(Table 2). Four of the nine risk factors were associated with
being very interested in PrEP in the expected direction: ≥2
partners, transactional sex, known/suspected partner concur-
rency, ≥1 partner ≥5 years older. Unexpectedly, women
20 years and older had lower odds of PrEP interest than
those younger than 20 years. The other risk factors were not
associated with PrEP interest.

3.3 | Perceived HIV risk and PrEP interest

Both level of perceived risk and reporting “high” perceived
HIV risk were associated with PrEP interest (Table 2). AGYW
reporting high perceived risk had over twice the odds of being
very interested in PrEP (aOR = 2.60; 95% CI: 1.68, 4.04) as
those reporting lower perceived risk. PrEP interest was high
among all perceived risk levels: 62% among women reporting
no perceived risk, 69% among those with low perceived risk,
and 78% among those with high perceived risk.

3.4 | Mediation by perceived HIV risk: Indirect
effect and direct effects

The indirect effect of epidemiologic HIV risk on PrEP interest
through the mediator of perceived HIV risk was significant for
both the binary indicator of high HIV risk and HIV risk score
(Table 3; respective aORs: 1.14 95% CI: 1.05, 1.24; 1.04 95%CI:
1.01, 1.06). Perceived HIV risk explained 19% of the relationship
between high epidemiologic risk and PrEP interest, and 25% of
the relationship between HIV risk score and PrEP interest.

3.5 | Operationalized pre-initiation PrEP cascade

Many more high-risk AGYW were interested in PrEP than
perceived themselves to be at high risk (Figure 2); of the 351
high-risk participants, only 26% perceived high HIV risk, while
68% were very interested in PrEP. Of the 91 high-risk partici-
pants who also had high perceived HIV risk, 78% were very
interested in PrEP (striped bar).

4 | DISCUSSION

In summary, nearly half of AGYW reported risk factors placing
them at high epidemiologic HIV risk. The majority expressed
interest in PrEP, and epidemiologic risk was moderately associ-
ated with this interest. Only 26% of high-risk participants
reported high perceived risk, but nevertheless were more likely
to perceive high risk than their lower-risk counterparts. Per-
ceived risk explained a quarter of the relationship between HIV
risk and PrEP interest, suggesting that there may be other mech-
anisms motivating higher-risk AGYW’s interest in PrEP.

4.1 | HIV risk and PrEP interest

The majority of AGYW were very interested in PrEP, and this
interest was moderately associated with higher HIV risk
scores. Risk indicators most closely associated with PrEP
interest included behavioural and partner factors which
AGYW might recognize from HIV-prevention education (e.g.
partner concurrency, age disparate relationships). Approxi-
mately two-thirds of both high-risk and lower-risk women
were very interested in PrEP. This generally high level of PrEP
interest has been found in other populations of AGYW and
older women in South Africa [31-33] and Kenya [34].
Although these findings represent hypothetical interest, they
suggest that demand for PrEP among AGYW may not be well
aligned with epidemiologic HIV risk. Because of currently lim-
ited resources for PrEP in many settings, demand for PrEP
according to HIV risk should be monitored to assess the need
to better target PrEP delivery to women at greatest risk [35].

4.2 | HIV risk and perceived risk

Although women with higher epidemiologic risk were more
likely to report high perceived risk, 74% of those with high-risk
scores did not have high perceived risk. These results echo

Figure 1. Mediation hypothesis and paths. PrEP, pre-exposure pro-
phylaxis

Figure 2. Operationalized pre-initiation PrEP cascade.
aProportion of high-risk participants (n = 351) reporting being very
interested in PrEP. bProportion of high-risk participants with high per-
ceived HIV risk (n = 91) reporting being very interested in PrEP. PrEP,
pre-exposure prophylaxis

Table 3. Mediation results: indirect, direct and total effects of

HIV risk on PrEP interest via perceived risk

aOR (95% CI)

X = high HIV risk X = HIV risk score

Indirect effect 1.14 (1.05, 1.24) 1.04 (1.01, 1.06)

Direct effect 1.19 (1.05, 1.24) 1.10 (1.00, 1.20)

Total effect 1.24 (0.92, 1.68) 1.13 (1.03, 1.23)

Proportion mediated 19.2% 25.2%

aORs adjusted for household economic status and education. PrEP,
pre-exposure prophylaxis; CI, confidence interval.
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findings from FEM-PrEP that half of women sero-converting
while taking PrEP had reported no perceived chance of HIV
acquisition. This was attributed by the investigators to overes-
timation of protective behaviours and protective reasoning
(e.g. minimizing perceived risk, cognitive avoidance) [36].

4.3 | Perceived risk as a motivating mechanism

The mediation results indicated that perceived risk partially
explained the relationship between epidemiologic risk and
PrEP interest, thus there is reason to infer that perceived risk
may be a motivating mechanism for PrEP interest in higher-
risk women. Future randomized studies should seek to under-
stand if interventions promoting accurate risk perception could
promote PrEP initiation [23]. Yet, perceived risk explained only
a quarter of the relationship between risk scores and PrEP
interest, indicating that there may be other unobserved moti-
vators. Qualitative studies should seek to understand addi-
tional factors motivating AGYW’s PrEP interest beyond
perceived risk. While some cascades include additional poten-
tial motivators, including attitudes towards the prevention
method, social norms [18], and risk/benefit perceptions [19],
more work is needed to understand the primary motivating
mechanisms for PrEP initiation, to identify unified motivation
indicators to inform and evaluate prevention programmes [14].
More research is needed to understand why many women

who perceive no lifetime HIV risk would be very interested in
PrEP. Previous evidence suggests that AGYW’s PrEP decision-
making can be driven by emotion and motivated reasoning
about partner risk [37]. Our qualitative work with the study
population suggests that fear of unplanned or uncontrollable
risk factors including condom use errors, suspected/feared
partner concurrency, and fear of rape were motivators for
PrEP interest [38]. These factors could be seen as sources of
HIV risk yet unlikely or hypothetical and therefore may not
necessarily impute to a high perceived HIV risk while still
serving to motivate interest in PrEP. Building a better under-
standing of these motivations will be important for the devel-
opment and consolidation of PrEP-specific and other HIV
prevention cascades [15-16,19]. Inclusion of cascade indica-
tors reflecting a more robust understanding motivators for
interest in PrEP and other HIV prevention technologies will
encourage activities to target the most important precursors
to PrEP uptake and prevention-effective use [14].

4.4 | The cascade framework and PrEP

Unlike HIV treatment cascades, our operationalized pre-initia-
tion PrEP cascade (Figure 2) was non-linear: many more
AGYW with high risk scores were interested in PrEP than
perceived themselves to be at high risk. There have been simi-
lar findings in men who have sex with men [39,40]. This find-
ing could be partially attributed to the fact that
acknowledging interest in PrEP may present a lower “thresh-
old” with regard to social desirability than acknowledging HIV
risk behaviours or perceptions of HIV risk. This highlights a
potential weakness of the cascade framework in defining pro-
gress towards PrEP initiation in high-risk individuals. While
each bar in an HIV treatment cascade is generally a subset of
the previous one, this may not be the case for PrEP. This
potential characteristic could make setting 90-90-90 type

targets for PrEP difficult, as the denominator for each step
may be difficult to define.
Our results highlight one further question about the applica-

tion of the cascade framework for PrEP. Over 60% of partici-
pants with low/moderate-risk scores were very interest in
PrEP, and 12% of women with these scores reported high per-
ceived risk. Should these women be excluded from the PrEP
“target population” as defined by cascades? Women may be
reticent to report risk behaviours [41,42], or may fear risks
that could not be reported as current, known risk factors, as
those assessed in most common risk indices (as in our qualita-
tive work [38]). Future studies should seek to understand the
potential implications of more expansive definitions of the tar-
get population and PrEP eligibility criteria based on perceived
risk and expressed PrEP interest. This evidence is needed to
inform policy discussions to determine the potential societal
costs and benefits of offering PrEP to those who may be highly
motivated to use it but are not at highest assessable risk.
Future studies should also seek to understand the downstream
effects of HIV risk perception and other potential motivators
of PrEP use on retention in care and adherence, as qualitative
evidence suggests that low perceived risk and insufficient
motivation for PrEP use may be related to the low levels of
adherence among women in PrEP demonstration trials [43-47].

5 | LIMITATIONS

The results of this study should be interpreted with key limi-
tations in mind. First, participants’ reports of PrEP interest,
sexual behaviours and perceptions of risk were likely suscepti-
ble to social desirability bias. To mitigate this issue, partici-
pants were assured that their responses were confidential
and that there were no right or wrong answers. We also used
the highest threshold (“very”) for PrEP interest to increase
the theoretical specificity of this indicator. Second, few partici-
pants had previous knowledge of PrEP and PrEP was not
available in the study setting at measurement, thus their
reported interest in PrEP was hypothetical and based on lim-
ited consideration. Third, perceived HIV risk was measured
with a single item, and thus may not capture all dimensions of
perceived risk. Fourth, due to low cell counts for the associa-
tions between STI symptoms and PrEP interest, and between
being separated/divorced/widowed and PrEP interest, tests
may have been underpowered. Fifth, causal interpretations of
all measures of association presented should be made with
caution as they represent cross-sectional associations; qualita-
tive studies are needed to better understand the causality of
the relationships studied. Finally, sexually active AGYW were
purposively recruited for participation from urban and periur-
ban settings in Lilongwe. The findings of this study are primar-
ily generalizeable to sexually active AGYW living in similar
urban and periurban settings in the region.

6 | CONCLUSIONS

Our results bring to light relationships between epidemiologic
risk, risk perception and PrEP interest and indicate directions
for future research to inform effective HIV prevention pro-
grammes. A better understanding of mechanisms motivating
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PrEP interest beyond perceived risk is needed to inform deliv-
ery of PrEP among AGYW in high burden settings. Our results
suggest that early demand for PrEP may not be well aligned
with epidemiologic risk in this population; more research is
needed to understand the implications of expanding or retain-
ing current target population and PrEP eligibility definitions
which may exclude many interested and motivated potential
users not meeting a cutoff for epidemiologic risk.
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Abstract
Introduction: Men who have sex with men (MSM) and transgender women (TGW) are two key populations (KPs) in Thailand
at high risk for HIV. Uptake and scale-up of pre-exposure prophylaxis (PrEP) among them has been slow. We used data from
Princess PrEP, Thailand’s largest KP-led PrEP programme, to operationalize PrEP service cascades. We identified gaps and
pointed out where additional data are needed to inform a larger HIV prevention cascade.
Methods: Numbers of people tested for HIV, tested HIV negative, eligible for PrEP (defined as any of the following in the
past three months: condomless sex with partners of unknown/uncertain HIV status or antiretroviral treatment or viral load
status, multiple partners, engaging in sex work, sexually transmitted infections, injecting drugs, using amphetamine-type stimu-
lants, or repeated use of post-exposure prophylaxis), offered PrEP and accepted PrEP during January to November 2019 were
retrieved from Princess PrEP database to inform PrEP service cascades for MSM and TGW. Reasons for not accepting PrEP
were documented.
Results: Of 6287 MSM who received HIV testing in Princess PrEP, 92.3% were HIV negative and 70.2% of them were eligible
for PrEP. PrEP was offered to 94.7% of those eligible and 48.0% of those offered accepted it. Among 900 TGW who had HIV
testing, 95.3% tested HIV negative and 64.8% of them met PrEP eligibility criteria. Of these, 95.0% were offered PrEP and
43.9% of them accepted it. Among MSM and TGW who met PrEP eligibility criteria, no or low-HIV-risk perception was the
most common reason provided (46.7% of 2007 MSM and 41.9% of 296 TGW) for not accepting PrEP.
Conclusions: PrEP service cascades from the Princess PrEP programme identified no or low-risk perception as key barrier to
PrEP acceptance among MSM and TGW who met PrEP eligibility criteria. More implementation research studies are needed
to explore PrEP motivation and access in larger communities outside of clinical services. This is to identify gaps and strategies
to address them within motivation, access and effective use domains of the HIV prevention cascade.

Keywords: HIV prevention; pre-exposure prophylaxis; Thailand; men who have sex with men; transgender women; prevention
cascade
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1 | INTRODUCTION

Pre-exposure prophylaxis (PrEP) is extremely effective in
reducing HIV acquisition and has resulted in dramatic
decreases in new HIV infections when implemented as part of
a combination prevention strategy [1,2]. However, PrEP can
only be effective if it is used by those who can benefit from it,
and if they use it correctly. For this, demand for PrEP needs to
be generated, PrEP needs to be accessible by priority popula-
tions, and PrEP use needs to be effective. The HIV prevention
cascade, proposed by Schaefer et al., is a framework that starts

with identifying priority population that could benefit from
using an HIV prevention method and consists of these three
key domains: motivation for using this HIV prevention method,
access to the method and effective use [3]. This cascade allows
implementers to identify gaps in biomedical, behavioural and
structural aspects of an HIV prevention method, plan interven-
tions to close those gaps and monitor the interventions.
Key population (KPs) at high risk of HIV in Thailand include

men who have sex with men (MSM), transgender women
(TGW), people who inject drugs (PWID) and female sex work-
ers (FSW). MSM and TGW account for more than half of new
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HIV infections annually, with HIV prevalence ranging from
17.7% to 28.6% among MSM and 8.8% among TGW in differ-
ent urban centres [4-6]. HIV prevention and treatment inter-
ventions targeting these KPs are imperative to ending AIDS in
Thailand.
As Thailand has included PrEP as part of Universal Health

Coverage since October 2019 [7,8], it has aimed to track the
progress and guide the monitoring and evaluation of PrEP
scale-up using the framework of the HIV prevention cascade.
Here, we utilized data from the Princess PrEP programme –
the largest PrEP programme in Thailand [9] – to operational-
ize PrEP service cascades for MSM and TGW. We explored
gaps identified in these PrEP service cascades, including rea-
sons for not accepting PrEP when offered, among MSM and
TGW. We also pointed out where additional data is needed to
inform a larger HIV prevention cascade [3]. We hypothesized
that there would be gaps identified in PrEP service cascades
for MSM and TGW, especially around PrEP uptake and reten-
tion. Understanding reasons why MSM and TGW did not
accept PrEP when it was offered could guide how PrEP mes-
saging should be reframed. In addition, innovative ways of
data collection might be needed to gain more insight about
PrEP retention and its effective use.

2 | METHODS

2.1 | Programme setting

The Princess PrEP programme is the largest PrEP programme
in Thailand. It is part of the Key Populations-Led Health Ser-
vices (KPLHS) model, through which trained lay providers,
who themselves are members of the KPs they are serving,
provide HIV services in community-based organizations
(CBOs) [10]. HIV clinical services under KPLHS included
point-of-care HIV and sexually transmitted infections (STIs)
testing, PrEP and post-exposure prophylaxis (PEP) dispensing,
antiretroviral treatment (ART) service linkages and ART dis-
pensing for stable cases and case management support. A
service package was designed by KP communities and co-
delivered by KP lay providers, in close collaboration with
public health sectors. For example TGW designed a service
package which integrated gender affirming care with sexual
health service to ensure that common health concerns priori-
tized by TGW were addressed.
The KPLHS model, including the Princess PrEP programme,

is supported through the President’s Emergency Plan for AIDS
Relief (PEPFAR) under the US Agency for International Devel-
opment (USAID) LINKAGES Project, whereas the PrEP medi-
cation itself is provided through the Thai Red Cross Princess
Soamsawali HIV Prevention Fund. Through Princess PrEP, KP
lay providers have been successfully dispensing free same-day
PrEP since January 2016, contributing to 55% of Thai PrEP
users [11]. The programme is currently implemented in six
provinces, including Bangkok, Chonburi, Chiang Mai, Chiang
Rai, Songkhla and Ubonratchathani, which have high HIV
prevalence and incidence among KPs in Thailand [12]. This
analysis focused on PrEP services delivered to MSM and
TGW between January and November 2019. Routinely col-
lected and de-identified service data were used. The pro-
gramme was implemented under a protocol approved by the
Institutional Review Board of the Faculty of Medicine,

Chulalongkorn University, which waived the need for informed
consent from clients to ensure confidentiality and avoid
unnecessary disclosure of self-identity [13].

2.2 | Data collection for PrEP service cascade

Although the programme started delivering PrEP services to
KPs and collecting service data in 2016, data collection to
inform PrEP service cascade started in January 2019. Data
collection was adjusted at this point to be able to collect num-
ber of people tested for HIV, tested HIV negative, eligible for
PrEP, offered PrEP and accepted PrEP. Counsellors during a
counselling session recorded the data through an electronic
case record form. All measures were self-reported by the cli-
ent. Routine data quality assurance and improvement was con-
ducted to ensure completeness of data.
Clients who tested HIV negative at any of the CBOs where

Princess PrEP was implemented, were assessed for PrEP eligi-
bility defining as any of the following in the previous three
months: condomless sex with unknown HIV status partner(s),
condomless sex with HIV-positive partner(s) not on ART or on
ART with uncertain viral load status or unknown ART status,
having multiple partners, engaging in sex work, symptoms or
diagnosis of STIs, injecting drugs, using amphetamine-type
stimulants (ATS), or repeated use of PEP. Eligible clients were
offered PrEP by trained counsellors during the post-test coun-
selling session. PrEP use, safety and efficacy were explained,
and clients were asked if they were interested in taking PrEP.
Acceptance of PrEP was documented. Those who did not
accept PrEP were asked for their reasons by the counsellors.
The counsellors then recorded the reasons by selecting them
from the list of common reasons in the electronic case record
form, which also provided free space to document reasons not
included on the list.
Effective use at months 1 and 3 was defined as retention in

care at months 1 and 3, as well as self-reported good adher-
ence during those visits (i.e. at least 4 tablets per week or
correct use of on-demand PrEP for MSM and 7 tablets per
week for TGW due to indications that use of feminizing hor-
mone therapy was associated with decreased tenofovir plasma
and rectal tissue concentrations) [14,15].

2.3 | Statistical analyses

Statistical analyses were performed using Statistics and Data
Science (STATA) version 15.1. Demographic data and cascade
data were assessed using descriptive statistics as mean, stan-
dard deviation, median, interquartile range (IQR) and propor-
tion. T-test and median test were used for comparison of
continuous variables with normal and non-normal distribution
respectively. Chi-squared test was used to compare categori-
cal variables.

3 | RESULTS

3.1 | Men who have sex with men

3.1.1 | PrEP service cascade

Between 1 January and 30 November 2019, a total of 6287
MSM received HIV testing at one of the sites where Princess
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PrEP was implemented. Of these, 5806 (92.3%) were HIV
negative, of whom 4078 (70.2%) were eligible for PrEP based
on the above mentioned criteria. Of these, 3863 (94.7%) were
offered PrEP, of whom 1856 (48.0%) accepted PrEP (Fig-
ure 1). On-demand PrEP was chosen at initiation by 4% of
MSM. Among those who retained in PrEP service at month 1
(822, 44.3%) and month 3 (457, 24.6%), 99.6% and 99.6%
reported effective PrEP use respectively.
When disaggregated by age, MSM younger than 25 years

old had lower acceptance of PrEP compared to MSM aged
25 years or older (36.0% vs. 56.7%), and showed lower reten-
tion at month 1 (31.5% vs. 50.2%) and month 3 (15.1% vs.
29.0%) (Figure 1).

3.1.2 | Focusing on PrEP acceptance

Among 1856 MSM who accepted PrEP, median (IQR) age was
28 (23-33) years (Table 1). Reported risks in the past three
months included having multiple partners in 48.7%, condom-
less sex with unknown HIV status partner(s) in 48.6%, engag-
ing in sex work in 3.6% and using ATS in 3.5%.
Among 2007 MSM not accepting PrEP, 938 (46.7%) per-

ceived no or low risk, 385 (19.2%) did not want to take pills,
147 (7.3%) wanted to start at a later visit, 142 (7.1%) felt
condom use was enough to prevent HIV, 102 (5.1%) could
not come back for follow-up visit, 55 (2.7%) were not inter-
ested and 53 (2.6%) were afraid of side effects (Table 2).

3.2 | Transgender women

3.2.1 | PrEP service cascade

A total of 900 TGW received HIV testing between 1 January
and 30 November 2019. Of these, 858 (95.3%) were HIV
negative, of whom 556 (64.8%) met PrEP eligibility criteria. Of
these, 528 (95.0%) were offered PrEP, of whom 232 (43.9%)

accepted PrEP (Figure 2). Among those who retained in PrEP
service at month 1 (80, 34.5%) and month 3 (43, 18.5%),
98.8% and 100% reported effective PrEP use respectively.
TGW younger than 25 years old had lower acceptance of

PrEP compared to those aged 25 years or older (12.5% vs.
48.9%), but showed higher retention at month 1 (83.9% vs.
39.4%) and similar retention at month 3 (22.6% vs. 26.3%)
(Figure 2).

3.2.2 | Focusing on PrEP acceptance

Of 232 TGW who accepted PrEP, median (IQR) age was 26
(23 – 30) years (Table 1). Reported risks in the past three
months included having multiple partners in 45.7%, condom-
less sex with unknown HIV status partner(s) in 40.1% and
engaging in sex work in 24.6%.
Among 296 TGW not accepting PrEP, 124 (41.9%) per-

ceived no or low risk, 68 (23.0%) did not want to take pills,
15 (5.1%) wanted to start at a later visit, 24 (8.1%) felt con-
dom use was enough for HIV prevention, 17 (5.7%) could not
come back for follow-up visit, nine (3.0%) were afraid of side
effects and two (0.7%) were not interested (Table 2).

4 | DISCUSSION

We used year 2019 data from the Princess PrEP programme,
which is the largest PrEP programme in Thailand, to demon-
strate and explore gaps in PrEP service cascades for MSM
and TGW. Around two-thirds of MSM and TGW in our pro-
gramme were eligible for PrEP based on risk eligibility criteria
recommended in the National Guidelines [16]. An impressive
95% of both MSM and TGW who met PrEP eligibility criteria
were offered PrEP, pointing to high level of PrEP service
adoption among KP lay providers. However, just less than half
of MSM and TGW who were offered PrEP accepted it.

Figure 1. PrEP service cascade for men who have sex with men in the Princess PrEP programme, overall and by age group.
PrEP eligibility criteria: Any of the following in the previous three months: condomless sex with unknown HIV status partner(s), condomless sex
with HIV-positive partner(s) not on antiretroviral treatment (ART) or on ART with uncertain viral load status or unknown ART status, having multi-
ple partners, engaging in sex work, symptoms or diagnosis of STIs, injecting drugs, using amphetamine-type stimulants (ATS), or repeated use of
post-exposure prophylaxis (PEP). PrEP, pre-exposure prophylaxis; MSM, men who have sex with men; M1, month 1 visit; M3, month 3 visit.
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Retention in PrEP service was low in both MSM and TGW
although almost 100% of those who retained reported effec-
tive PrEP use.
We explored further the PrEP acceptance gap and found

that almost half of MSM and TGW who met PrEP eligibility
criteria perceived themselves as having no or low risk for HIV
acquisition. Reframing of messaging around PrEP could signifi-
cantly impact PrEP uptake. Whereas loss-framing messages
(i.e. emphasizing risks) effectively reaches people who perceive
themselves to be at risk, gain-framing messaging (i.e.

emphasizing health) is more effective in reaching those who
do not have this risk perception [17]. Focusing PrEP messag-
ing around risk reduction rather than protection, pleasure or
sexual health might miss or even distance those populations
that would benefit most from PrEP [18]. In addition, we also
found that PrEP acceptance among young MSM and TGW
was lower than those among their older peers. PrEP messag-
ing may need to be tailored to young KPs as they can often
face particular HIV risks due to lower knowledge or lower
ability to mitigate those risks [19].
By June 2019, Princess PrEP programme in six provinces

accounted for 55% of PrEP users in Thailand, followed by
26% in the PrEP-15 programme which is a fee-based, KP-
friendly, PrEP service at the largest HIV testing centre in
Bangkok and 19% from the government-led PrEP service in
25 provinces [11,20]. PrEP is available for free through the
Princess PrEP programme and the government-led service,
using the same eligibility criteria. High PrEP uptake through
KP-led CBOs led the Thai Government to announce the legal
endorsement of the roles of KP lay providers in ending AIDS
in June 2019. This legal endorsement has allowed HIV clinical
services, including PrEP, to be provided by KP lay providers in
close collaboration with healthcare providers [21].
We have previously shown that retention in the Princess

PrEP programme was lower among TGW compared to MSM,
among those younger than 25 years of age, and those with
completed education less than bachelor’s degree [9]. Alterna-
tive methods of adherence and retention support are needed
to tailor interventions to the needs of the clients, including
but not limited to mobile health technologies [22]. However,
reasons for not retaining in PrEP service should be further
explored to assess whether clients not returning for follow-up
visits are still at risk while off PrEP, or if they are simply not
at risk anymore. Use of PrEP can be flexible to match periods
of different HIV risk, and while PrEP needs to be taken to be
effective against HIV acquisition while someone is at risk, it
does not need to be used when someone is not at risk [23].

Table 2. Reasons for not accepting PrEP when offered among

men who have sex with men and transgender women in the

Princess PrEP programme

Primary reason given for

not accepting PrEP

Men who have sex

with men (n = 2007)

Transgender

women

(n = 296)

Perceived no or low risk

No risk 864 (43.0%) 111 (37.5%)

Low risk 74 (3.7%) 13 (4.4%)

Did not want to take pills 385 (19.2%) 68 (23.0%)

Wanted to start PrEP at

a later visit

147 (7.3%) 15 (5.1%)

Felt condom use was

enough for HIV

prevention

142 (7.1%) 24 (8.1%)

Could not come back for

follow-up visit

102 (5.1%) 17 (5.7%)

Not interested 55 (2.7%) 2 (0.7%)

Afraid of side effects 53 (2.6%) 9 (3.0%)

Others 185 (9.2%) 37 (12.5%)

PrEP, pre-exposure prophylaxis.

Figure 2. PrEP service cascade for transgender women in Princess PrEP programme, overall and by age group.
PrEP eligibility criteria: Any of the following in the previous three months: condomless sex with unknown HIV status partner(s), condomless sex
with HIV-positive partner(s) not on antiretroviral treatment (ART) or on ART with uncertain viral load status or unknown ART status, having multi-
ple partners, engaging in sex work, symptoms or diagnosis of STIs, injecting drugs, using amphetamine-type stimulants (ATS), or repeated use of
post-exposure prophylaxis (PEP). PrEP, pre-exposure prophylaxis; TGW, transgender women; M1, month 1 visit; M3, month 3 visit.
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This study has some limitations. Our data were limited to
MSM and TGW in six provinces and might not be applicable
to other KPs, such as FSW or PWID, or other geographical
regions within Thailand. We used self-report of PrEP adher-
ence which can overestimate the actual use of PrEP. There-
fore, effective use of PrEP might be lower than what we
reported here [24]. Other measures, including risk behaviours,
were also self-reported which could be biased due to social
desirability. We observed that 5% of eligible MSM and TGW
were not offered PrEP. However, we did not systematically
collect reasons to inform this service gap. In addition, our
PrEP service cascades seemed to provide limited data to
inform a larger HIV prevention cascade as we did not study
PrEP motivation of MSM and TGW who did not access ser-
vices at community-based clinics nor the level of access to
services among these populations if motivated. According to
the HIV prevention cascade, implementers are encouraged to
identify gaps in the motivation, access and effective use of an
HIV prevention method, plan interventions to close those gaps
and monitor the interventions [3]. Ideally, after data on these
aspects are applied to the cascade, the proportion of the pri-
ority population that is effectively covered by an HIV preven-
tion method can be calculated, which can be used for the
monitoring and evaluation of the programme.
Identifying individuals at risk that could benefit from using

an HIV prevention method is the first step in operationalizing
the HIV prevention cascade. A recent PrEP targets estimation
exercise in Thailand revealed an estimated number of Thai
people at substantial risk of HIV infection at 148,487 (73,058
– 239,152) in 2020 [25]. Current number of PrEP users in
Thailand was reported to be 13,000 – 14,000 or just around
10% of the estimated target [26]. Demand for PrEP, which
reflects motivation to use it, is one of the defining factors for
the success of PrEP programmes. In the United Kingdom,
demand for PrEP has resulted in increased availability of PrEP
services, whereas in Australia, demand has secured commit-
ment from policy makers [27,28]. This level of PrEP demand
from potential users has not been evident in Thailand. Future
implementation research should therefore be prioritized to
study PrEP motivation and access in larger KP communities
outside of clinical services.

5 | CONCLUSIONS

PrEP service cascades from the Princess PrEP programme
identified no or low-risk perception as key barrier to PrEP
acceptance among both MSM and TGW who met PrEP eligi-
bility criteria. More implementation research studies are
needed to explore PrEP motivation and service access in
order to identify gaps and potential strategies to address
them within a larger HIV prevention cascade. Definitions of
retention and effective use of PrEP need to be further opti-
mized as we gradually understand more the nature of PrEP
use among various populations. As Thailand is rolling out and
scaling up PrEP as part of its Universal Health Coverage, bet-
ter data to be applied to the motivation, access and effective
use domains of the HIV prevention cascade will allow us to
efficiently plan and track progress of PrEP implementation.
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Abstract
Introduction: Couples’ voluntary HIV counselling and testing (CVCT) is a high-impact HIV prevention intervention in Rwanda
and Zambia. Our objective was to model the cost-per-HIV infection averted by CVCT in six African countries guided by an
HIV prevention cascade framework. The HIV prevention cascade as yet to be applied to evaluating CVCT effectiveness or
cost-effectiveness.
Methods: We defined a priority population for CVCT in Africa as heterosexual adults in stable couples. Based on our previous
experience nationalizing CVCT in Rwanda and scaling-up CVCT in 73 clinics in Zambia, we estimated HIV prevention cascade
domains of motivation for use, access and effectiveness of CVCT as model parameters. Costs-per-couple tested were also esti-
mated based on our previous studies. We used these parameters as well as country-specific inputs to model the impact of
CVCT over a five-year time horizon in a previously developed and tested deterministic compartmental model. We consider six
countries across Africa with varied HIV epidemics (South Africa, Zimbabwe, Kenya, Tanzania, Ivory Coast and Sierra Leone).
Outcomes of interest were the proportion of HIV infections averted by CVCT, nationwide CVCT implementation costs and
costs-per-HIV infection averted by CVCT. We applied 3%/year discounting to costs and outcomes. Univariate and Monte Carlo
multivariate sensitivity analyses were conducted.
Results: We estimated that CVCT could avert between 54% (Sierra Leone) and 62% (South Africa) of adult HIV infections.
Average costs-per-HIV infection averted were lowest in Zimbabwe ($550) and highest in South Africa ($1272). Nationwide
implementations would cost between 7% (Kenya) and 21% (Ivory Coast) of a country’s President’s Emergency Plan for AIDS
Relief (PEPFAR) budget over five years. In sensitivity analyses, model outputs were most sensitive to estimates of cost-per-
couple tested; the proportion of adults in heterosexual couples and HIV prevention cascade domains of CVCT motivation and
access.
Conclusions: Our model indicates that nationalized CVCT could prevent over half of adult HIV infections for 7% to 21% of
the modelled countries’ five-year PEPFAR budgets. While other studies have indicated that CVCT motivation is high given
locally relevant promotional and educational efforts, without required indicators, targets and dedicated budgets, access
remains low.

Keywords: Africa; cost-effectiveness; costs and cost analysis; couples; HIV; HIV prevention cascade; prevention and control
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1 | INTRODUCTION

Incident HIV infections in sub-Saharan Africa have fallen 13%
over recent years due to global prevention efforts [1]. How-
ever, this decline in new infections is slowing, gaps in the
scale-up of treatment and prevention services persist, and
flatlined funds are not projected to meet 2030 Sustainable
Development Goals [1,2]. Now more than ever, maximizing
the value of limited funding is critical, and evaluating the cost-
effectiveness of HIV prevention and treatment strategies is

essential for improved resource allocation [1,3]. The HIV pre-
vention cascade, which evaluates domains of intervention
motivation for use, access and effectiveness among a priority
population, provides a useful framework to evaluate and advo-
cate for prevention interventions [4] and has been used to
evaluate interventions such as pre-exposure prophylaxis
(PrEP), voluntary medical male circumcision (VMMC) and pre-
vention of mother-to-child transmission (PMTCT) [5-8].
The HIV prevention cascade has yet to be described or

evaluated for couples’ voluntary HIV counselling and testing
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(CVCT), an evidence-based intervention in which couples
receive joint pre-test counselling, testing and post-test coun-
selling with counsellor-facilitated serostatus disclosure [9,10].
CVCT decreases sexual and perinatal HIV incidence [11-16]
by educating and placing joint responsibility on the dyad to
increase uptake of condoms, VMMC, family planning,
antiretroviral therapy (ART) and PMTCT [13-15,17]. The prior-
ity population for CVCT is stable couples. With the exception
of South Africa, most African adults are in cohabiting sexual
unions [18], and the majority of HIV transmissions in sub-
Saharan Africa occur in heterosexual HIV discordant or con-
cordant HIV-negative couples [19]. Despite World Health
Organization (WHO) [9] and the US Centers for Disease Con-
trol and Prevention (CDC) [10] CVCT recommendations, only
a small percentage of African adults have been tested with
partners.
Building on our technical support for the nationalization of

CVCT in antenatal clinics (ANC) in Rwanda, where >80% of
couples are now tested [20], we recently reported the cost-ef-
fectiveness of a CVCT demonstration project serving 207,428
Zambian couples in 73 government clinics [21]. Receiving
CVCT was associated with a 79% reduction in seroincidence
among discordant couples using ART, 63% among discordant
couples not using ART and 47% among concordant-negative
couples. The cost-per-HIV infection averted (CHIA) for CVCT
was $659. We then built and validated a deterministic com-
partmental model which incorporated key domains from the
HIV prevention cascade framework and reported the CHIA
for nationalizing CVCT in Zambia ($394 CHIA) [21].
In the present analysis, we adapt this model to estimate the

proportion of adult HIV infections averted, total costs and
CHIA for nationalizing CVCT in six countries across sub-Saha-
ran Africa.

2 | METHODS

2.1 | Ethics approval

This retrospective costing and modelling study used de-identi-
fied data from the publicly available sources cited. The Institu-
tional Research Board at Emory University waived informed
consent requirements.

2.2 | Deterministic compartmental model

Our CVCT CHIA model details are published [21]. In sum-
mary, a deterministic compartmental model with one-year
time steps based on a series of differential equations was
developed in Excel which allows heterosexual adult couples
who are either concordant HIV-negative or discordant, and on
ART or off ART, to transition between states of HIV status
and/or ART use over time. Our previous model structure [21]
has been adapted here to incorporate HIV prevention cascade
domains of motivation and access, which the previous model
did not include.
Our model uses HIV seroincidence rates in uncounselled

(“pre-CVCT”) serodiscordant and concordant-negative couples
(which is assumed to be a function of all current prevention
programmes taking place in country) and applies the esti-
mated effectiveness of CVCT among couples depending on
their joint HIV serostatus and ART use. These effectiveness

estimates are applied each year, and couples move from con-
cordant negative to discordant and from discordant to concor-
dant positive accordingly. Estimated “pre-CVCT” ART use and
ART initiation in the year following CVCT are also model
parameters, with an additional proportion of HIV-positive indi-
viduals taking up ART each year. Estimated costs-per-couple
tested are based on our programmatic experience. The model
outputs HIV infections averted by CVCT (by subtracting the
cumulative infections that are projected to occur post-CVCT
from those occurring pre-CVCT), total incremental financial
costs to implement CVCT and incremental CHIA by CVCT
[21]. As evidence suggests that the HIV prevention impact of
CVCT is sustainable for at least five years [22-25], we chose
a five-year time horizon.
In the model, we conceptualize the expansion of CVCT in

four phases: initiation, expansion, maturation and maintenance
which are described in more detail below. These phases are
defined by a changing set of estimated values for the HIV pre-
vention cascade domains of motivation and access among the
priority population for CVCT (Figure 1) and cost-per-couple
tested.
Using this model, we previously estimated the cost-effec-

tiveness of nationalizing CVCT in Zambia by applying the
actual financial expenditures and CVCT effectiveness
observed when scaling-up services in 73 government clinics in
Lusaka, Copperbelt and Southern Provinces which reached
207,428 couples. We conducted sensitivity analyses to evalu-
ate the effect of possible differential loss to follow-up, infor-
mative censoring using inverse probability of censoring
weighting [26,27], and inverse probability of treatment
weighting to evaluate the possibility of confounding when
using observational data to estimate intervention effects. We
found that our model was robust in these sensitivity analyses
[21]. Additionally, to internally validate the model, we used
logical testing by varying transition probabilities and setting
costs and outcomes to 0 separately, which resulted in logical
expected values.

2.3 | Base-case model parameters applied to all
countries

Base-case estimates for CVCT HIV prevention impact were
derived from our CVCT implementation in 73 Zambian gov-
ernment clinics [21] (Table 1). Briefly, from September 2010
to March 2016, CVCT services were implemented including
joint pre-test counselling; rapid HIV testing; joint post-test
counselling; provision of condoms and referrals as needed for
ART, VMMC and family planning. History of prior HIV testing
and self-reported ART use were documented. HIV antibody-
negative individuals had repeat tests one month after CVCT.
Discordant couples returned for quarterly retesting and coun-
selling, and concordant HIV-negative couples returned for
annual retesting and counselling [28]. Promotions utilized
influential community health workers and mass media [28,29].
During the implementation, the impact of CVCT was

assessed over longitudinal follow-up. HIV seroincidence rates
for discordant and concordant HIV-negative couples were cal-
culated as incident infections divided by HIV-negative person-
years (PY) of follow-up, stratified by whether couples had
(“post-CVCT”) or had not (“pre-CVCT”) received CVCT. As
shown in Table 1, in concordant-negative couples, we
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observed a 47% reduction in HIV seroincidence pre-CVCT
(1.1/100PY) versus post-CVCT (0.6/100PY). In serodiscordant
couples in which the HIV+ partner was not on ART, we
observed a 63% reduction in incidence (13.0/100PY pre-
CVCT versus 4.8/100PY post-CVCT). Finally, in serodiscordant
couples in which the HIV+ partner was on ART, we observed
a 79% reduction in incidence (8.5/100PY pre-CVCT versus
1.8/100PY post-CVCT) [21]. We also use the increase in ART
uptake reported in the previously published manuscript (38%
of non-users initiated ART after CVCT with 5%/year additional
uptake thereafter) [21]. Self-reported ART initiation is not
assumed to imply adherence/suppressive ART.
Base-case estimates for cost-per-couple tested, motivation

for CVCT, and access to CVCT were derived from both the

Zambian implementation study described and our years of
experience supporting nationalization of CVCT in Rwanda
[20,21]. We derived incremental financial costs from the
donor’s perspective from a primary costing study of actual
expenditures to implement CVCT in government clinics follow-
ing Global Heath Cost Consortium guidance [30]. Cost data
were reported by activity were recorded by study staff during
programme implementation and entered in AccPac (Sage
Group). Based on our experiences in Rwanda and Zambia
[20,21], motivation for CVCT, and access to CVCT varied over
time and are used to define implementation phases as shown
in Table 1: initiation phase (advocacy, training and promotions
to motivate 20% of couples, 50% of whom have CVCT
access); expansion phase (continued advocacy and training,
increased community and politico-administrative involvement,
CVCT certification for a majority of providers and active pro-
motions to motivate 38% of couples, 56% of whom have
CVCT access); maturation phase (an established programme
with CVCT integrated into existing services including ANC,
individual HIV counselling and testing, ART, VMMC and family
planning services and 66% of couples are motivated, 60% of
whom have CVCT access); and finally the maintenance phase
(for hard-to-reach residual and new couples where only 15%
are motivated, of whom 70% have CVCT access). Thus, 80%
of couples are assumed to be reached with testing, as seen in
Rwandan ANC [20].

2.4 | Country-specific parameters

South Africa, Zimbabwe, Kenya, Tanzania, Ivory Coast and
Sierra Leone have diverse HIV epidemics and published data
available for the model inputs (Table 2). Country-specific model
parameters include: (1) proportion of adults in cohabiting
heterosexual couples, (2) couple HIV serostatus distribution,
(3) ART use, (4) HIV seroincidence in uncounselled (pre- CVCT)
concordant-negative couples, (5) HIV seroincidence in uncoun-
selled discordant couples not on ART, (6) HIV seroincidence in
uncounselled discordant couples on ART and (7) estimated
cost-per-couple tested. Published estimates of HIV seroinci-
dence in uncounselled concordant-negative couples [31-34]
and uncounselled discordant non-ART using couples [31-35]
are limited to Eastern Africa. Given limited data for Southern
African countries, model inputs 4, 5 and 6 (Table 2) were esti-
mated from Zambia data [21]. As no published data are

Figure 1. Generic HIV prevention cascade for CVCT. CVCT, couples’ voluntary HIV counselling and testing.

Table 1. Base-case model parameters applied to all countries

Value and source

CVCT effective use (HIV prevention impact)

Among concordant HIV-

negative couples

47% [21]

Among discordant couples

not on ART

63% [21]

Among discordant couples

on ART

79% [21]

ART use

Immediate increase in

uptake after CVCT

38% [21]

Additional uptake per year 5% [21]

CVCT motivation among the priority population

Initiation phase 20% of couples [20,21]

Expansion phase 38% of couples [20,21]

Maturation phase 66% of couples [20,21]

Maintenance phase 15% of couples [20,21]

CVCT access among those motivated

Initiation phase 50% of motivated couples [20,21]

Expansion Phase 56% of motivated couples [20,21]

Maturation phase 60% of motivated couples [20,21]

Maintenance phase 70% of motivated couples [20,21]

ART, antiretroviral treatment; CVCT, couples’ voluntary HIV coun-
selling and testing; USD, United States Dollar.
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available for HIV seroincidence in uncounselled ART-using dis-
cordant couples in Eastern and Western Africa, we used 5/
100PY reflecting the broadly lower incidence in Eastern/Wes-
tern versus Southern Africa [36]. Finally, since the primary cost
driver for CVCT is salaries for counselling, testing and promo-
tions [20,21], we derived a conversion factor using country-
specific nurse salaries (USD 2015) applied to cost-per-couple
tested estimates calculated from our Zambian implementation
($75 initiation phase, $50 expansion phase, $25 maturation
phase, $30 maintenance phase [21]) to generate cost-per-cou-
ple tested estimates for each country.

2.5 | Base-case analyses

The estimated proportion of adult HIV infections averted,
total CVCT implementation costs, CHIA and proportion of
President’s Emergency Plan for AIDS Relief (PEPFAR) budgets
required for nationwide implementation in each selected coun-
try are outcomes of interest. These are presented alongside
per capita gross domestic products (GDPs) for context. All
outcomes and costs were discounted at 3%/year as recom-
mended by the US Public Health Service Task Force [41]. We
adhered to Consolidated Health Economic Evaluation Report-
ing Standards [42] for cost-effectiveness analyses.

2.6 | One-way and probabilistic sensitivity analyses

We conducted one-way sensitivity analyses for all model
inputs by varying each parameter �20%. Inputs which most
influenced model outputs are reported. Because key model
parameters of cost-per-couple tested and CVCT effectiveness
were derived from just two countries, we also conducted
probabilistic Monte Carlo simulation multivariate sensitivity
analyses for each parameter of interest (�50% of base-case
estimates using a uniform distribution) with 1000 draws in
Excel. Average outcomes and standard deviations from simu-
lated results are reported. A uniform distribution was chosen
to fix a functional form on the parameter estimates and to

reflect a large degree of uncertainty around the selected
parameters.

3 | RESULTS

The total cost for nationwide CVCT implementation and
cumulative infections averted are also shown in Table 3. Esti-
mated average CHIA ranged from $1272 in South Africa to
$550 in Zimbabwe. Our model estimated that CVCT could
prevent between 54% and 62% of HIV infections. The propor-
tion of the 2018 PEPFAR budget required for CVCT national-
ization over five years ranged from 7% in Kenya to 21% in
Ivory Coast. For context, per capita GDP for each country is
shown.
Figure 2 presents country-specific CHIA estimates by

implementation phase. During the initiation phase, the CHIA
ranged from $2503 in South Africa to $1080 in Zimbabwe.
During the expansion phase, the CHIA ranged from $720 to
$1672. During the maturation phase, the CHIA ranged from
$360 to $831. Finally, during the maintenance phase, the
CHIA ranged from $437 to $1005.

3.1 | Sensitivity analyses

One-way sensitivity (Table 4 presents representative findings
from South Africa) analyses indicated our model was relatively
robust to parameter assumptions, with resulting CHIA still rel-
atively low compared to other HIV prevention interventions
(discussed below). Our model was most sensitive to the costs-
per-couple tested (varying input parameters by �20%
resulted in total CVCT costs which were �20% different from
base-case). Our model was also sensitive to varying the pro-
portion of adults in heterosexual couples (a higher proportion
of adults in heterosexual couples lead to a proportional
increase in HIV infections averted and total CVCT costs). Sim-
ilarly, our model was sensitive to the proportion of couples
motivated for and with access to CVCT (with increasing

Table 3. Proportion of adult infections averted, overall CHIA and total cost for CVCT in six African countries (primary base-case

analyses)

Southern Africa

Total cost of

CVCT

Cumulative HIV

infections

averted

Average

CHIAa

Proportion of

infections

averted, %

2018

PEPFAR

Budget [43]

Cost of CVCT as % of

PEPFAR budget for five

years, %

Per

capita

GDP

South Africa $532,704,861 418,855 $1272 62 $575,258,390 19 $13,054

Zimbabwe $67,053,208 121,984 $550 58 $145,546,200 9 $2,224

East-Central Africa

Kenya $176,419,535 231,312 $763 57 $505,480,000 7 $3,384

Tanzania $219,582,392 219,486 $1000 56 $512,422,250 9 $3,094

Western Africa

Ivory Coast $145,955,594 119,508 $1221 57 $140,508,601 21 $3,771

Sierra Leone $33,113,126 34,803 $951 54 Unknown – $1,547

No PEPFAR budget reported for Sierra Leone. Per capita GDP (2017 estimates in 2015 USD): https://www.cia.gov/library/publications/the-world-
factbook/rankorder/2004rank.html. CHIA, cost per HIV infection averted; CVCT, Couples’ HIV voluntary counselling and testing; PEPFAR: Presi-
dent’s Emergency Plan for AIDS Relief.
a

Weighted average across all implementation phases.
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motivation and access was associated with proportional
changes in increased infections averted and costs).
Additionally, our model was relatively sensitive (with results

varying roughly �10% relative to base-case) to the proportion
of concordant negative and discordant couples in the popula-
tion (with higher proportions of at-risk couples leading to
increased infections averted and therefore lower CHIAs).
A higher pre-CVCT seroincidence rate in concordant-nega-

tive couples and higher CVCT effectiveness in concordant-
negative couples both increased HIV infections averted.
Finally, increasing CVCT effectiveness in ART using discordant
couples by �20% varied total infections averted by roughly
�10% (with higher prevention impact leading to increased
infections averted and improved cost-effectiveness).
Examining the country-specific parameters specifically, dif-

ferences in model outcomes across countries are influenced
by differences in seroincidence rates pre-CVCT (with higher
uncounselled seroincidence rates being associated with
higher numbers of infections averted and improved cost-ef-
fectiveness) and the proportion of couples who were discor-
dant (with higher discordancy associated with higher
numbers of infections averted and improved cost-effective-
ness).
Probabilistic multivariate sensitivity analyses (Table 5) also

highlighted that total CVCT costs were sensitive to
cost-per-couple tested, with coefficients of variation of 15% to
16%. Our model was less susceptible to variation in CVCT
impact, with coefficients of variation of 10% to 12%.

4 | DISCUSSION

Our model estimated that CVCT could prevent over half of
adult HIV infections for 7% to 21% of selected countries’ five-

year PEPFAR budgets. Applying an HIV prevention cascade
framework [5] is helpful to evaluate CVCT. In the countries
under study, the priority population for CVCT, stable couples,
comprises 35% to 62% of the adult population. Key barriers
and solutions related to this priority population’s motivation to
use CVCT, CVCT access and effective use are summarized in
Table 6 and discussed in detail below.

4.1 | Motivation

Sensitivity analyses indicated countries with a higher propor-
tion of heterosexual couples motivated to uptake CVCT pre-
vented more infections. Motivation for CVCT has been high
across studies in diverse populations including heterosexual
couples in Mozambique [44,45], Tanzania [46,47], South Africa
[48,49], Uganda [50], Thailand [51], Iran [52] and men who
have sex with men (MSM) in South Africa [53] and the US
[54,55]. Although promising, these are relatively small-scale
efforts: knowledge of CVCT remains low in many settings and
education and demand creation are essential to increase
broad motivation [28-29,56]. Key barriers to motivation
include lack of community knowledge of HIV serodiscordance
and HIV risk. For example we found that only 30% of couples
seeking CVCT in Durban knew about serodiscordance [49].
Other barriers to motivation include opportunity costs, men’s
inability to attend regular clinic hours, limited knowledge that
CVCT services exist, and concerns about consequences like
relationship dissolution [28-29,56,57].
Reports highlight successful strategies to overcome these

barriers and increase motivation including use transport reim-
bursement [57]; nonmonetary incentives in Zambia [58] and
rural Zimbabwe [59]; invitations plus facilitated contact tracing
to support partner attendance in Malawi [60]; male-focused
interactive sessions with testimonies from ‘expert couples’

Figure 2. Modelled cost-per-HIV infection averted by phase of CVCT implementation in six sub-Saharan African countries. CVCT, couples’
HIV voluntary counselling and testing.
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Table 4. Parameters and results of one-way sensitivity analyses: Illustrative example of South Africa

Sensitivity analysis parameters Infections averted % changea Total cost of CVCT % changea CHIA % changea

Discount rate

2% 3% 5% 2%

4% �3% �5% �2%

Cost/couple tested (by implementation phase)

$183; $122; $61; $74 0% �20% �20%

$274; $184; $91; $110 0% 20% 20%

Proportion adults in heterosexual couples

28% �20% �20% 0%

42% 20% 20% 0%

Proportion couples motivated for CVCT (by implementation phase)

40%; 40%; 53%; 12% �20% �20% 0%

60%; 60%; 79%; 18% 20% 20% 0%

Proportion couples with access to CVCT (by implementation phase)

16%; 32%; 48%; 56% �20% �20% 0%

24%; 48%; 72%; 84% 20% 20% 0%

Proportion concordant negative

56% �9% 0% 10%

84% 10% 0% �9%

Proportion discordant

13% �9% 0% 10%

19% 11% 0% �10%

HIV seroincidence rates before CVCT (per 100 PY)

Among concordant HIV-negative couples

0.80 �9% 0% 10%

1.20 9% 0% �8%

Among ART using HIV discordant couples

6.40 �6% 0% 6%

9.60 6% 0% �6%

Among non- ART using HIV discordant couples

10.40 �4% 0% 4%

15.60 4% 0% �4%

CVCT prevention impact

Among concordant HIV-negative couples

38% �7% 0% 8%

56% 7% 0% �7%

Among ART using HIV discordant couples

63% �10% 0% 11%

95% 11% 0% �10%

Among non-ART using HIV discordant couples

50% �2% 0% 2%

76% 2% 0% �2%

ART use

Among HIV-positive adults before CVCT

50% 2% 0% �2%

74% �3% 0% 3%

Among HIV-positive adults after CVCT

61% �1% 0% 1%

92% 1% 0% �1%

Proportion initiating ART each year after CVCT

4% 0% 0% 0%

6% 0% 0% 0%

ART, antiretroviral treatment; CHIA, cost-per-HIV infection averted; CVCT, couples’ voluntary HIV counselling and testing; PY, person-years.
a

% Change relative to base-case primary analyses.

Wall KM et al. Journal of the International AIDS Society 2020, 23(S3):e25522
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25522/full | https://doi.org/10.1002/jia2.25522

61

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25522/full
https://doi.org/10.1002/jia2.25522


who received CVCT in rural Uganda [50]; and CVCT invita-
tions and promotions delivered by influential community lead-
ers and via mass media in Zambia and Rwanda [28-29,56].
Additionally, the desire to keep one’s partners safe from trans-
mission is a motivating factor for ART and PrEP use [61,62],
and “undetectable = untransmittable” messaging may reduce
stigma and motivate couples to uptake CVCT and ART to
achieve viral suppression [63]. Finally, messaging should
emphasize that outcomes of intimate partner violence (IPV),
relationship dissolution or emotional distress are rare and
CVCT typically strengthens relationships [16-17,54,60,64,65].
To broadly increase CVCT motivation, budgets for training,
demand creation and incentives (all included in our modelled
CVCT costs) will be required.

4.2 | Access

Sensitivity analyses indicated that countries with a higher pro-
portion of heterosexual couples with CVCT access will pre-
vent more infections at a higher cost. The PEPFAR 2020
Country Operation Plan [43] highlights family HIV testing and
emphasizes that HIV prevention among pregnant, postpartum
and breastfeeding women should include “couples-based ser-
vices to promote scaled-up testing and treatment of male
partners.” However, as CVCT is not broadly offered as stan-
dard of care in the selected countries, nor it is a required indi-
cator for reporting [66], access remains low across Africa. As

with most interventions, a main barrier to access is the cost
of wide-spread implementation. As expected, higher costs-per-
couple tested increase total CVCT costs. Economies of scale
are incorporated into estimated cost-per-couple tested (over
time, costs to test couples decrease, with the exception of the
final “hard-to-reach” couples).
Our experience in Zambia reflected the initiation and

expansion phases [21]. Government clinic staff were paid dur-
ing their off-duty hours. Unfortunately, the amount of funding
available was insufficient to maintain momentum. In contrast,
Rwanda succeeded in increasing access and nationalizing
CVCT in ANC between 2008 and 2013 (after which CVCT
become a social norm and demand creation was no longer
needed) [20]. Based on the estimated impact of CVCT in
Rwanda from observational epidemiological studies [11,23,24],
the Rwandan government health insurance and performance-
based financing plans now reimburse the costs of CVCT, and
additional funding for off-duty staff is no longer required.
Reaching Rwanda’s success will require investment. As many
demonstration projects correspond to the more expensive ini-
tiation phase, implementers may fail to see that continuous
investment is necessary to achieve social diffusion, incorporate
CVCT into daily clinical practice and adapt data recording and
reporting tools to achieve sustained access [57].
In addition to clinic-based CVCT, mobile testing in Rwanda

[29]; home-based couples’ testing in Tanzania [67], Kenya [68]
and Malawi [69]; and self-testing to increase CVCT in Kenya

Table 5. Probabilistic sensitivity analysis results

Varying costs-per-couple tested by �50% (uniform distribution) of the base-case estimatesa

Southern Africa Total cost of CVCT SD CV Average CHIA SD CV

South Africa 527,493,591 80,271,276 15% $1280 $198 15%

Zimbabwe 67,478,299 9,792,498 15% $466 $73 16%

East-Central Africa

Kenya 175,560,051 28,074,065 16% $765 $116 15%

Tanzania 219,184,615 33,759,017 15% $997 $158 16%

Western Africa

Ivory Coast 145,820,457 22,312,561 15% $1217 $191 16%

Sierra Leone 33,384,147 4,850,786 15% $953 $145 15%

Varying CVCT impacts by �50% (uniform distribution) of the base-case estimatesb

Southern Africa Cumulative HIV infections averted SD CV Average CHIA SD CV

South Africa 420,653 45,818 11% $1304 $146 11%

Zimbabwe 116,862 14,257 12% $570 $68 12%

East-Central Africa

Kenya 232,821 25,860 11% $788 $86 11%

Tanzania 220,013 25,895 12% $1043 $120 12%

Western Africa

Ivory Coast 118,752 12,769 11% $1269 $131 10%

Sierra Leone 34,876 4091 12% $998 $120 12%

CHIA, cost per HIV infection averted; CV, coefficient of variation is the standard deviation divided by the mean estimate; CVCT, couples voluntary
HIV counselling and testing; SD, standard deviation.
a

No impact on cumulative HIV infections averted;
b

no impact on total cost of CVCT.
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[70] have been studied. An improved understanding of differ-
ences in CVCT access and costs (as well as motivation) for
different modalities is warranted.

4.3 | Effective use

CVCT decreases sexual and perinatal HIV incidence [11-16]
by educating and placing joint responsibility on the dyad to
increase uptake of condoms, VMMC, family planning, ART and
PMTCT [13-15,17]. CVCT effectiveness must be monitored to
understand facilitators and barriers to achieving reductions in
HIV incidence. Our previous analyses found factors associated
with inconsistent condom use, non-ART initiation or continued
outside partner risk in discordant couples post-CVCT included
alcohol use and fertility intentions [71]. To improve effective
use of CVCT for all couples, targeted safe conception or alco-
hol counselling may be warranted. Importantly, as seen in sen-
sitivity analyses, a higher prevention impact in concordant-
negative couples increased CVCT cost-effectiveness. It has
been argued that CVCT may have a sizable impact on the epi-
demic through HIV prevention in concordant-negative couples
(via reduction in outside relationship risk) since they comprise
the majority of the population [72,73].
For the smaller though higher-risk population of discordant

couples, “Test-and-Treat” will continue to expand. Unfortu-
nately, many country’s HIV incidence rates have not decreased

as substantially as predicted in the test-and-treat era, and sev-
eral large cluster-randomized trials have failed to clearly
demonstrate the population-level prevention impact of univer-
sal test-and-treat policies [74]. Where CVCT increases ART
uptake and adherence in serodiscordant couples, it may bol-
ster the effectiveness of test-and-treat. Additionally, to
achieve the PEPFAR 2020 priority of PrEP for discordant cou-
ples [43], CVCT can effectively identify discordant couple can-
didates. Although PrEP is not currently available in most
countries outside of relatively small demonstration and
research projects, CVCT counselling can be updated to
include PrEP as it becomes available.
Finally, an improved understanding of the effectiveness of

CVCT in home-based settings, mobile-testing and via self-test-
ing is needed with regular monitoring and evaluation of these
delivery platforms. With self-testing in particular, how well
couples disclose, understand their respective results and
adopt appropriate risk reduction without facilitated joint post-
test counselling merits further investigation [75-78].

4.4 | Comparative cost-effectiveness

We found CVCT CHIA estimates to be similar to interventions
largely considered cost-effective including individual voluntary
HIV counselling and testing (estimated in a previous systematic
review of studies in sub-Saharan Africa at $1315 [79] and $483

Table 6. CVCT HIV prevention cascade domains with key barriers and solutions

Motivation Access Effective use

Reasons for gap

Lack of knowledge and low risk perception Lack of availability or easy access

in government facilities

Inconsistent condom use,

continued outside partner risk

Lack of ART uptakeLack of men’s ability to attend regular clinic hours, opportunity costs Lack of trained government

providers

Concerns about CVCT consequences Perceived cost/affordability Non-linkage to ART programmes

Evidence-based ways to close the gap

Interventions

Incentives/transport reimbursement

Partner tracing, male-focused sessions, ’expert couple’ and influential

community leader promotions

Informational messaging highlighting partner safety, U = U, and

addressing common concerns

Convenient service delivery hours

and platforms

Provider training and

reimbursement (possibly during

off-hours)

Ongoing condom and

behavioural counselling,

targeted safe conception and

alcohol counselling

Integration with ART (for

treatment and prevention)

programmes

Platforms to deliver interventions

Clinics, community health workers, influential peers and mass media Clinic-based services, mobile

testing, home-based testing,

self-testing

Clinic-based services, mobile

testing, home-based testing,

self-testing

Policies to support interventions

Budgets for training messaging, demand creation and incentives Budgets, required reporting

indicators and targets for

CVCT

Budgets for integrated services,

ongoing M&E

Training and reimbursement of

providers

ART, antiretroviral treatment; CVCT, couples voluntary HIV counselling and testing; M&E, monitoring and evaluation.
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for an individual and couples testing intervention in Kenya
[79,80]) and family planning for PMTCT via prevention of unin-
tended pregnancy ($663) [79]. A recent systematic review of 60
studies from African countries reported median CHIA estimates
for VMMC ($2965), ART for PMTCT ($1144), treatment-as-
prevention interventions ($7903) and PrEP ($13,267) [81].

4.5 | Limitations

As in all models, we attempt to simplify a complex reality, and
outputs are dependent on assumptions. Extensive sensitivity
analyses quantify the impact of these assumptions. Our model
seeks to isolate the impact of CVCT on HIV infections averted
given constant pre-CVCT and post-CVCT HIV incidence. We
do not attempt to predict the course of the epidemic in the
selected countries over time by considering myriad other pre-
vention or treatment interventions. More detailed models iso-
lating the prevention impact of CVCT attributable to condom
use, VMMC uptake, improved ART uptake and adherence,
and/or reductions in concurrent relationships are warranted.
While deterministic compartmental models are well-suited to
examine average characteristics in a population and are thus
appropriate for our goal, they do not evaluate individual-level
effects as do agent-based models. Finally, while some studies
of HIV prevention interventions translate infections averted
into disability-adjusted life-years averted or quality-adjusted
life-years gained, a recent systematic review did not find stan-
dard conversions applicable across country settings [81].
While such cost-utility estimates are often applied to deter-
mine if an intervention is cost-effective [82], this threshold is
often questioned by experts since it does not consider inter-
vention affordability [83,84]. While cost-utility analyses are
useful for comparing interventions with different natural units,
given dedicated HIV prevention budgets and the common use
of CHIA estimates in other studies [81], we feel that CHIA is
a more useful comparative measure.

5 | CONCLUSIONS

Our model indicated that nationalized CVCT could prevent
over half of adult HIV infections for 7% to 21% of the mod-
elled countries’ five-year PEPFAR budgets. Unfortunately,
WHO CVCT guidelines have yet to be broadly implemented.
While studies indicate that CVCT motivation is high given
locally relevant promotional and educational efforts, access
remains low without dedicated budgets or required indicators.
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Abstract
Introduction: HIV prevention cascades have been systematically evaluated in high-income countries, but steps in the pre-
exposure prophylaxis (PrEP) service delivery cascade have not been systematically quantified in sub-Saharan Africa. We
analysed missed opportunities in the PrEP cascade in a large-scale project serving female sex workers (FSW), men who have
sex with men (MSM) and adolescent girls and young women (AGYW) in Kenya.
Methods: Programmatic surveillance was conducted using routine programme data from 89 project-supported sites from
February 2017 to December 2019, and complemented by qualitative data. Healthcare providers used nationally approved
tools to document service statistics. The analyses examined proportions of people moving onto the next step in the PrEP con-
tinuum, and identified missed opportunities. Missed opportunities were defined as implementation gaps exemplified by the pro-
portion of individuals who could have potentially accessed each step of the PrEP cascade and did not. We also assessed
trends in the cascade indicators at monthly intervals. Qualitative data were collected through 28 focus group discussions with
241 FSW, MSM, AGYW and healthcare providers, and analysed thematically to identify reasons underpinning the missed
opportunities.
Results: During the study period, 299,798 individuals tested HIV negative (211,927 FSW, 47,533 MSM and 40,338 AGYW).
Missed opportunities in screening for PrEP eligibility was 58% for FSW, 45% for MSM and 78% for AGYW. Of those
screened, 28% FSW, 25% MSM and 65% AGYW were ineligible. Missed opportunities for PrEP initiation were lower among
AGYW (8%) compared to FSW (72%) and MSM (75%). Continuation rates were low across all populations at Month-1 (ranging
from 29% to 32%) and Month-3 (6% to 8%). Improvements in average annual Month-1 (from 26% to 41%) and Month-3 (from
4% to 15%) continuation rates were observed between 2017 and 2019. While initiation rates were better among younger
FSW, MSM and AGYW (<30 years), the reverse was true for continuation.
Conclusions: The application of a PrEP cascade framework facilitated this large-scale oral PrEP programme to conduct granu-
lar programmatic analysis, detecting “leaks” in the cascade. These informed programme adjustments to mitigate identified gaps
resulting in improvement of selected programmatic outcomes. PrEP programmes are encouraged to introduce the cascade
analysis framework into new and existing programming to optimize HIV prevention outcomes.
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1 | INTRODUCTION

Despite the strides made in fighting the HIV epidemic, globally
an estimated 1.7 million people still acquire HIV infection
annually [1]. Kenya has the fifth largest HIV epidemic in the
world. By 2018, an estimated 1.3 million adults were living
with HIV, with an estimated 36,000 new adult HIV infections
annually [2]. In the last decade, HIV incidence in the general
population in Kenya has stabilized or fallen, but key popula-
tions, including female sex workers (FSW), men who have sex
with men (MSM) and persons who inject drugs (PWID)

continue to experience a high burden of HIV and influence the
HIV transmission dynamics. FSW, MSM and PWID accounted
for 15% of new HIV infections in East and Southern Africa
(ESA) in 2018 [1]. Similarly, a third of all new HIV infections in
Kenya are attributed to FSW, MSM and PWID [3].
Globally, adolescent girls and young women (AGYW) aged

15 to 24 years are disproportionately affected by the HIV
epidemic and accounted for 60% of the estimated 510,000
new HIV infections within that age group in 2018 [1,4].
AGYW experience a higher vulnerability compared to their
male counterparts due to biological and socio-cultural factors,
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gender and power dynamics and economic disadvantage [4].
In sub-Saharan Africa (SSA), AGYW represent 10% of the pop-
ulation, but contribute one in every five new HIV infections
[5]. Furthermore, AGYW accounted for 26% of all new HIV
infections in Eastern and Southern Africa in 2018 [1]. AGYW
in Kenya were estimated to account for 28% of new HIV
infections among individuals 15 years and older in 2017 [6].
Kenya’s epidemic is geographically heterogeneous hence
majority of these new infections were concentrated in a few
counties with high HIV incidence in the general population [6].
Oral pre-exposure prophylaxis (PrEP) is being rolled out in

many SSA countries [7] following WHO’s 2015 recommenda-
tion [8]. Kenya issued guidelines in 2016 promoting oral PrEP
as part of a comprehensive package of HIV prevention ser-
vices, including condoms, voluntary medical male circumcision
(VMMC), treatment as prevention, stigma and violence pre-
vention, post-exposure prophylaxis, among others [9], and sub-
sequently launched national scale-up in 2017 [10]. To reach
FSW and MSM, Kenya’s national HIV programme provides
services mainly through community-led drop in centres (stand-
alone clinics that primarily provide HIV prevention, care and
treatment services to FSW and MSM) and peer outreach
[11-13]. Additionally, AGYW are served through public and
private health facilities that integrate sexual and reproductive
health (SRH) services. Since its adoption, PrEP is delivered for
FSW, MSM and AGYW through these integrated plat-
forms [10,14].
Cascades have been used extensively to quantify steps

[15,16] and identify gaps in service delivery, including for HIV
care and treatment services [17,18] as well as tuberculosis
[19]. HIV prevention cascades are now being proposed to
strengthen HIV prevention programmes, and a number of cas-
cades have been developed [20-23]. Available cascades have
been developed using routinely collected programme data
[22], population-based survey data [24], or a blend of the two
data sources [11].
In a PrEP cascade, quantifiable benchmarks are measured

as clients move through the process of receiving services,
from initial HIV testing, risk and clinical eligibility screening, to
PrEP initiation and continuation [25]. Measurement in a PrEP
cascade and interpretation of gaps is complicated by chal-
lenges related to the temporality and typology of individuals’
risk behaviours, that is despite being in a high HIV risk cate-
gory, not all people taking PrEP are continuously at substantial
risk and so may or may not fully progress through the cas-
cade, even if using PrEP effectively [26]. Furthermore, individ-
uals may switch to alternative HIV prevention interventions
hence a holistic cascade that incorporates complementary
prevention interventions is desirable [24]. Although PrEP
cascades have been operationalized in developed countries
[27-29], it is only recently that PrEP cascades are increasingly
emerging in SSA [24,30,31]. Furthermore, the majority are
derived using research data. To the best of our knowledge,
there are no published examples of PrEP cascades using rou-
tine programmatic data from the region.
This paper presents an analysis of programmatic surveil-

lance data from a large PrEP scale-up project for FSW, MSM
and AGYW in Kenya. The objectives of the study were as fol-
lows: to describe the programmatic application of an oral PrEP
cascade; to quantify progression across each step of the cas-
cade for FSW, MSM and AGYW beneficiaries of the project,

looking at differences between populations; and, to identify
missed opportunities and programme implications from trends
in each step.

2 | METHODS

This analysis was conducted using data collected from Febru-
ary 2017 to December 2019 in three geographical clusters
(Lake, Nairobi and Coast) in Kenya (Figure 1), in the context
of a large-scale routine service delivery project providing PrEP
to FSW, MSM and AGYW. The study design was a program-
matic surveillance approach [32] using routine service delivery
and qualitative data.

2.1 | Project description

Jilinde (Bridge to Scale) is a five-year project, which began in
July 2016, implemented in collaboration with the Ministry of
Health (MOH) of Kenya. Jilinde is scaling up oral PrEP
through integration into routine health services in drop-in cen-
tres (DICEs), public and private health facilities. The project,
implemented in 10 out of the 47 counties in Kenya, aimed to
enrol 15,500 FSW, 3300 MSM and 2000 AGYW on PrEP
(Figure 1). Project targets were set with the goal of enrolling
15% of all FSW and 33% of all MSM in nine out of the ten
counties of Kenya on PrEP based on national size estimates
[33], whereas AGYW targets were exploratory to establish
interest in PrEP uptake among AGYW, and only in one county
(Migori).
Individuals enter the PrEP pathway illustrated in Figure 2

through community mobilization mainly conducted by peer
educators trained by the project. Individuals who express
interest in PrEP are referred to the different facilities provid-
ing PrEP, where they undergo HIV testing services (HTS) fol-
lowing the national guidelines [34]. Upon confirmation of
negative HIV status, clients undergo a behavioural risk screen-
ing. Those who screen positive for substantial behavioural risk,
or who request PrEP, are referred to an onsite clinician who
conducts a clinical assessment and provides PrEP to clients
who are eligible and opt-in [10]. Typically, HTS, eligibility
screening and clinical assessment occur on the same day. Cli-
ents enrolled on PrEP are scheduled for a follow-up visit at
the same facility one month following initiation and monthly
thereafter, and are provided with the option to access adher-
ence support interventions including: short message service
(SMS) reminders; phone call reminders; PrEP support groups
and adherence buddies.

2.2 | Data sources and analysis

We used two main data sources; routine programmatic data
to operationalize the PrEP cascade, and qualitative data to
identify underlying reasons for the implementation gaps.

2.2.1 | Routine programmatic data

Data were collected from 89 sites (34 DICEs, 42 public health
facilities and 13 private health facilities) in the 10 counties
where the Jilinde project operates. The data were collected in
the context of routine service delivery, with standardized tools
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approved by the MOH. These include the national HTS regis-
ters (for first three steps of the cascade: tested for HIV,
tested HIV negative and screened for PrEP eligibility) and cli-
ent encounter forms (for last three steps of the cascade: initi-
ation on PrEP, attendance at Month-1 and Month-3 follow-up)
as summarized in Figure 2. Healthcare providers (HTS provi-
ders, clinical officers and nurses) provided HTS and PrEP and
recorded information in the HTS registers, which are

aggregated into a site-level monthly report. PrEP initiation
and follow-up data from the client encounter forms was moni-
tored longitudinally at the client level. Monthly data verifica-
tion and quarterly data quality audits were conducted to
ensure data quality.
The analyses for the cascade examines simple proportions

of people moving onto the next step in the PrEP continuum.
The starting point is the cumulative number of individuals

Figure 1. Geographical coverage and oral PrEP targets of the Jilinde Project in Kenya.
Source: Jilinde Project. PrEP, pre-exposure prophylaxis.

Figure 2. PrEP service delivery pathway in the Jilinde project – PrEP cascade incorporates steps 1 to 5.
Source: Jilinde Project. PrEP, pre-exposure prophylaxis.
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who underwent HIV testing. The first three steps of the cas-
cade are computed using aggregate data generated from
national HIV testing tools, which summarize the counts of indi-
viduals who progressed through the steps. The subsequent
steps (initiated PrEP, Month-1 and Month-3 follow-up) are
computed using client-level data that accounts for unique indi-
viduals. A PrEP refill within 37 and 97 days of scheduled
return at successful follow-up visit at one and three-month
post-start served as a proxy for continued PrEP use at Month-
1 and Month-3 respectively. The proportions for each step of
the cascade are computed using the number of individuals
reaching that step as the numerator, and the number who
reached the previous step in the cascade as a denominator.
The cascade indicators are defined as follows: Tested HIV

negative is the aggregate number of individuals whose HIV
test results were negative as a proportion of the cumulative
number of individuals who underwent an HIV test. Screened
is the proportion of individuals who underwent behavioural
risk screening among individuals whose HIV test results were
negative, whereas eligible is the proportion of individuals who
met eligibility criteria for PrEP among individuals screened.
Initiated PrEP is the number of individuals who were pre-
scribed and dispensed a 30 days’ supply of PrEP as a propor-
tion of the cumulative number of individuals who were eligible
for PrEP. Month-1 follow-up is the number of individuals who
had returned for a PrEP refill as a proportion of the number
of individuals who had completed 37 days’ post-PrEP initia-
tion. Month-3 follow-up is the number of individuals who had
returned for a PrEP refill as a proportion of the number of
individuals who had completed 97 days’ post-PrEP initiation.
“Missed opportunities,” were proportions of individuals who

could have potentially accessed each step in the PrEP contin-
uum who did not. Missed opportunities include individuals
who tested HIV negative and could have been screened, but
were not; those who were eligible for PrEP, but did not initi-
ate and those who initiated PrEP, but did not return on time
for their Month-1 and Month-3 follow-up visit. The identifica-
tion of missed opportunities and institution of programme
adjustments was implemented continuously throughout the
surveillance period. To detect changes in the indicators at vari-
ous points during the surveillance period, we compared the
proportions of the cascade indicators across different months
from February 2017 to December 2019.

2.2.2 | Qualitative data

Data were collected between October 2017 and May 2019
through 28 focus group discussions (FGDs). Participants
included 44 FSW, 59 MSM, 91 AGYW and 47 healthcare pro-
viders, who were purposively selected from project-supported
sites. FGDs were moderated by trained sex-matched qualita-
tive researchers in English, Kiswahili or local language (Dho-
luo) and conducted in privacy. FGDs were audio-recorded and
handwritten notes taken. The handwritten notes were typed
and audio files transcribed verbatim. The transcripts for FGDs
conducted in Kiswahili and Dholuo were translated to English.
Thematic analysis was conducted using Nvivo 11. Emergent
themes are summarized in Table 2.

2.3 | Ethical considerations

Ethical oversight was provided by the Kenya Medical
Research Institute (KEMRI) institutional review board (IRB)
and a non-research determination was obtained from the
Johns Hopkins Bloomberg School of Public Health IRB.

3 | RESULTS

3.1 | Overall PrEP cascade

Between February 2017 and December 2019, 316,928 HIV
tests were performed, of which 299,798 (95%) were HIV neg-
ative, though an unquantified level of repeat testing occurred.
From these testing activities, 123,480 HIV-negative individuals
were screened for PrEP, representing at least 41%, the exact
estimate dependent upon the extent of repeat testing, and
86,550 (70%) were eligible for PrEP (Figure 3A). Among
PrEP-eligible individuals, 25,542 (30%) consisting 17,794
(70%) FSW, 4,848 (19%) MSM and 2,900 (11%) AGYW, were
initiated on PrEP, exceeding the project targets for FSW and
MSM in Figure 1. Of these clients, 61% of FSW and 42% of
MSM were above 24 years, whereas 55% of AGYW were
between 20 and 24 years. Majority (81%) of clients initiated
PrEP through DICEs, whereas 14% and 5% were initiated
through public and private facilities respectively. Among initi-
ates 7,796 (31%) returned for their Month-1 follow-up, and
1,908 (8%) for their Month-3 follow-up visits (Figure 3A). Cas-
cades for the three population types are summarized in Fig-
ure 3B,C,D.

3.2 | Missed opportunities in the FSW, MSM and
AGYW PrEP cascades

AGYW had higher missed opportunities for screening (78%)
compared to FSW and MSM (Figure 4). There was a greater
proportion of FSW who were not screened compared to
MSM, 58% versus 45%. Among those screened, a substantially
higher proportion of AGYW (65%) were ineligible for PrEP
compared to 28% of FSW and 25% of MSM. Missed opportu-
nities for PrEP initiation were higher for FSW (72%) and
MSM (75%) compared to AGYW (8%). Majority of clients did
not persist on PrEP use at Month-1 (69% of FSW, 71% of
MSM and 68% of AGYW) and Month-3 (92% of FSW, 93% of
MSM and 94% of AGYW) follow-ups.

3.3 | Cascades for FSW, MSM and AGYW
disaggregated by age

When disaggregated by age, there were mixed variations in
the proportion of individuals screened for PrEP and those
found eligible for PrEP across the age groups for the three
population types as summarized in Table 1. The proportion of
individuals initiated on PrEP was highest among FSW and
MSM below 20 years and lowest among individuals older than
30 years. Month-1 and Month-3 follow-up rates were slightly
higher among older FSW and minimal variation was observed
for AGYW.
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3.4 | Trends in the PrEP cascade

There were month-by-month variations across all the cascade
indicators as summarized in Figure 5. The proportion of indi-
viduals reported to have tested HIV negative was lowest in

March to June 2017. Thereafter, the annual average propor-
tion of those testing HIV negative was 95% in 2017 and
remained at 98% in 2018 and 2019. However, an annual
decline in the proportion of individuals who were screened for
PrEP eligibility (from 67% in 2017, 44% in 2018 to 37% in

Figure 3. Overall Jilinde project (A) and population-specific (B, FSW; C, MSM; D, AGYW) PrEP cascades from February 2017 to December
2019.
*% denotes proportion of clients proceeding to the next step in the cascade. PrEP, pre-exposure prophylaxis.

Figure 4. Missed opportunities in the FSW (A), MSM (B) and AGYW (C) PrEP cascades, July 2017 to December 2019.
AGYW, adolescent girls and young women; FSW, female sex workers; MSM, men who have sex with men; PrEP, pre-exposure prophylaxis.

Were D et al. Journal of the International AIDS Society 2020, 23(S3):e25537
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25537/full | https://doi.org/10.1002/jia2.25537

71

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25537/full
https://doi.org/10.1002/jia2.25537


2019) was observed. The proportion of individuals eligible for
PrEP declined from an annual average of 77% in 2017, to
73% in 2018 and 68% in 2019. Additionally, those initiated on
PrEP declined from 47% in 2017, to 36% in 2018 and 22% in
2019. The annual average Month-1 follow-up rate increased
from 26% in 2017, to 27% in 2018 and 41% in 2019. Month-
3 follow-up rates increased from 4% in 2017, to 6% in 2018
and 15% in 2019.

3.5 | Contextual findings on missed opportunities
and programmatic adjustments

In addition to the population-specific missed opportunities
presented in Figure 4, contextual factors underpinning the
missed opportunities derived through qualitative research, and
specific programmatic adjustments made by Jilinde or by the
MOH are presented in Table 2.

4 | DISCUSSION

In this paper, we describe how the Jilinde project used PrEP
cascade analysis to describe coverage and identify missed

opportunities for oral PrEP among FSW, MSM and AGYW cli-
ents in routine settings where PrEP is integrated with other
HIV prevention services. The study affirms the feasibility of
constructing cascades using programmatic data complemented
by qualitative enquiry to understand where and why imple-
mentation gaps exist, which can guide programming changes.
From this study, the three main missed opportunities identi-
fied were screening for PrEP eligibility, PrEP initiation and fol-
low-up. These varied across the different steps in the
cascades, by age group, population type and during different
time periods.
PrEP is nascent in SSA and many countries are in the for-

mative stages of designing effective implementation
approaches [7]. In the absence of implementation evidence on
PrEP delivery at scale in SSA, HIV prevention programmes
integrating PrEP can use programmatic and implementation
research data to adapt and optimize implementation [35].
Countries can employ the cascade framework to facilitate crit-
ical programmatic analysis and institute necessary changes.
Furthermore, complementary data sources have potential to
generate in-depth explanations of the gaps, and suggest inter-
ventions needed to optimize implementation. The cascade
approach employed in this analysis is comparable to studies

Table 1. Cascade indicators for FSW, MSM and AGYW disaggregated by age groups (years)

FSW MSM AGYW

15 to 19 20 to 24 25 to 30 >30 15 to 19 20 to 24 25 to 30 >30 15 to 19 20 to 24

Tested HIV Negative, % 99 99 98 86 98 97 98 92 99 98

Screened, % 37 39 44 42 58 56 58 51 22 23

Eligible, % 74 75 73 70 75 76 74 75 36 34

Initiation, % 37 35 29 21 36 28 22 18 95 91

Month-1 follow-up, % 25 29 32 33 31 28 30 33 31 32

Month-3 follow-up, % 6 7 8 10 8 6 7 8 5 5

AGYW, adolescent girls and young women; FSW, female sex workers; MSM, men who have sex with men; PrEP, pre-exposure prophylaxis.

Figure 5. Trends in the Jilinde PrEP cascade indicators from February 2017 to December 2019.
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that have developed cascades for various HIV prevention
interventions such as PrEP, condoms and VMMC [21,23,31].
This study has established gaps in screening HIV-negative

individuals for PrEP eligibility, similar to other programmes
delivering PrEP [35,36]. Plausible explanations for the screen-
ing gaps for all populations, and especially AGYW, include pri-
oritization of HIV case finding and huge workload occasioned
by shortage of healthcare workers, which is consistent with
previous studies in Kenya and elsewhere [36-41]. Further-
more, the rapid scale-up of PrEP in Kenya may have con-
tributed to increased volume of HIV testing [14] reducing the
propensity for HTS providers to offer eligibility screening to
every HIV-negative client. Additionally, poor documentation
attributed to shifting MOH guidance on behavioural risk
screening tools and procedures may have contributed to the
screening gaps identified.
PrEP initiation among eligible individuals was consistently

low except for AGYW. The latter contrasts previous studies
which have reported low PrEP uptake among AGYW [42-44].
The high PrEP uptake among AGYW could be attributed to
targeted mobilization of potentially eligible AGYW through
peer educators, integration of PrEP with sexual and reproduc-
tive services and implementation of community delivery
models. This is congruent with existing literature which recom-
mends that PrEP should be integrated into comprehensive
programmes and delivery simplified to make it attractive to
AGYW [44,45]. The consistently low PrEP uptake among FSW
and MSM over the three-year period is consistent with stud-
ies globally, which report a high interest in PrEP, but low
uptake [46-48]. Similar to the findings from the qualitative
inquiry, studies have elucidated client-level and health system
barriers, and perceived negative experiences when accessing
or using PrEP as disincentives for PrEP uptake in numerous
settings [49-52]. Furthermore, FSW and MSM were likely to
be accessing alternative HIV prevention interventions, which
they might have preferred over PrEP. This is corroborated by
a study in Zimbabwe which elucidated that preference for
condoms impeded PrEP uptake [53], whereas FSW in Kenya
have reported high rates of condom use [11]. These findings
suggest that intensive demand creation is essential to normal-
ize PrEP and improve uptake as witnessed in the United
States [47].
Overall continuation rates in the Jilinde cascade were low,

compared to research studies and demonstration projects
[47,50,52,54]. There is a paucity of evidence on continuation
rates for FSW, MSM and AGYW from HIV prevention pro-
grammes that have scaled-up PrEP in SSA, and our findings
may provide a more accurate illustration of continuation rates
within a real-world scale-up context. Given that continuation is
a proxy indicator for effective PrEP use, these continuation
rates could be considered suboptimal given the risk profile of
FSW, MSM and AGYW from geographies with high HIV inci-
dence in the general population. It is plausible that missed
opportunities for continuation may be over-estimated because
the cascade did not document individuals who self-discontin-
ued PrEP because their risk profile changed, or substituted
PrEP with alternative prevention methods, given that PrEP
was delivered in the context of a broader prevention pro-
gramme. Findings from the qualitative research revealed that
lack of motivation and commitment, stigma, product-related

and health system challenges were explanations for the low
PrEP continuation. These findings are consistent with studies
which have documented similar barriers to PrEP continuation
[44,49,52]. The programmatic interventions to improve contin-
uation summarized in Table 2 showed promise in pivoting
continuation rates in the project and similar observations have
been replicated in studies in SSA [55] although this area war-
rants comprehensive investigation.

4.1 | Limitations

First, using aggregate data to populate the cascade does not
facilitate in-depth longitudinal analysis of individual-level char-
acteristics, which might contribute to a much deeper under-
standing of the missed opportunities for PrEP, yet this is
highly relevant to the rollout of PrEP in SSA. Second, the cas-
cade begins with HIV testing and omits useful information on
the proportion of individuals from the target population
reached with PrEP information and those referred for PrEP
services due to lack of reliable community data. Expanded cas-
cades including these data points can estimate coverage rates
of the target populations and identify gaps in demand cre-
ation. Third, the current analysis only presents Month-1 and
Month-3 continuation rates. Continuation rates beyond these
periods are of utmost relevance in order to document optimal
PrEP use among FSW, MSM and AGYW. Finally, this paper
presents a PrEP-specific cascade although PrEP is delivered in
combination with other HIV prevention interventions. Despite
these limitations, this study presents worthwhile evidence
about how cascades can be constructed using routinely col-
lected and easily available data from national health systems.

5 | CONCLUSIONS

The PrEP cascade has provided a useful framework to guide
planning, implementation and monitoring performance of the
Jilinde project. Jilinde has used the cascade to identify missed
opportunities in implementation and course corrected to
increase effective delivery of PrEP services. The Jilinde PrEP
cascade provides field experiences in using a cascade frame-
work for programme monitoring and decision-making. By gen-
erating regular cascades, programmes can continue to monitor
implementation adaptations and employ evidence-based inter-
ventions to respond to emerging gaps. Opportunities exist for
developing cascades that incorporate the holistic package of
HIV combination prevention interventions.
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Abstract
Introduction: Adolescent girls and young women (AGYW), including those who sell sex in sub-Saharan Africa, are especially
vulnerable to HIV. Reaching them with effective prevention is a programmatic priority. The HIV prevention cascade can be
used to track intervention coverage, and identify gaps and opportunities for programme strengthening. The aim of this study
was to characterise gaps in condom use and identify reasons underlying these gaps among young women who sell sex (YWSS)
in Zimbabwe using data from enrolment into an impact evaluation of the DREAMS programme. DREAMS provided a package
of biomedical, social and economic interventions to AGYW aged 10 to 24 with the aim of reducing HIV incidence.
Methods: In 2017, we recruited YWSS aged 18 to 24 using respondent-driven sampling in six sites across Zimbabwe. We
measured knowledge about efficacy of, access to, and effective (consistent) use of condoms with the most recent three sexual
partners, separately by whether YWSS self-identified as female sex workers (FSW) or not. Among YWSS without knowledge
about efficacy of, not having access to, and not effectively using condoms, we described the potential reasons underlying the
gaps in the condom cascade. To identify socio-demographic characteristics associated with effective condom use, we used
logistic regression modelling. All analyses were RDS-II weighted and restricted to YWSS testing HIV-negative at enrolment.
Results: We enrolled 2431 YWSS. Among 1842 (76%) YWSS testing HIV-negative, 66% (n = 1221) self-identified as FSW.
89% of HIV-negative YWSS demonstrated knowledge about efficacy of condoms, 80% reported access to condoms and 58%
reported using condoms consistently with the three most recent sexual partners. Knowledge about efficacy of and effective
use of condoms was similar regardless of whether or not YWSS self-identified as FSW, but YWSS self-identifying as FSW
reported better access to condoms compared to those who did not (87% vs 68%; age- and site-adjusted (adjOR) = 2.69; 95%
CI: 2.01 to 3.60; p < 0.001). Women who reported experiencing sexual violence in the past year and common mental disorder
in the past week were less likely to use condoms consistently (43% vs. 60%; adjOR = 0.49; 95% CI: 0.35 to 0.68; p < 0.001)
and (51% vs. 61%; adjOR = 0.76; 95% CI: 0.60 to 0.97; p = 0.029), respectively.
Conclusions: Despite high knowledge about efficacy of and access to condoms, there remain large gaps in self-reported con-
sistent condom use among YWSS. Addressing the structural determinants of YWSS’ inconsistent condom use, including vio-
lence, could reduce this gap. YWSS who do not self-identify as FSW have less access to condoms and may require additional
programmatic intervention.

Keywords: HIV prevention cascade; condom cascade; female sex worker; young women who sell sex; HIV prevention;
Zimbabwe; sub-Saharan Africa
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1 | INTRODUCTION

Although HIV incidence is decreasing in sub-Saharan Africa, it
remains high among adolescent girls and young women
(AGYW) aged 15 to 24 [1]. Among AGYW, young women who
sell sex (YWSS) are at particularly high HIV risk [2], less likely
to access health services, more likely to experience violence
from sexual partners, and less likely to use condoms

consistently due to a lower ability to negotiate condom use
[3]. Reducing HIV incidence among AGYW requires increased
coverage of efficacious prevention methods, including con-
doms and oral pre-exposure prophylaxis (PrEP)[4-6].
The DREAMS Partnership was launched in ten African

countries, including Zimbabwe, aiming to reduce HIV risk
among AGYW through the delivery of comprehensive combi-
nation HIV prevention programming [7,8]. In Zimbabwe, where
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YWSS, including young FSW, were among the target popula-
tion, the core package included condom promotion and provi-
sion, and an offer of oral PrEP, supported by a range of
behavioural and structural interventions [9].
HIV prevention cascades can highlight gaps in motivation

for, access to and effective use of prevention tools [10,11].
Criticisms of the framework emphasise that HIV prevention is
non-linear and complex, there are several prevention options,
the prevention needs of individuals differ and change over
time, and that measuring complex domains such as motivation,
is challenging and not conducive to simplified models [12]. We
operationalised a prevention cascade analysis for YWSS in
Zimbabwe using data from enrolment into an impact evalua-
tion of DREAMS. Overall, our goal was to explore whether
application of prevention cascades at enrolment could be used
to inform prevention programming by identifying priority
interventions [13].

2 | METHODS

2.1 | Study setting and population

Between April and July 2017, we used respondent-driven
sampling (RDS) in six sites across Zimbabwe to identify and
recruit YWSS to a cohort study to evaluate the impact of
DREAMS on HIV incidence [14,15]. Women were recruited
from two large cities where DREAMS was implemented and a
comparison group of women were recruited from four small
towns selected based on their similarity with the DREAMS
sites. In all six sites the national HIV prevention and treatment
programme for FSW, “Sisters with a Voice”, provides support
and services to FSW, including HIV testing, community mobili-
sation, and condoms.
Women were eligible to participate if they were 18 to

24 years of age and explicitly exchanged sex for money, goods
or services in the past month. Our aim was to recruit any
young women engaged in selling sex, even if these women did
not see themselves as FSW. Based on the sample size required
for the impact evaluation [14], we aimed to recruit ~600 YWSS
in each large city, and ~300 in each small urban site.

2.2 | Data collection

Data collection methods have been described elsewhere [14].
As reported [16], we conducted geographic and social mapping
at each site to identify 6-10 ‘seed’ participants, women who
were purposefully selected to be representative of the social
typology of YWSS, which is mainly street based, and geographic
location of selling sex. Each ‘seed’ was interviewed and given
two recruitment coupons to pass on to YWSS in her social net-
work [14]. When YWSS receiving a coupon attended the sur-
vey site, they were given two coupons to pass on to two YWSS
they knew, who sold sex in that location and who had not pre-
viously been recruited to the survey. Each participant was
given an incentive of US$3 for participating in the survey, and
an additional US$2 for each YWSS recruited. In all six sites, a
maximum of six iterations of recruitment were performed [14].
YWSS consenting to participate completed a questionnaire

on socio-demographics, sexual behaviours, including a partner
loop that asked about condom use at last sex and condom-less
sex in the past month with three most recent sexual partners,

self-identification as FSW, and uptake of HIV services, includ-
ing testing. Participants were offered rapid HIV testing ser-
vices according to national HIV testing guidelines and were
told the result of their HIV test.

2.3 | Measures

We operationalised the HIV prevention cascade measuring
three core steps: knowledge about condom efficacy, access to
and effective use of condoms [10,11]. We used knowledge
about condom efficacy as a proxy for motivation to use con-
doms because we had insufficient data to measure motivation
to align the condom cascade with the Schaefer et al frame-
work [10]. We hypothesised that cascades may differ by
whether or not women self-identified as FSW and constructed
cascades for women who did and did not identify as such. All
measures were self-reported.
Knowledge about efficacy of condoms was defined as agree-

ing that using condoms every time you have sex can prevent
an HIV negative person from acquiring HIV infection. Access
to condoms was defined as reporting that condoms are always
available at places where women choose to obtain them.
Effective use of condoms was defined as having used condoms
during all sexual acts with three most recent partners in the
past month. Three recent partners were a smaller proportion
of the average number of partners reported by YWSS self-
identified as FSW (20%) compared to those not self-identified
as FSW (60%). Effective condom use was a derived variable
that combined data from two variables: condom use at last
sex and condom-less sex in the past month, with three most
recent partners. The variable was coded 1 if women reported
any condom-less sex with any partner, and coded 0 only if
they reported no condom-less sex at last sex and in the last
month with all three partners.
After constructing the cascade, we described perceived

norms and perceptions about condom use among women with-
out knowledge of condom efficacy, hypothesising that these
might help better understand the gaps in their knowledge [13].
We described perceived use of condoms with (1) regular part-
ners and (2) casual partners/clients by other young women, (3)
perceived importance of using condoms with all sexual part-
ners, and (4) whether using a condom every time they have sex
is a good thing to do. Among women defined as not having
access to condoms, we described whether women reported
that: (1) it is easy for women like themselves to access free
condoms, (2) it is expensive to travel to places where they get
condoms, and (3) they are always able to get condoms for free
at the places where they get condoms. Among women defined
as not using condoms effectively, we described whether YWSS
reported an ability to use condoms correctly, to negotiate con-
dom use with any sexual partner, and confidence in their ability
to ask a new sexual partner to use a condom. These measures
related to self-efficacy and skills were based on those devel-
oped and used in other settings in sub-Saharan Africa [17-20].
In a risk factor analysis, we included variables known to be

associated with effective condom use in the literature [21]
and that could be amenable to identifying women at risk of
not using condoms and strategies to improve condom use,
including: age, educational attainment, marital status, self-iden-
tification as FSW, whether women ever experienced physical
and sexual violence from a sexual partner or police, women’s
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relationship with other YWSS, number of close female friends,
consumption of more than six alcoholic drinks in one night
during last 12 months, and symptoms of common mental
health disorders (CMD). Risk of CMD was assessed using the
locally validated Shona Symptom Questionnaire (SSQ-14) [22],
a set of fourteen questions about symptoms of depression
and anxiety in the previous one week (cut off for risk of CMD
is ≥ 9/14) [22-24].

2.4 | Statistical analysis

All analyses were restricted to women who tested HIV nega-
tive on the rapid HIV test offered during the survey. Data
were RDS-II weighted, with women’s responses weighted by
the inverse of the reported number of YWSS that they knew
i.e. the number of other women that she could have recruited
to the survey [25], based on well established rationale for
RDS-II weighting [26,27]. We pooled data from the six survey
sites and normalised the RDS-II weights by site. Participant
socio-demographic and sexual behaviour characteristics, as
well as variables related to the cascade were described, and
stratified by self-identification as FSW.
We constructed the condom cascade for all YWSS as well

as by whether or not they self-identified as FSW, and com-
pared each step by self-identification as FSW adjusting for age
at the time of the survey and site of recruitment.
Subsequently, we used logistic regression to identify socio-

demographic and sexual behaviour characteristics associated
with effective condom use. For logistic regression analyses, we
dropped seed participants and included a fixed term for site.
Factors associated with effective condom use at p ≤ 0.10-level
in univariable analysis were included in the multivariable
regression model, adjusting for all factors associated with
effective condom use in the univariable analysis. We also
explored whether the associations between the variables of
interest and effective condom use were modified by whether
or not women self-identified as FSW. Evidence of effect modi-
fication in unadjusted analyses (p ≤ 0.10) resulted in further
exploration in adjusted analyses.
Finally, we described potential reasons underlying gaps in

the condom cascade among women defined as not having
knowledge about condom efficacy, not having access to con-
doms, and not using condoms effectively. This analysis was
also stratified by whether women self-identified as FSW or
not. Analyses were conducted using STATA version 14.2.

2.5 | Ethics

The DREAMS impact evaluation was reviewed and approved
by the Medical Research Council of Zimbabwe (Ref MRCZ/A/
2085) and the London School of Hygiene and Tropical Medicine
(Ref 11835). All participants were given information about the
study and asked for written informed consent for participation.

3 | RESULTS

3.1 | Characteristics of women recruited to the
study

We recruited 2431 YWSS, 1204 in two large cities and 1227
in the four small towns, 1842 (76%) tested HIV negative. The

majority of HIV negative YWSS were aged 20 to 24 years
(58%), had some but incomplete secondary school education,
were never married, and reported having insufficient food in
the past month (Table 1). Sixty-six percent (66%) self-identi-
fied as FSW. YWSS self-identifying as FSW were older, more
likely to be divorced/separated, more likely to consume alco-
hol and to report good relationships with other YWSS
(Table 1). YWSS identifying as FSW reported having more sex-
ual partners and sex work clients in the past month compared
to YWSS not identifying as FSW. YWSS self-identifying as
FSW were also more likely to be at risk of CMD within the
last week (37% vs. 27%), to have experienced physical and
sexual violence from a sexual partner, and violence from police
(6% vs. 2%) compared to non-identifying YWSS.

3.2 | The condom cascade

Overall, 89% of YWSS agreed that using condoms every time
during sex can prevent an HIV negative person from acquiring
HIV infection (efficacy knowledge), 80% reported that con-
doms were always available at places from which they chose
to obtain them (access), and 58% reported having used con-
doms during all sexual acts with three most recent partners in
the past month (effective use) (Figure 1).
A higher proportion of YWSS self-identifying as FSW

reported access to condoms compared to YWSS not identify-
ing as FSW (87% vs. 67%; age- and site-adjusted OR = 2.69;
95% CI: 2.01 to 3.60; p < 0.001). Knowledge about efficacy of
condoms and effective use of condoms were similar between
both groups of YWSS (90% vs. 89%; OR = 1.00; 95% CI: 0.68
to 1.47; p = 0.997), and (57% vs. 60%; OR = 0.94; 95%
CI: 0.61 to 1.28; p = 0.123), respectively.
Adjusting for factors associated with effective condom use

in univariable analysis, there was evidence that effective con-
dom use was lower among YWSS at risk of CMD (51% vs. not
at risk 61%; adjOR = 0.76; 95% CI: 0.60 to 0.97; p = 0.029)
and women who ever experienced physical violence from a
sexual partner (51% vs. women not experiencing physical vio-
lence 62%; adjOR = 0.74; 95% CI: 0.58 to 0.96; p = 0.021)
(Table 2). There was strong evidence that effective condom
use was lower among women who had experienced sexual vio-
lence in past 12 months compared to women reporting no
sexual violence (43% vs. 60%; adjOR = 0.49; 95% CI: 0.35 to
0.67; p < 0.001). YWSS who reported neither a good nor bad
relationship with other YWSS were less likely to use condoms
effectively compared to YWSS with good relationship with
other YWSS (50% vs. 60%; adjOR = 0.49; 95% CI: 0.35 to
0.68; p = 0.030). There was little evidence of an association
with other factors explored and no statistical evidence for any
effect modification by self-identification as FSW.

3.3 | Potential reasons underlying lack of
knowledge about efficacy of, access to and effective
use of condoms

Among YWSS who did not perceive condoms to be effective
at preventing HIV, the majority reported that other YWSS use
condoms with their casual partners/clients (80%) and regular
partners (58%). Most women perceived the use of condoms
with all sexual partners as important (97%) and considered
using condoms every sex act as a good thing to do (84%). A
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Table 1. Socio-demographic and sexual behavioural characteristics of YWSS testing HIV negative at enrolment into an RDS survey,

by self-identification as FSW, RDS-II weighted (N = 1842)

YWSS not

identifying as

FSW

(N = 621)

YWSS

identifying as

FSW

(N = 1221)

All YWSS

(N = 1842)a

Comparison p-valuecn % n % n %

Age <0.001

18 to 19 316 52.4 409 35.4 725 41.6

20 to 24 305 47.6 812 64.6 1117 58.4

Highest level of education <0.001

None/ incomplete primary 18 2.7 87 7.7 105 5.9

Complete primary 44 7.6 108 9.5 152 8.8

Incomplete secondary 518 82.9 990 80.0 1508 81.1

Complete secondary or higher 41 6.7 36 2.9 77 4.2

Marital status <0.001

Never been married 465 75.2 685 56.9 1150 63.6

Married/ living together as if married 21 3.4 16 1.7 37 2.3

Divorced/ separated 135 21.4 512 40.8 647 33.9

Widowed 0 0.0 8 0.6 8 0.4

Insufficient food in past month 0.002

No 308 50.5 517 41.7 825 44.9

Yes 313 49.5 704 58.3 1017 55.1

Age at start of selling sex 0.001

≤15 60 9.1 142 11.8 202 10.8

16 to 17 246 41.5 392 31.7 638 35.3

18 to 24 311 49.4 687 56.5 998 53.9

Duration since first started selling sex (years) <0.001

0 to 2 403 67.8 633 52.5 1036 58.0

3 to 4 162 25.0 372 30.9 534 28.8

≥5 52 7.2 216 16.7 268 13.2

Number of sexual partners in the past month <0.001

0 to 4 474 80.0 432 37.3 906 52.8

5 to 9 82 10.9 303 25.9 385 20.5

≥10 64 9.1 481 36.8 545 26.7

Number of clients in the past month <0.001

0 to 4 501 84.1 485 42.1 986 57.4

5 to 9 62 7.8 276 23.6 338 17.9

≥10 57 8.1 454 34.3 511 24.8

Relationship with other YWSS <0.001

Good 385 63.6 869 71.6 1254 68.7

Neither good nor bad 125 21.2 229 18.6 353 19.5

Bad 60 10.3 97 8.2 157 9.0

No relationship 48 4.9 26 1.5 74 2.7

No. of close female friends 0.231

0 127 22.0 219 19.7 346 20.5

1 356 56.8 667 55.0 1023 55.7

≥2 138 21.2 335 25.3 473 23.8

Alcohol consumption in the past 12 months <0.001

Never 354 60.1 480 41.7 834 48.4

Once a month or less 103 17.6 159 13.4 262 15.0

2 to 4 times per month 67 9.7 183 14.5 250 12.7

2 to 3 times per week 60 8.3 212 16.5 272 13.5

4 or more times per week 37 4.3 187 13.9 224 10.4
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high proportion (68%) of women reported that they cannot
rely on condoms because they break easily (Figure 2A). There
was little evidence that these factors differed by self-identifi-
cation as FSW.
Among YWSS who lacked access to condoms, the majority

(64%) reported that it is easy for young women like them to

access free condoms and that they are always able to get con-
doms for free (58%). Access to free condoms was similar
regardless of whether women self-identified as FSW or not
(70% vs 61% respectively; age- and site-adjusted (adjOR)
=1.43; 95% CI: 0.82 to 2.47; p = 0.204) (Figure 2B). Few
women (31%) reported that places to get condoms are far

Table 1. (Continued)

YWSS not

identifying as

FSW

(N = 621)

YWSS

identifying as

FSW

(N = 1221)

All YWSS

(N = 1842)a

Comparison p-valuecn % n % n %

Had more than six alcoholic drinks in one night

during last 12 months

<0.001

Have not had alcohol in last 12 months 354 60.1 480 41.7 834 48.4

Drank alcohol but no occasions of more than

six drinks

160 25.3 386 32.2 546 29.7

Yes, at least one occasion 107 14.6 355 26.1 462 21.9

Risk of CMDb <0.001

No 443 72.7 768 62.9 1211 66.4

Yes 178 27.3 453 37.1 631 33.6

Ever experienced physical violence from sexual

partner

<0.001

No 437 70.5 707 60.3 1144 64.0

Yes 184 29.5 514 39.7 698 36.0

Experienced sexual violence from a sexual

partner in the past 12 months

0.010

No 541 88.3 1005 82.9 1546 84.9

Yes 79 11.7 216 17.1 295 15.1

Experienced any form of violence from police in

the past 12 months

<0.001

No 606 98.3 1150 94.4 1756 95.8

Yes 13 1.7 69 5.6 82 4.2

p-value is from Wald test. YWSS, young women who sell sex; FSW, female sex worker; RDS, respondent-driven sampling.
a17 womenmissing data on whether or not they self-identify as FSW; bCut-off of ≥9; cAdjusted for age and site. CMD, commonmental health disorders.

Figure 1. Condom cascades among YWSS overall, YWSS self-identifying as FSW and YWSS not self-identifying as FSW. Black spots indicate
site-specific estimates.
YWSS, young women who sell sex; FSW, female sex worker.
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Table 2. Factors associated with effective condom use among YWSS testing HIV negative at enrolment into an RDS survey, RDS-II

weighted (N = 1810)

Characteristic N (%)

# of YWSS who had

effective condom use

in the past month

(N = 1058)

n (%)

Crude OR

(95% CI) p-value

Adjusted ORa

(95%CI) p-value

Age at enrolment 0.039 0.965

18 to 19 712 (41.5) 432 (59.9) 1 1

20 to 24 1098 (58.5) 626 (56.1) 0.78 (0.62 to 0.99) 0.99 (0.76 to 1.30)

Highest level of education 0.584

Primary or less 253 (14.6) 141 (55.4) 1

Incomplete secondary 776 (42.9) 476 (58.5) 1.20 (0.85 to 1.69)

Complete secondary or

higher

781 (42.5) 441 (57.6) 1.16 (0.82 to 1.65)

Marital status 0.003 0.062

Never married 1130 (63.7) 667 (59.4) 1 1

Ever married 680 (36.3) 391 (54.7) 0.69 (0.54 to 0.89) 0.77 (0.59 to 1.01)

Insufficient food in past

month

0.506

No 807 (44.8) 466 (55.5) 1

Yes 1003 (55.2) 592 (59.4) 1.08 (0.86 to 1.36)

Self-identified as FSW 0.023 0.386

No 598 (35.8) 356 (60.3) 1 1

Yes 1195 (64.2) 696 (56.7) 0.75 (0.59 to 0.96) 0.89 (0.69 to 1.16)

Age at start of selling sex 0.166

≤15 196 (10.8) 103 (50.2) 1

16 to 17 637 (35.7) 363 (54.9) 1.15 (0.79 to 1.69)

18 to 24 974 (53.5) 590 (60.9) 1.36 (0.95 to 1.96)

Duration since first started

selling sex (years)

0.003 0.054

0 to 2 1015 (57.7) 631 (61.1) 1 1

3 to 4 530 (29.0) 293 (54.9) 0.81 (0.63 to 1.04) 0.86 (0.66 to 1.12)

≥5 262 (13.3) 132 (48.3) 0.58 (0.42 to 0.80) 0.64 (0.45 to 0.91)

Relationship with other

YWSS

0.025 0.030

Good 1238 (69.1) 746 (60.2) 1 1

Neither good nor bad 345 (19.5) 182 (49.7) 0.67 (0.51 to 0.90) 0.67 (0.50 to 0.90)

Bad or no relationship 223 (11.4) 127 (56.1) 0.88 (0.62 to 1.24) 0.88 (0.63 to 1.25)

No. of close female friends 0.578

0 342 (20.7) 198 (57.8) 1

1 1008 (55.6) 584 (57.1) 0.99 (0.75 to 1.34)

≥2 460 (23.7) 276 (58.8) 1.15 (0.82 to 1.62)

Had more than six alcoholic

drinks in one night

during last 12 months

0.032 0.450

Have not had alcohol in

last 12 months

816 (48.1) 506 (61.7) 1 1

Drank alcohol but no

occasions of more than

six drinks

542 (29.9) 319 (55.4) 0.74 (0.56 to 0.96) 0.85 (0.64 to 1.11)

Yes, at least one

occasion

452 (22.0) 233 (51.9) 0.72 (0.54 to 0.97) 0.99 (0.72 to 1.35)
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from their homes or that it is expensive to travel to get con-
doms (16%), with no evidence for difference by how YWSS
self-identified. Forty-percent (40%) reported that staff at
places where they get condoms talk badly about them
because they sell sex, with no evidence for a difference by
self-identification as FSW.
Among YWSS not using condoms effectively, YWSS self-

identifying as FSW were more likely to report that they were
confident to get condoms when they needed them (92% vs.
79%; adjOR = 2.61; 95% CI: 1.41 to 4.84; p = 0.002) and
were able to use condoms correctly (87% vs. 75%;
adjOR = 1.95; 95% CI: 1.15 to 3.31; p = 0.013) compared to
YWSS not identifying as FSW. Ability to negotiate condom use
with any sexual partner and confidence in one’s ability to ask
a new sexual partner to use a condom was high and similar
between both groups of YWSS (Figure 2C).

4 | DISCUSSION

We operationalised a condom cascade using data collected
from HIV-negative YWSS in six sites in Zimbabwe in 2017.
Knowledge about the efficacy of condoms was high. However,
reported effective use with their three most recent partners
was low and access to condoms differed between YWSS who
self-identified as FSW and those who did not. YWSS perceived
that their peers used condoms and considered condoms

important. Yet condoms were not considered reliable, YWSS
not identifying as FSW had less access to free condoms and
lower condom use self-efficacy. Effective condom use was
lower among those experiencing violence and being at risk of
CMD, suggesting that these factors affect women’s capability
to use condoms.
Our analysis revealed gaps in access to condoms and in confi-

dence in condom use, particularly among YWSS not identifying
as FSW, who were younger and started selling sex more recently.
These gaps point to the need for tailored programming depend-
ing on how YWSS self-identify [21,28]. Demand creation for con-
doms may have been neglected in recent years. Re-enforcing the
message that condoms are effective when used correctly, cou-
pled with promotion of how to use condoms properly and that
they should be used consistently, is critical. At the time of our
study, PrEP was not widely available; few women had heard of
PrEP. Currently, there is little literature on motivation to use
PrEP and factors affecting ability to adhere to PrEP [29]. Preven-
tion cascades may inform our thinking about how to support
PrEP use and adherence, highlighting that alongside access and
knowledge of PrEP efficacy, programmes need to consider self-
efficacy and confidence, and how violence and CMD are likely to
affect longer-term PrEP use. Further, our study suggests the
need to promote PrEP as an option for women who feel they can-
not negotiate condom use because they are at risk of violence, or
who may struggle to negotiate condom use with partners who
insist on condom-less sex [30].

Table 2. (Continued)

Characteristic N (%)

# of YWSS who had

effective condom use

in the past month

(N = 1058)

n (%)

Crude OR

(95% CI) p-value

Adjusted ORa

(95%CI) p-value

Risk of CMD in the past

week

<0.001 0.029

No 1182 (66.1) 737 (61.0) 1 1

Yes 628 (33.9) 321 (51.1) 0.66 (0.52 to 0.83) 0.76 (0.60 to 0.97)

Ever experienced physical

violence from sexual

partner

<0.001 0.021

No 1122 (64.1) 697 (61.5) 1 1

Yes 688 (35.9) 361 (50.8) 0.60 (0.48 to 0.76) 0.74 (0.58 to 0.96)

Experienced sexual violence

from a sexual partner in

the past 12 months

<0.001 <0.001

No 1518 (84.7) 930 (60.3) 1 1

Yes 291 (15.3) 127 (42.6) 0.43 (0.31 to 0.58) 0.49 (0.35 to 0.67)

Experienced any form of

violence from police in

the past 12 months

0.003 0.239

No 1726 (95.9) 1016 (58.4) 1 1

Yes 80 (4.1) 40 (40.4) 0.45 (0.27 to 0.77) 0.71 (0.41 to 1.25)

p-value is from Wald test. YWSS, young women who sell sex; FSW, female sex worker; RDS, respondent-driven sampling; OR, odds ratio.
a

Adjusted for all factors associated with effective condom use in crude analysis.
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Self-efficacy to use condoms is likely compromised by physi-
cal and sexual violence from sexual partners. HIV prevention
programmes need to provide access to violence prevention
services, including violence mitigation packages [31,32].
Women participating in the survey reported high levels of vio-
lence, and our analysis of the final cascade step revealed that
experiencing violence was associated with reported ineffective
use of condoms with their three most recent partners. These
findings are similar to other studies [33,34], which have shown
that intimate partner violence is associated with poorer con-
dom use self-efficacy and condom use [32,35]. By measuring
structural factors that may influence steps along a cascade,
programmes would be better placed to understand factors
influencing service use and to support YWSS to access a holis-
tic package of services. Included in the DREAMS package of
interventions was post-violence care, school-based HIV and
violence prevention, social protection interventions and com-
munity mobilisation [8]. Greater investments in strategies to
reduce violence experienced by YWSS in particular [3] along-
side interventions targeting the male partners of YWSS are
needed. Access to such interventions could be included in
monitoring targets for DREAMS among key populations,
alongside HIV testing, condoms and PrEP.

This study has several strengths. We recruited a large num-
ber YWSS from multiple sites using a similar RDS method,
and included YWSS who do and do not self-identify as FSW
who are often missed by research and HIV prevention pro-
grammes [36]. Our RDS diagnostics (reported elsewhere
[21,37]) suggest that our sample is likely to be representative
of the network of YWSS recruited. These analyses gave us a
unique opportunity to operationalise a prevention cascade
within a large group of HIV-negative YWSS, recruited for an
impact evaluation of DREAMS, among whom data on condom
use is limited in sub-Saharan Africa [38].
A limitation of the data we report is our reliance on self-re-

ports of subjects prone to social desirability bias. Approaches to
strengthen valid reporting, including ACASI, are available but
were not possible to use in these surveys. We were not able to
include detailed questions about partner’s influence in determin-
ing condom use. However, understanding women’s agency in
condom negotiation with individual partners may be better
placed for qualitative inquiry, particularly among those women
who reported experiencing violence and for whom violence was
strongly associated with effective condom use [14,15].
The cascades we present have limitations. In the absence of

a standard measure for motivation [10], we used knowledge
about the efficacy of condoms as the first step in our cascade.
Knowledge that condoms can prevent HIV is necessary but
not sufficient for motivation. We described norms and percep-
tions regarding condom use, which revealed that many women
consider condoms unreliable. Our measure of access is also
limited. Condoms always being available may not mean women
have access if the places where condoms are available are not
acceptable [10]. Discrimination by staff may deter YWSS from
accessing condoms [39]. Among YWSS defined as lacking
access to condoms, some reported that staff at the place they
get condoms talk badly about them because they sell sex. Our
measure of effective condom use may also over-report consis-
tent condom use. Women’s behaviours with their three most
recent partners may not be reflective of behaviours with all
partners. Also, YWSS could be having condom-less sex due to
pregnancy intentions, particularly with a non-paying partner.
We estimate that our approach focusing on the three most
recent partners covered at least 50% of partners in the last
month. As such, and despite limitations, our measure is similar
to those reported in other studies [40]. The questions to
quantify reasons for any gaps in knowledge about efficacy,
access and effective use were related to domains considered
of importance in the cascade presented by Schaefer et al [10]
and Hargreaves et al [11], and combine behavioural theories
[41]. There may, however, be reasons underlying gaps in
access to condoms among YWSS who do not self-identify as
FSW and in effective use among all women that we failed to
measure, including whether women disclosed their sex work
to friends, family and partners.
A further limitation is that the prevention cascade is

intended to be a simple and practical framework to strengthen
prevention programming [10,42]. Although the cascades we
present are in themselves simple, the collection of data
through RDS surveys is complex and such data is not rou-
tinely available to programmes. However, questions included
in the survey or related to motivation and access could be col-
lected by peer educators or through micro-planning methods,
with qualitative data collection methods used to complement

Figure 2. Potential reasons underlying gaps in knowledge about effi-
cacy of, access to and effective use of condoms among YWSS without
knowledge about efficacy of, not having access to, and not effectively
using condoms, respectively.
YWSS, young women who sell sex; FSW, female sex workers.
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quantitative findings. Data routinely collected by FSW pro-
grammes in Kenya and in Zimbabwe [43,44] provided power-
ful information to strengthen programming, revealing gaps in
reaching younger FSW [42]. Combining survey data, when
available, with data collection by peer educators, including
micro-planning, could prove a powerful tool to identify gaps
and strengthen programming for YWSS in Zimbabwe and
other settings [42,45].

5 | CONCLUSIONS

We used the HIV prevention cascade to determine effective
condom use among YWSS at high risk of HIV and identify pro-
gramme gaps and possible strategies to increase condom use.
This approach was very useful in identifying gaps but needs to
be complemented by qualitative enquiry to better understand
why gaps exist.
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Abstract
Introduction: Adolescent girls and young women (AGYW) in sub-Saharan Africa have emerged as a priority population in need
of HIV prevention interventions. Secondary distribution of home-based HIV self-test kits by AGYW to male partners (MP) is a
novel prevention strategy that complements pre-exposure prophylaxis (PrEP), a female-controlled prevention intervention. The
objective of this analysis was to qualitatively operationalize two HIV prevention cascades through the lens of relationship
dynamics for secondary distribution of HIV self-tests to MP and PrEP for AGYW.
Methods: From April 2018 to December 2018, 2200 HIV-negative AGYW aged 16-24 years were enrolled into an HIV pre-
vention intervention which involved secondary distribution of self-tests to MP and PrEP for AGYW; of these women, 91 par-
ticipants or MP were sampled for in-depth interviews based on their degree of completion of the two HIV prevention
cascades. A grounded theory approach was used to characterize participants’ relationship profiles, which were mapped to par-
ticipants’ engagement with the interventions.
Results: In cases where AGYW had a MP with multiple partners, AGYW perceived both interventions as inviting distrust into
the relationship and insinuating non-monogamy. Many chose not to accept either intervention, while others accepted and
attempted to deliver the self-test kit but received a negative reaction from their MP. In the few cases where AGYW held mul-
tiple partnerships, both interventions were viewed as mechanisms for protecting one’s health, and these AGYW exhibited con-
fidence in accepting and delivering the self-test kits and initiating PrEP. Women who indicated intimate partner violence
experiences chose not to accept either intervention because they feared it would elicit a violent reaction from their MP. For
AGYW in relationships described as committed and emotionally open, self-test kit delivery was completed with ease, but PrEP
was viewed as unnecessary. MP experience with the cascade corroborated AGYW perspectives and demonstrated how men
can perceive female-initiated HIV prevention options as beneficial for AGYW and a threat to MP masculinity.
Conclusions: Screening to identify AGYW relationship dynamics can support tailoring prevention services to relationship-
driven barriers and facilitators. HIV prevention counseling for AGYW should address relationship goals or partner’s influence,
and engage with MP around female-controlled prevention interventions.

Keywords: HIV prevention cascade; pre-exposure prophylaxis; HIV self-testing; South Africa; adolescent girls and young women;
relationships
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1 | INTRODUCTION

Adolescent girls and young women (AGYW) aged 15-24 years
have emerged as a priority population in need of urgent inter-
vention due to high HIV incidence rates in sub-Saharan Africa
and disproportionate gender differences in HIV risk [1-3].
Within South Africa, the interplay of relationship dynamics,
schemas of masculine dominance and high prevalence of inti-
mate partner violence (IPV) have strong implications for HIV
prevention behaviours among young women and men [4-9].

Despite recent increases in HIV testing among South Africans,
many AGYW remain unaware of their own and their partners’
status, which presents barriers to successful HIV prevention
[10-14]. Furthermore, men lag in engagement in HIV treat-
ment and prevention cascades [10-14].
HIV self-testing is increasing and offers opportunities for

reaching populations less traditionally served by clinic-based
services, including men [10-14]. The use of secondary distribu-
tion of self-test kits by AGYW to increase testing and status
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disclosure among male partners (MP) is a novel HIV preven-
tion strategy [10-14]. One study recently demonstrated the
effectiveness of this approach in antenatal care (ANC) and
postnatal care settings [10] but may produce different results
outside of the ANC context [10].
Pre-exposure prophylaxis (PrEP), when taken consistently, is

currently the female-controlled prevention intervention with
the greatest efficacy, and it has the potential to empower
AGYW who are in relationships characterized by power imbal-
ances [15]. Overall reductions in HIV acquisition in men and
women have been demonstrated through randomized control
trials of PrEP across multiple settings [15-22]. However, PrEP
effectiveness has not been consistently achieved across stud-
ies, particularly among young women outside of serodiscor-
dant relationships, due to limited product adherence [15]. Still,
the promise of PrEP for AGYW is great, should interventions
succeed in generating demand, motivating uptake and support-
ing adherence [23].
There is limited evidence around how relationship-level bar-

riers and facilitators influence secondary distribution of HIV
self-tests and PrEP uptake and adherence among AGYW.
Thus, this study applied a qualitative approach that opera-
tionalizes and evaluates how relationship landscapes influence
two HIV prevention cascades: (1) secondary distribution of
self-test kits by AGYW to MPs; and (2) PrEP for AGYW. By
sampling AGYW who did/did not complete each step of the
HIV prevention cascades, we hope to generate a nuanced
understanding of the interpersonal circumstances that
empower or hinder women to take control of their sexual
health. Based on our findings, we propose recommendations
for implementation of relationship-centred HIV interventions
for AGYW in South Africa.

2 | METHODS

2.1 | Study population and intervention

In the parent study, the interventions offered were part of
a DREAMS Innovations Challenge package designed to keep
HIV-negative AGYW in South Africa HIV-free [24]. Between
April 2018 and December 2019, 2200 AGYW in northern
Johannesburg were screened for enrollment into the parent
study. The intervention package contained two oral HIV
self-test kits (one for the AGYW and one for her MP to
facilitate couples’ testing when preferred or for multiple MP
as appropriate), an instructional pamphlet, a video explaining
the self-testing process, condoms and lubricant. Formative
research was conducted beforehand to inform the inter-
vention content and video messaging (Tembo, unpublished
work).
AGYW were eligible for enrollment into the parent study if

they were aged 16-24 years, tested HIV negative, had a cur-
rent male sexual partner for ≥3 months at enrollment,
reported they were unaware of their partner’s HIV status,
and did not report relationship violence or fear of violence.
Participants were recruited at a primary health clinic or within
their community through a mobile team. Study team members
administered baseline surveys to AGYW, counselled AGYW on
test kit delivery to MP, and offered PrEP as an additional pre-
vention option. Following enrollment and receipt of the self-
tests, AGYW were contacted two weeks later to ascertain the

self-testing results and were reminded of PrEP as an addi-
tional prevention option. Follow-up calls or clinic meetings
continued for three months to monitor final outcomes.
Using predominantly follow-up data, study staff selected

AGYW to participate in a qualitative sub-study assessing bar-
riers and facilitators to completion of the MP testing and
PrEP prevention cascades; AGYW who were eligible for the
parent study but refused participation were also enrolled.
AGYW were evenly recruited across each of the cascade
steps, and MPs were invited to participate if their AGYW had
provided consent for the study team to contact him. Partici-
pants were not recruited to be representative of parent study
outcomes, but to inform future intervention adaptations.
Of note, DREAMS programming in the area focused exclu-

sively on clinic and community-based HIV testing and linkage
to care for HIV-positive cases. The DREAMS Innovations team
accompanied the program at times to recruit AGYW testing
HIV negative for the parent study.

2.2 | Data collection and analysis

Qualitative, semi-structured in-depth interviews (IDIs) were
conducted from May 2018 to February 2019. IDI participants
(n = 50 AGYW parent study participants, 32 MPs, and 9
AGYW who declined the intervention), were purposively sam-
pled based on the degree to which they completed the HIV
prevention cascades (Figure 1). AGYW aged 18-24 provided
written informed consent, and AGYW <18 years provided
assent and written parental consent. Qualitative study partici-
pants were compensated R100 ($7USD) for IDI transport.
Permission to recruit MP refusing testing was not granted, so
this perspective was only captured among AGYW. IDIs were
completed with either the AGYW or MP in a relationship, but
not both.
IDIs were conducted by four South African qualitative inter-

viewers, exploring facilitators and barriers to completing the
HIV prevention cascades. IDIs lasted approximately 35-
50 minutes and were conducted in English and/or local lan-
guages. IDIs were audio-recorded, transcribed verbatim and
translated into English. Weekly team meetings were held to
debrief and modify probing to explore emerging themes. IDIs
were conducted until saturation of themes was achieved.
Investigators employed an inductive, grounded theory

approach to iteratively develop a codebook. Double coding of
30 randomly selected transcripts was performed with an a pri-
ori agreement level of 85% (below which full double coding
would have been applied). Post-coding analyses employed a
deductive approach that mapped participants’ engagement
with the self-testing and PrEP cascades to the relationship
profiles that emerged.
Ethical approval was granted by the Human Research Ethics

Committee at the University of Witwatersrand in Johannes-
burg, South Africa, and oversight seconded by the Johns Hop-
kins Bloomberg School of Public Health to the South African
Committee.

2.3 | Context from the parent study

In the parent study, acceptability of HIV self-testing was high,
with over 95% of AGYW accepting and delivering self-test kits
to their partners, and over 80% of MP who were offered the
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test accepting and showing the results to their female part-
ners. Over a third of AGYW were interested in PrEP, but only
3% initiated and even fewer adhered to PrEP.

3 | RESULTS

Demographic and relationship characteristics of the 91 IDI
participants are detailed in Table 1. Over half of the partici-
pants were in steady (non-casual) relationships, but not living
with their partner. Over 30% of AGYW believed their MP had
other sexual partners.

3.1 | Relationship typologies

Four relationship typologies emerged that influenced comple-
tion of the two HIV prevention cascades for AGYW and MPs.
The two most common relationships were characterized by
high turnover and/or multiple partnerships, mainly AGYW with
MPs who held multiple partnerships, though also multiple part-
nerships held by an AGYW. Less common was a third type of
relationship characterized by IPV. Despite screening for IPV
prior to intervention enrollment, approximately 25% of the
interviewed AGYW indicated they had a violent MP. The fourth
and common relationship type was characterized by stability
and/or the MP’s openness. Detailed relationship profile
descriptions and their general impact on cascade completions
are detailed below and summarized collectively in Figure 2.

3.1.1 | Relationship turnover and multiple
partnerships

Many AGYW indicated their primary partner had relationships
with other women. In these cases, AGYW were often the sec-
ondary partner of a man who was married or had a female
partner living in another province. Despite the high acceptabil-
ity of self-testing demonstrated in the parent study, in almost
all cases where AGYW had a MP with multiple partners, self-

test kit delivery was a challenge. AGYW did not perceive the
intervention as a mechanism to facilitate discussions around
HIV, but rather, thought it would invite distrust into the rela-
tionship and insinuate non-monogamy from either the AGYW
or MP.

I think he has a ‘makhwapheni’ [side chick] . . . When I take
this kit with me, we are going to fight. He was going to take
it personally: ‘you should have told me that you suspect me
of something’. – AGYW who did not accept self-test kit

In most cases when the MP was believed to have multiple
partners, AGYW did not accept the intervention or accepted
the self-test kit but did not deliver it. Other AGYW in this cat-
egory viewed self-testing as an opportunity to learn their
partner’s status, but when attempting to deliver the self-test
kit met resistance and/or were unsuccessful at convincing
their partner to test in their presence, or never received the
results. In some cases, the MP’s response to self-testing
altered AGYW perceptions of the relationship, with AGYW
indicating that they trusted their partner less or feared that
he might be HIV positive.

He took the test privately. When I asked him about the
results, he said he tested negative. I asked him where the
proof is, then he told me that there is no proof. I thought
maybe he is positive. – AGYW whose MP did not share
results

Despite AGYW perceiving their MP’s response to self-test-
ing as a sign of an HIV-positive status, this was rarely identi-
fied as influencing her motivations to uptake PrEP. Most
AGYW in this typology acknowledged PrEP as a risk reduction
strategy, but few initiated it. Reasons paralleled concerns
around self-testing, with many AGYW indicating it would sig-
nal to MPs that she or the MP were non-monogamous.
Another prominent concern was fear that MPs might misin-

terpret an AGYW’s intentions to take PrEP as an accusation

Figure 1. HIV prevention cascade for self-testing and PrEP interventions.
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that he is HIV positive. Similarly, for those who initiated PrEP
but did not adhere, challenges around relationship trust
emerged and negatively impacted adherence. For instance,
most AGYW indicated they would not tell their partners they
were using PrEP out of fear it would elicit an angry reaction
or lead to relationship tension. Interviews with MP’s demon-
strated these AGYW concerns were valid.

I would ask why does she want to take such a thing? It will
definitely mean she wants to sleep around. – MP, accepted
test and shared results

Furthermore, within this relationship characterization, issues
of transient and long-distance relationships emerged, notably
with MP from outside Johannesburg having primary partners
at home. Depending on the type of relationship in which an
AGYW was involved, engagement in self-testing fluctuated,
with some AGYW unable to engage their partner in testing or
results sharing despite successfully delivering the test-kit. In
most cases, AGYW indicated intention to deliver the kit but
did not because they had not been with their partner since
receiving the test. In other cases, AGYW would deliver the
self-test kit to their MP, but he shared his results with his pri-
mary partner, but not secondary partners. Regarding PrEP, all
AGYW in relationships with transient men held the perception
that their MPs likely had multiple partners but expressed little
urgency around initiating PrEP.

3.1.2 | AGYW with multiple partners

There were a few cases where AGYW indicated they were
engaging with multiple men until they were ready to be in a
more serious relationship. These AGYW viewed self-testing
and PrEP as mechanisms for protecting one’s health and
demonstrated confidence in accepting or delivering the self-
test kit. Almost all AGYW with multiple partners initiated PrEP
because they understood the risks associated with their beha-
viour or the behaviours of their partners. However, AGYW did
not want to disclose PrEP use to their partners due to con-
cerns of how MP might react. For AGYW who did initiate PrEP,
adherence varied – many stopped taking PrEP due to side
effects.

He does not know I am on PrEP . . . It would come as if I
do not trust him. He might think that I think that he is
sleeping around with many girls. - AGYW, initiated PrEP

Interviews with the MPs supported AGYW’s concerns
around PrEP and self-testing and most MPs disclosed they had
multiple partners. MPs reported mixed perceptions around
PrEP – some approved of PrEP as a protective intervention for
AGYW but would not support it if their sexual partner used it.
Others demonstrated concern that offering AGYW PrEP would
increase non-monogamy by providing AGYW with the protec-
tion and thus freedom to have sex with multiple men.

PrEP is good because it will protect her, but I have concerns
about it . . . There are sexually active women out there hav-
ing multiple partners without protection. In that situation
. . . she might end up being a [HIV] carrier. – MP, accepted
test and shared results

3.1.3 | IPV and male partner temperament

While AGYW in violent relationships were not the target
recipient of this intervention, some AGYW indicated experi-
ences of IPV or indicated they had a temperamental, angry
partner. These AGYW were largely concentrated in the group

Table 1. Characteristics of qualitative study participants and

relationships (n = 80)a

Participant

characteristics

AGYW (n = 49) Male partner (n = 31)

Mean (sd) Mean (sd)

Age (years) 21.1 (2.1) 26.4 (4.9)

n (%) n (%)

Education completed

Some primary 1 (2) 2 (6)

Some secondary 12 (24) 5 (16)

Completed secondary 20 (41) 16 (52)

Any tertiary 16 (33) 8 (26)

South African 45 (92) 20 (65)

Relationship status

Casual 9 (18) 4 (13)

Steady, not living together 31 (64) 14 (45)

Steady, living together 9 (18) 11 (36)

Married 0 (0) 2 (6)

Characteristics of the

AGYW in the relationshipb n (%) n (%)

Age category of AGYW

Adolescent girl

(16-19 years)

13 (27) 11 (35)

Young woman

(20-24 years)

73 (73) 20 (65)

AGYW is pregnant 3 (6) 11 (35)

AGYW is a mother 21 (43) 11 (35)

AGYW had more than one

sexual partner in past six

months

11 (22) 2 (6)

AGYW has steady income 13 (27) 8 (26)

AGYW perceives male

partner to have multiple

partners

15 (31) 7 (23)

AGYW perceives male

partner to have more

power in the relationship

28 (57) 18 (58)

AGYW, adolescent girls and young women.
aOverall, 91 individuals participated in the qualitative study. Quantita-
tive information missing for n = 9 AGYW not enrolled in the parent
study (refused to take the HIV self-test kit, but agreed to the qualita-
tive interview), 1 AGYW unlinked to her quantitative results, and 1
male partner, thus n = 80 for this table; bAs reported by the female
partner.
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of women who did not accept or did not deliver the self-test
kit or take PrEP. AGYW in this group universally acknowl-
edged that PrEP and partner self-testing would be beneficial
but chose not to accept either intervention because they
believed it would elicit violence.
Many AGYW explained that when they historically tried to

discuss HIV or testing with their partner, he would react vio-
lently. Furthermore, a subset of AGYW who lived with their
partners and were interested in PrEP expressed fear that
their partner would react violently if he found the pills.

I did not deliver the self-test kit. This guy is very crazy, and
I fear him . . . When I asked him about the test, he became
angry. People say he is abusing his wife, and I am afraid he
will beat me. – AGYW who did not deliver the self-test kit

Violent MPs were not recruited for qualitative interviews,
prioritizing safety of the AGYW. However, many MP IDI par-
ticipants on their own accord mentioned that neither partner
self-testing nor PrEP would be plausible interventions for
women with violent partners, reinforcing AGYW concerns.

3.1.4 | Male partner openness and stable
relationships

The self-testing intervention was successful among AGYW
who were in stable relationships, which include AGYW who
described their relationships as “committed” or “serious,” who
claimed they “trusted” their partner, who were in a relation-
ship for many years, and who were only dating each other.
This relationship type was the second most common sub-
study profile. The intervention was also successful for AGYW
who described their partner’s temperament as “open-minded,”
“accepting” and “understanding,” and whose partners were will-
ing to discuss HIV-related subjects. In many of these cases,
AGYW had previously discussed HIV with their partner or
had previously tested together. In other cases, AGYW were
confident offering the self-test kit because they believed their
MPs would be receptive to HIV discussions.

It was not disappointing because he did not make a big deal
out of it. He understood that testing for HIV was a necessity
and he was really open to it. – AGYW delivered self-test kit

Figure 2. Relationship typologies and engagement in the HIV prevention cascade for self-testing and PrEP interventions.
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AGYW engaged in a serious relationship completed the cas-
cade steps with ease. Specifically, AGYW and MPs who suc-
cessfully tested together reported increased trust and
openness resulting from the self-testing intervention.
Most AGYW in stable relationships reported no need to ini-

tiate PrEP because they trusted their partner, felt confident
they could communicate about testing in the future, or could
convince him to use alternative prevention methods such as
condoms.

I am not interested in taking PrEP because I am dating one
partner and he is only dating me. – AGYW did not take
PrEP

Overall, MPs in stable, serious relationships (as defined
above) perceived self-testing as a gesture that their AGYW
was committed to the relationship and to protecting his
health. MPs in this subgroup also held the perception that
PrEP was a beneficial intervention for many women but felt
that their own sexual partner should have no reason to initi-
ate PrEP, especially if he was HIV negative.

She wasn’t forcing me but was asking me and that made
me happy. My partner loves me so much that she brought
me an HIV self-test kit so that I can know where I stand. –
MP, accepted test and shared HIV results

4 | DISCUSSION

While there is extensive literature examining adolescent and
young adult relationship dynamics in South Africa [4-9], less is
known about how relationship profiles impact engagement
across the HIV prevention cascades for female-initiated pre-
vention methods. Applying the prevention cascade framework
through qualitative sampling and analysis generated insights
regarding relationship heterogeneity and completion of HIV
prevention cascades that might not have been observed in a
random sample. This may be particularly important as sensitive
information not reported in the parent study, such as violence
and multiple partnerships, would have gone unidentified. Use
of qualitative methods in the sub-study allowed for more
nuanced insight into the challenges AGYW face completing
the prevention cascades of self-testing and PrEP interven-
tions.
A critical insight gleaned from this analysis is that AGYW in

high-risk relationships had lower success navigating the HIV
prevention cascades, even for female-led interventions. For
situations in which the MP was perceived to have multiple
partners or was violent, AGYW had limited success engaging
with both PrEP and secondary distribution of self-testing
interventions. Consistent with other studies highlighting the
non-monogamous and transient nature of relationships for
South African AGYW, these results demonstrate that the
adoption of PrEP and delivery of self-test kits from AGYW to
MPs is often impeded by the same gender norms that disad-
vantage AGYW in engaging with other HIV prevention
options, such as negotiating male condom use [4-9,22,25,26].
Furthermore, recent studies on female PrEP use in

Johannesburg have shown that a woman’s ability and willing-
ness to use PrEP is strongly influenced by her MP and that
perceived or actual MP resistance makes adherence difficult
[27]. Purposive sampling of AGYW and MP across completion
of the two prevention cascades illuminated several of these
barriers that were unelicited through the quantitative parent
study and reinforce evidence that AGYW face similar per-
ceived or actual relationship-related barriers to HIV preven-
tion. This further suggests that increased emphasis should be
placed on screening for relationship characteristics during
implementation to gauge whether MPs will support or oppose
an AGYW’s involvement in HIV prevention [26,28]. Depending
on the type of relationship, implementers can encourage
AGYW to disclose PrEP use to MPs, or suggest other strate-
gies that minimize potential adverse reactions while still
engaging in prevention methods where possible [28].
While the primary recipients of the intervention were not

AGYW experiencing IPV or AGYW living physically distant
from their partners, the cascade sampling approach revealed
the pervasiveness and under-reporting of violence in South
African youth and the nuances behind long-distance partner-
ships. These various relationship manifestations can hinder
AGYW’s engagement in interventions they perceive as protec-
tive and beneficial [4-9,22]. For young women whose partners
have multiple partners, recognizing her barriers to HIV pre-
vention uptake and fully considering the relationship dynamics
may be critical to support her navigation through prevention
options.
Despite challenges, the interventions were successful for

many AGYW who were in partnerships with MP characterized
as supportive or open in their communication patterns. These
AGYW viewed self-testing and PrEP as mechanisms for
empowerment and protecting one’s health, and demonstrated
confidence in accepting, delivering and seeing the results of
the HIV self-test kit and initiating PrEP. This finding reinforces
that test kit delivery is highly acceptable and desirable outside
the ANC context [10]. Furthermore, developing positive pat-
terns of engagement with MPs at a young age may carry for-
ward to support AGYW’s navigation of continued HIV testing
and prevention practices within relationships as she ages.
While non-adherence and discontinuation of PrEP among
AGYW in sub-Saharan Africa is well documented and inhibits
PrEP effectiveness [23,25-29], these results reinforce that
young women’s decisions not to use PrEP are frequently
rational and represent the delicate balance of weighing rela-
tionship risks and benefits [23]. Furthermore, understanding
the delineation between AGYW engaged with a man who has
multiple partners or AGYW engaged with multiple partners
herself could help to identify whether an AGYW will perceive
an intervention as an empowerment mechanism for address-
ing her own risk versus an intervention that threatens stability
and trust within her relationship [25,28].
Together, these findings suggest that the starting place for

tailoring counselling and delivery of HIV prevention interven-
tions for young women is not just a review of her sexual beha-
viour and vulnerabilities, but an assessment of her relationship
environment. Strengthening relationship dynamics within inti-
mate partnerships to prevent HIV has been previously sug-
gested [25,27-29], and future work should identify how
unmarried AGYW select into relationships with men who
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exhibit positive relationship qualities or how they develop rela-
tionships in which they can practice open communication. As
an increasing number of HIV prevention programs begin to
engage young men [10-13], both young women and men
should be counselled on basic healthy communication patterns,
with online digital health and/or mentorship targeting adoles-
cents in this space promoted [25]. Furthermore, to tailor inter-
ventions to effectively address the complexity behind HIV
prevention implementation, these results emphasize the need
for strategies that address violent behaviour or support young
women in the removal from her violent situation [23,25].
This study has limitations. Given that this was a qualitative

study, we cannot generalize to the entire population of
AGYW. Additionally, due to the parent study design, AGYW
in identifiably violent relationships were not enrolled in the
intervention, thus, results may not be generalizable to AGYW
in more violent relationships. Furthermore, the study relied
on self-reported data from the AGYW, potentiating misre-
porting by AGYW about intervention completion either in
the parent or qualitative studies. For instance, IPV was dis-
closed in the qualitative study. Additionally, AGYW and MPs
agreeing to interviews may be different from those not rep-
resented, suggesting that other intervention challenges and
facilitators might exist but were not captured. However, the
study was able to successfully recruit AGYW from each step
of the prevention cascades, apart from HIV-positive MPs,
reflecting a diverse set of participants. Finally, participants
were strategically selected for qualitative interviews based
on their placement in the cascades and were not representa-
tive of HIV prevention cascade completion, but rather high-
light typologies of AGYW relationships that succeeded or
struggled with cascade engagements.

5 | CONCLUSIONS

Overall, applying the prevention cascade approach to qualita-
tive sampling of AGYW enrolled in PrEP and secondary distri-
bution self-testing interventions reinforced the nuance behind
relationship factors and HIV prevention, and suggested that
screening around relationship types and differentiating HIV
prevention services and counselling according to the specific
relationship situations could improve intervention uptake and
outcomes. To date, interventions targeting AGYW in isolation
have often produced disappointing findings, as they rarely
account for the context in which individuals live. Identifying
and tailoring interventions to AGYW’s environments, specifi-
cally factoring in long-distance relationships, living situations,
sexual networks, and partnership dynamics may hold promise
for achieving greater HIV prevention success. Furthermore,
incorporation of communication skills-building strategies within
larger HIV prevention interventions for adolescents may offer
benefits for HIV prevention and general well-being.
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Abstract
Introduction: Over one hundred implementation studies of HIV pre-exposure prophylaxis (PrEP) are completed, underway or
planned. We synthesized evidence from these studies to inform mathematical modelling of the prevention cascade for oral and
long-acting PrEP in the setting of western Kenya, one of the world’s most heavily HIV-affected regions.
Methods: We incorporated steps of the PrEP prevention cascade – uptake, adherence, retention and re-engagement after
discontinuation – into EMOD-HIV, an open-source transmission model calibrated to the demography and HIV epidemic pat-
terns of western Kenya. Early PrEP implementation research from East Africa was used to parameterize prevention cascades
for oral PrEP as currently implemented, delivery innovations for oral PrEP, and future long-acting PrEP. We compared infec-
tions averted by PrEP at the population level for different cascade assumptions and sub-populations on PrEP. Analyses were
conducted over the 2020 to 2040 time horizon, with additional sensitivity analyses for the time horizon of analysis and the
time when long-acting PrEP becomes available.
Results: The maximum impact of oral PrEP diminished by over 98% across all prevention cascades, with the exception of
long-acting PrEP under optimistic assumptions about uptake and re-engagement after discontinuation. Long-acting PrEP had
the highest population-level impact, even after accounting for possible delays in product availability, primarily because its effec-
tiveness does not depend on drug adherence. Retention was the most significant cascade step reducing the potential impact
of long-acting PrEP. These results were robust to assumptions about the sub-populations receiving PrEP, but were highly influ-
enced by assumptions about re-initiation of PrEP after discontinuation, about which evidence was sparse.
Conclusions: Implementation challenges along the prevention cascade compound to diminish the population-level impact of
oral PrEP. Long-acting PrEP is expected to be less impacted by user uptake and adherence, but it is instead dependent on
product availability in the short term and retention in the long term. To maximize the impact of long-acting PrEP, ensuring
timely product approval and rollout is critical. Research is needed on strategies to improve retention and patterns of PrEP
re-initiation.

Keywords: HIV prevention; pre-exposure prophylaxis; cascade; mathematical modelling; Kenya; sub-Saharan Africa
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1 | INTRODUCTION

HIV is a leading cause of death in sub-Saharan Africa [1], par-
ticularly in Eastern and Southern Africa, which contain a
majority of the world’s HIV burden and incidence [2]. Western
Kenya contains some of the world’s hardest-hit communities,
with approximately one in four adults living with HIV in the
counties of Homa Bay and Siaya [3]. Over the past decade,
rates of new HIV infections have declined in western Kenya,
concurrently with scale-up of HIV treatment and preventative

interventions such as male circumcision, but remain among
the highest rates observed globally [4].
Oral pre-exposure prophylaxis (PrEP) reduces the risk of

HIV acquisition [5,6], but implementation has been slow to
expand in Eastern and Southern Africa [7] due to numerous
social, political, cultural and logistical barriers [8]. Some of
these barriers have a multiplicative effect, compounding to
make population-level impact more challenging.
A “prevention cascade” framework has been proposed for

HIV [9] and for PrEP in particular [10,11] to organize the

Bershteyn A et al. Journal of the International AIDS Society 2020, 23(S3):e25527
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25527/full | https://doi.org/10.1002/jia2.25527

96

https://orcid.org/0000-0002-6604-7093
https://orcid.org/0000-0002-6604-7093
https://orcid.org/0000-0002-6604-7093
https://orcid.org/0000-0002-7599-1561
https://orcid.org/0000-0002-7599-1561
https://orcid.org/0000-0002-7599-1561
https://orcid.org/0000-0002-2095-7446
https://orcid.org/0000-0002-2095-7446
https://orcid.org/0000-0002-2095-7446
https://orcid.org/0000-0001-8495-5039
https://orcid.org/0000-0001-8495-5039
https://orcid.org/0000-0001-8495-5039
mailto:anna.bershteyn@nyulangone.org
http://creativecommons.org/licenses/by/4.0/
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25527/full
https://doi.org/10.1002/jia2.25527


components of PrEP implementation that have an effect on
HIV prevention. This is analogous to the HIV “treatment cas-
cade,” or care continuum framework, widely adopted for treat-
ment of people living with HIV (PLHIV), which helped to
inform the UNAIDS 90-90-90 targets for HIV diagnosis, treat-
ment and viral load suppression [12]. Here we adapt a previ-
ously developed agent-based HIV network transmission
model, which includes a detailed model of HIV care and pre-
vention, to simulate the cascades of prevention affecting the
population-level impact of PrEP. Our analysis provides quanti-
tative insights into a relatively new and increasingly critical
concept in HIV prevention research.

2 | METHODS

2.1 | Model of HIV in western Kenya

We developed a cascade of prevention model for PrEP within
the health care component of EMOD-HIV, part of the EMOD
transmission modelling software tool [13,14]. EMOD-HIV is
an HIV epidemiological model that integrates population
demography, HIV disease progression; and network-based HIV
transmission configured to match age- and sex-specific
propensities to form different sexual partnership types [15].
Interventions such as antiretroviral therapy (ART), voluntary
medical male circumcision (VMMC), and PrEP are added to
EMOD through a highly configurable health care module in
which different steps of health seeking and outreach can be
targeted to sub-populations and can be made to vary over
time [16].
Prior to the current analysis, EMOD had been calibrated to

fit the HIV epidemic in six counties in western Kenya: Siaya,
Kisumu, Homa Bay, Migori, Kisii and Nyamira [17]. Model cali-
bration methods, parameter values and their distributions, and
quality of fit to HIV survey and routine data, have been pub-
lished in detail elsewhere [17] and are summarized below,
with emphasis on those model components most closely
related to HIV prevention. Because PrEP rollout did not begin
until 2017 – whereas the most recently available HIV preva-
lence survey was conducted in 2012 – the pre-existing model
was not re-calibrated. As a model validation exercise, EMOD-
HIV was calibrated to demographic, HIV prevalence, and viral
suppression data from 32 high-incidence communities in East-
ern Africa, including 16 communities in western Kenya, that
were enrolled in a community-randomized trial of ART scale-
up [18]. The model successfully predicted HIV incidence in
these communities while still blinded to measured incidence,
the trial’s primary outcome [19].
Both traditional male circumcision and scale-up of VMMC

were included using age- and county-specific circumcision cov-
erage estimates from the Demographic and Health Surveys
(DHS) [20]. Importantly, the model incorporated county-
specific estimates of the population sizes of commercial sex
workers based on an enumeration conducted in 2012, the
same year as the most recently available HIV prevalence
estimate [21].
The calibration target data, model parameters and fitted

modelled trajectories for the six-county western Kenya model
have been described in detail [17]. Briefly, the agent-based
model represented the western Kenyan population, with an in
silico model population equal to one-25th the population of

western Kenya. The population structure was fit to match the
Kenya Population and Housing Census, and with age-specific
fertility rates and age- and sex-specific non-HIV mortality
rates published by the UN Population Division [22,23]. The
model was fit to age-, sex- and county-stratified HIV preva-
lence estimates from 2003 and 2008 to 2009 DHS Surveys,
2007 and 2012 AIDS Indicator Surveys, numbers of PLHIV on
ART reported annually by the Kenya Ministry of Health, and
population statistics from the Kenya Population and Housing
Census [24,25].
Modelling fitting to data was performed using parallel simul-

taneous perturbation optimization, an algorithm that maxi-
mizes the posterior probability of the model’s fit to data
[26,27]. The cost function being minimized in the calibration
process was the log-likelihood of the model’s fit to population
age/sex structure, number on ART, and age-, sex- and country-
stratified HIV prevalence after accounting for the uncertainty
of each estimate based on the survey design and sample size.
After model fitting, 250 trajectories were obtained by resam-
pling parameter sets among all those run during the fitting
process in proportion to the likelihood score of each simula-
tion. To estimate the impact of only historical levels of PrEP,
for which the total number of averted infections is still small,
the number of replicates was increased to 2000 model runs.

2.2 | Baseline levels of PrEP usage

County-specific estimates of PrEP use since the start of roll-
out were obtained from the U.S. President’s Emergency Plan
for AIDS Relief (PEPFAR) [28], and national-level estimates
were obtained from PrEPWatch [29]. PrEPWatch estimated
the total number of PrEP users in Kenya in 2019 to be
44,000. Among the 14,258 PrEP users included in the PEP-
FAR dataset, 7866 resided in six counties comprising the for-
mer Nyanza province of western Kenya. We used the
proportion of users in each county relative to the total to allo-
cate the PrEPWatch estimates across the six counties of the
Nyanza region, yielding a total of 24,274 users within Nyanza.
The baseline scenario allocations by county were: 8,243 (34%)
in Siaya, 5120 (21%) in Kisumu, 4820 (20%) in Homa Bay;
4663 (19%) in Migori; 1102 (5%) in Kisii; and 327 (1%) in
Nyamira. To model continuation of 2019 levels of PrEP use,
we simulated 25,000 users annually with the same propor-
tions by county: 8489 in Siaya; 5273 in Kisumu; 4964 in
Homa Bay; 4802 in Migori; 1135 in Kisii; and 337 in Nyamira.

2.3 | Target populations for PrEP scale-up

Scenarios of PrEP rollout were modelled by increasing the
numbers of individuals on PrEP in four target populations: (1)
adolescents and adults ages 15 to 29 living in areas with HIV
prevalence exceeding 10%, which for western Kenya were
Homa Bay, Siaya, Kisumu and Migori Counties; (2) adolescent
girls and young women (AGYW) ages 15 to 24 living in coun-
ties with HIV prevalence exceeding 10%; (3) higher-risk
AGYW, defined as female sex workers and women likely to
have multiple sex partners in all counties, (4) and higher-risk
males, defined as males in the high-incidence age group of 20
to 29 years who are clients of sex workers or likely to have
multiple sex partners in all counties. Risk of multiple sex part-
ners was modelled as a propensity to acquire multiple
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simultaneous sex partners within the sexual network – with
partner acquisition rates varying by age according to the matrix
of age-dependent assortativity – as well as a three-fold higher
risk of co-infection with a sexually transmitted infection.

2.4 | PrEP cascade steps

Previously published conceptual frameworks of the prevention
cascade [9-11] have considered numerous potential steps of
the HIV prevention cascade. To simplify the analysis given the
paucity of data on individual steps, our analysis consolidates
the proposed frameworks into four steps that they share in
common: uptake, adherence, retention, and re-engagement
(Figure 1). To parameterize each step, we reviewed current
and ongoing PrEP implementation and demonstration projects
referenced in review articles [8,30-32] and tabulated by the
AIDS Vaccine Advocacy Coalition [33]. Of the 108 PrEP stud-
ies globally, 43 had at least one site in sub-Saharan Africa and
15 were completed as of April 2019. Published results from
these studies were used to inform composite model assump-
tions of three potential prevention cascades: (1) currently
available oral PrEP implementation (“oral conventional”), (2)
future innovation in PrEP implementation strategies (“oral
innovative”), and (3) new long-acting PrEP products (“long-act-
ing”).

2.5 | PrEP cascade parameterization

Assumptions regarding each step of the three PrEP cascades
are summarized in Table 1. To represent the PrEP cascade
achievable with currently available methods of oral PrEP deliv-
ery (“oral conventional”), we drew on existing data and cover-
age targets. For uptake, we used the World Health
Organization (WHO) target of 10% coverage by 2020 of high-
risk populations, defined as young people in high-prevalence
settings and key populations in all settings [34]. This target is
consistent with the achieved coverage in PrEP scale-up pro-
jects in sub-Saharan Africa [35,36]. Uptake in the model is

defined as the proportion of individuals initiating PrEP annu-
ally.
To represent how ongoing oral implementation research

can improve the PrEP cascade (“oral innovative”), we used
results from a study conducted in Uganda which found that
both uptake and retention on PrEP were three-fold higher
among users who resided within two kilometres of a PrEP-dis-
pensing clinic, after adjusting for other factors [38]. We
assumed that innovations to overcome barriers to PrEP
uptake and continuation could raise uptake three-fold to 30%.
Our optimistic assumptions about long-acting PrEP assumed
even higher uptake of 50% based on user preference research
in western Kenya [40], while pessimistic assumptions assumed
an uptake of 10%, the same as the WHO target for conven-
tional oral PrEP.
Adherence patterns for daily oral PrEP are highly variable

and have a strong correlation with PrEP efficacy. A meta-
analysis of five clinical trials of oral PrEP in women in esti-
mated an efficacy of 36% across all study participants, and
61% for participants with high adherence (defined as having
detectable levels of PrEP drugs in 75% of blood samples) [37].
In the western Kenya setting, a study estimated far higher
PrEP efficacy of 75% [5]. Therefore, we examined as pes-
simistic assumptions an adherence-driven efficacy of 36% for
conventional PrEP and 61% for PrEP with innovative imple-
mentation, and an optimistic assumption of 75% efficacy for
both conventional and innovative PrEP implementation. Since
long-acting PrEP is independent of user adherence to daily
pills (but rather reliant on continued clinical care) we assumed
efficacy for long-acting PrEP was 95%, the same level as the
upper limit scenario.
Retention has been a significant challenge in PrEP imple-

mentation. Among AGYW ages 15 to 29 initiating PrEP in
Kenya, only 5% remained on PrEP after ten months [39]. In a
large prevention project in Kenya and Uganda, the average
duration of PrEP use was three months [35,38]. Therefore, we
assumed a three-month retention period on PrEP. Drawing on
the study of PrEP users living close to PrEP-dispensing clinics,

Figure 1. Diagram of the prevention cascade added to the EMOD-HIV model. PrEP, pre-exposure prophylaxis
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we assumed that the mean duration on PrEP could be tripled,
from three months to nine months, through innovative imple-
mentation [38].
We did not find evidence to inform the fourth step of the

prevention cascade: re-engagement of clients who have discon-
tinued PrEP. Therefore, two model scenarios were compared:
one in which users who discontinued PrEP would not re-initiate
PrEP, and one in which PrEP re-initiation after discontinuation
occurs at the same rate as for other PrEP-eligible individuals.
For each cascade step, the attenuation in PrEP impact was

estimated as number of infections averted at the population
level – including among those not on PrEP – relative to a base-
line scenario in which PrEP usage increased at a steady rate
based on 2019 levels. In lieu of annual discounting of impact,
which is commonly performed in cost-effectiveness analyses,
we instead used more interpretable undiscounted time hori-
zons of 5, 10, 20 and 30 years ending in 2025, 2030, 2040
and 2050 respectively with all analyses beginning in 2020.

2.6 | Timelines for PrEP rollout

For oral innovative PrEP, we assumed that optimized strategies
for PrEP delivery would be identified by 2021, based on pro-
jected completion dates of ongoing implementation studies. To
account for the time required to implement new evidence-
based strategies, we assumed innovative PrEP rollout ramped
up in a linear fashion from 2021 to 2023. For long-acting PrEP,
an ongoing clinical trial to measure efficacy among women in
sub-Saharan Africa has an estimated completion date of May
2022 [41]. We assumed the most optimistic rollout would
begin in 2023 with a two-year ramp up until 2025. This rapid
timeline for long-acting PrEP was taken as an upper limit, and
we compared how impact might diminish if long-acting PrEP
availability were delayed until 2025, 2027 or 2029.

3 | RESULTS

The early PrEP rollout in western Kenya has already averted
approximately 100 HIV infections annually, as shown in

Figure 2. In a conservative projection that assumes no further
expansion of PrEP beyond 2019 levels (approximately 25,000
users annually, each using PrEP for an average of three
months), maintaining status quo PrEP availability could avert
2000 HIV infections in western Kenya by 2050.
Impact along the cascades diminished greatly due to com-

pounding declines along each cascade step, under both pes-
simistic and optimistic assumptions about uptake and
adherence (Figure 3). Although the model captured knock-on
effects of PrEP averting infections in the community, the over-
all prevention cascades were approximately proportional to
the assumed reduction in uptake, adherence and annual reten-
tion, and dropped off considerably if those who previously dis-
engaged from PrEP were unwilling to re-initiate PrEP in the
future.
Assuming those who discontinue PrEP could re-initiate as

often as annually, the end-to-end prevention cascades for con-
ventional oral PrEP, innovative delivery of oral PrEP, and long-
acting PrEP had a drop-off in infections averted of 98.5%,
90.4% and 95.9% respectively under pessimistic assumptions,
and 96.5%, 89.8% and 78.6% respectively under optimistic
assumptions. Assuming those who discontinue PrEP are
unwilling to re-initiate PrEP, the drop-off in impact was >98%
all cascades except for the long-acting PrEP cascade under
optimistic assumptions, where it was 96.6%.
The decline in impact along PrEP cascades was not sensitive

to the target population receiving PrEP Figure S1 among the
four populations tested: youth ages 15 to 29 in counties with
>10% HIV prevalence, adolescent and young women ages 15
to 24 in counties with >10% HIV prevalence; sex workers and
high-risk women in all counties; or sex worker clients and
higher-risk men in all counties.
The time horizon of analysis substantially influenced the rel-

ative impact among the three prevention cascades Figure 4.
In particular, optimism about the possible uptake of long-
acting PrEP was offset by the delay in its availability and time
required to ramp up coverage, so that an optimistic long-
acting PrEP cascade was only distinguished itself from oral
PrEP cascades over time horizons of ten or more years.
The timeline for rollout of long-acting PrEP in sub-Saharan

Africa is uncertain. We examined how delayed rollout, relative
to the optimistic timeline of a 2023 launch with a linear ramp-
up through 2025, would diminish the impact of long-acting
PrEP under optimistic assumptions (Figure 5). As expected, a
product launch later than 2025 provides no opportunity for
impact over the 2020 to 2025 period and would greatly
diminish impact over a 10-year time horizon. However, exam-
ined over longer time horizons of 20 or 30 years, long-acting
PrEP would out-perform oral PrEP under optimistic assump-
tions.

4 | DISCUSSION

Analogous to the care cascade for HIV treatment, we exam-
ined the use of an HIV prevention cascade to evaluate how
different steps compound to influence population-level impact
of PrEP in terms of HIV infections averted. We found that the
population-level impact of PrEP diminishes considerably across
the cascade of prevention. For oral PrEP, the largest drop-off
in PrEP impact occurred from limited uptake. Even with

Table 1. Prevention cascade model scenarios, assumptions and

ranges used in sensitivity analysis

Cascade Step Assumption Sources

Conventional

oral PrEP

Uptake 10% [34–36]

Adherence 36% to 75% [5,37]

Retention 3 months [35,38,39]

Reengagement 0% to 100% No available data

Innovative

delivery of

oral PrEP

Uptake 30% [38]

Adherence 61% to 75% [5,37]

Retention 9 months [35,38,39]

Reengagement 0% to 100% No available data

Long-acting

PrEP

Uptake 10% to 50% [40]

Adherence 95% [40]

Retention 9 months [35,38,39]

Reengagement 0% to 100% No available data

PrEP, pre-exposure prophylaxis.
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optimistic assumptions about the impact of implementation
innovations, uptake remained the greatest drop-off in the oral
PrEP cascade. For long-acting PrEP, it is not known whether
uptake will be limited to levels similar to that of oral PrEP as
the main limiting factor. Under optimistic assumptions about
uptake, the main limiting factor for long-acting PrEP would be
retention.
With the exception of long-acting PrEP under optimistic

assumptions about uptake, all other cascades caused a dimin-
ishing of >98% of impact after aggregating the compounding

effects of each step of the cascades. Long-acting PrEP, under
optimistic assumptions about uptake and re-engagement, still
lost a substantial 78.6% of its impact long the cascade, high-
lighting the formidable challenge of compounding steps in pre-
vention cascades even in the best of circumstances.
Introduction of long-acting PrEP could enable a shift of

resources from adherence-focused interventions to ones that
maximize retention and re-engagement. Such interventions
might address support from intimate partners, perception of
HIV risk, reducing and coping with stigma, and prioritization

Figure 2. Infections averted by oral PrEP used at current levels in western Kenya. PrEP use was simulated for the six counties of Nyanza using
estimates from PrEPWatch, and stratified at the county level using data from PEPFAR. As a conservative assumption, this analysis assumed a con-
tinued rate of 25,000 annual PrEP users in Nyanza, just above the 24,274 users estimated for 2019. Impact is estimated at the population, so
that estimates include averted infections in PrEP users as well as averted infections among individuals in the sexual network of PrEP users. Impact
is modest because western Kenya is still early in the process of PrEP roll-out. PrEP, pre-exposure prophylaxis; PEPFAR: president's emergency
plan for AIDS relief

Figure 3. Percentage of infections averted along prevention cascades with pessimistic and optimistic assumptions. Arrows show absolute
percentage decrease relative to the previous step of the cascade. Prevention cascades are shown for conventional implementation of oral PrEP
(blue), innovative implementation of oral PrEP (green), and long-acting PrEP (orange) in western Kenya, under assumptions described in Table 1.
The population receiving PrEP is men and women ages 15 to 29 in counties with HIV prevalence exceeding 10% (Homa Bay, Siaya, Kisumu, and
Migori). Infections averted are calculated for the entire population, including those not on PrEP. PrEP, pre-exposure prophylaxis
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of PrEP among competing priorities of providers and users
[42,43]. In addition, the impact of long-acting PrEP was highly
sensitive to assumptions about re-engagement after PrEP
interruption. The current evidence gap about willingness to
re-engage in PrEP will be especially critical to address for
long-acting PrEP.
Our study has several important limitations. Evidence about

the cascades of prevention, especially the “oral innovative” and
“long-acting” PrEP cascades that have not yet been imple-
mented, is limited to extrapolation from studies of oral con-
ventional PrEP. We encountered the greatest evidence gaps
for the final step of re-engagement of those who have

discontinued PrEP. In light of uncertainty, we modelled several
possible long-acting PrEP launch dates (2023, 2025, 2027 and
2029). Although 2029 is likely pessimistic since oral PrEP has
improved readiness to adopt long-acting PrEP, it is possible
that unexpected challenges could arise from trial results, regu-
latory approval, supply or other prerequisites to the launch of
long-acting PrEP in Africa. Our analysis should be revisited as
new information becomes available regarding the likely time-
line of long-acting PrEP rollout.
Owing to the paucity of data on prevention cascades, our

analysis consolidated more detailed frameworks for preven-
tion cascades into just a small number of cascade steps that

Figure 4. Percentage of infections averted along prevention cascades over different time horizons of analysis. Arrows show absolute percent-
age decrease relative to the previous step of the cascade. Prevention cascades for conventional implementation of oral PrEP (blue), innovative
implementation of oral PrEP (green), and long-acting PrEP (orange) in western Kenya were organized into the uptake, adherence, retention and
re-initiation of those at risk who have discontinued PrEP. The population receiving PrEP is men and women ages 15 to 29 in counties with HIV
prevalence exceeding 10%. Infections averted is calculated for the entire population, including those not on PrEP. Infections averted are cumula-
tive over time horizons of 2020 to 2025 (top left), 2020 to 2030 (top right), 2020 to 2040 (bottom left) and 2020 to 2050 (bottom right). PrEP,
pre-exposure prophylaxis
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those frameworks share in common. Expanding evidence
about HIV prevention cascades may allow future analyses to
disaggregate steps of the cascade that have been consolidated
in this analysis. Future analyses could also leverage findings
about integration of PrEP into existing HIV and non-HIV ser-
vices, for example, whether PrEP availability influences rates
of HIV testing, thus conferring additional benefits by support-
ing prompt HIV diagnosis.
There is a lack of empiric data on the overlap between HIV

risk and the cascade of prevention, especially in terms of risk-
driven patterns of discontinuation and re-engagement. Given
evidence of logistical barriers to oral conventional PrEP reten-
tion and adherence, we conservatively assumed that adher-
ence, retention, and re-engagement occurred independently of
time periods of risky behaviour. Qualitative research suggests

that users have intentions to discontinue PrEP when HIV risk
is lower, and re-engage when risk is higher [44]. There is a
negative association between PrEP use and psychosocial fac-
tors such as stigma and depression, which may increase HIV
risk and reduce protective behaviours other than PrEP use
[45]. To the extent that PrEP engagement may have a net
positive correlation with HIV risk, our conservative assump-
tions overestimate the fall-off in impact across the prevention
cascade.
Although our analysis attempts to leverage early results

from PrEP implementation studies, a majority of global PrEP
implementation studies are still ongoing. In addition, current
users of PrEP may be biased toward “early adopters” and may
not be representative of the population targeted to receive
PrEP. Our analysis may necessitate revisiting if new future

Figure 5. Percentage of infections averted along prevention cascades for long-acting PrEP for different timelines of product rollout and dif-
ferent time horizons of analysis. Adherence is not included in the depicted cascades; return for injections is subsumed into the retention step of
the cascade. The target group is adults 15 to 29 in counties with prevalence above 10%. Infections averted are cumulative over time horizons of
2020 to 2025 (top left), 2020 to 2030 (top right), 2020 to 2040 (bottom left) and 2020 to 2050 (bottom right). PrEP, pre-exposure prophylaxis
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implementation science exposes different PrEP cascade
parameters compared to early evidence.
Finally, our model used simple demographic criteria (age, sex

and geographic location) along with general stratification of
HIV risk (sex work, multiple sex partners and STI co-infection
rates) to determine the populations targeted for PrEP. Future,
more detailed modelling should be coupled with emerging evi-
dence on the characteristics of those to whom PrEP is offered
at scale. Such characteristics could include having a recent sex-
ually transmitted infection; beliefs about a partner’s HIV status
or viral suppression status; or other behavioural, biological or
demographic indicators of HIV risk. Because the cascade analy-
sis exhibited little sensitivity to the target group, we expect
that additional details on the target group are unlikely to sub-
stantially change the proportional fall-off of impact along the
cascade of prevention, but the characteristics would be impor-
tant for estimating the absolute magnitude of impact. Addition-
ally, fall-off along the prevention cascade could depend on the
specific sub-population or reason for PrEP initiation – an inter-
dependence that our analysis did not capture.
Our analysis provides insight into the most important steps

in the cascade of prevention, as well as the overall attenuation
of impact when the steps of the cascade are combined. Guided
by conceptual frameworks for prevention cascades, such mod-
elling can integrate emerging evidence in order to help guide
priorities for implementation science and product development.

5 | CONCLUSIONS

Implementation challenges along the prevention cascade com-
pound to diminish the population-level impact of PrEP. Even
after accounting for the delay in long-acting PrEP availability
in terms of HIV infections that will occur prior to rollout,
long-acting PrEP nonetheless exhibited the best-performing
prevention cascade over a 20- or 30-year time horizon. Our
analysis projects that uptake will constitute the largest step-
down in impact along the “oral conventional” and “oral innova-
tive” PrEP cascades. For long-acting PrEP, our analysis sug-
gests that the greatest limitations on impact will be caused by
product availability timelines in the short term, and retention
in the long term. To maximize the impact of long-acting PrEP,
ensuring timely product approval and rollout is essential in
the short term. In the long term, implementation research
should focus on retention and re-engagement of users.
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Figure S1. Percentage of infections averted along prevention
cascades for different target groups receiving PrEP in western
Kenya. Arrows show absolute percentage decrease relative to
the previous step of the cascade. Cascades are shown for the
target group of adults age 15 to 29 in the four counties with
HIV prevalence exceeding 10% (top left), AGYW ages 15 to
24 in the four counties with HIV prevalence exceeding 10%
(top right), higher-risk men in all counties, including clients of
sex workers and those at risk of having multiple sex partners
or participation in transactional sex (bottom left), and higher-
risk women in all counties, including sex workers and those at
risk of multiple sex partners or participation in transactional
sex (bottom right). All scenarios use a 20-year time horizon
over 2020 to 2040.
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Abstract
Introduction: Although transgender women (trans women) often are conflated with men who have sex with men (MSM) in
HIV research and services, there are distinct population differences that are important for implementing effective HIV preven-
tion. Our objective was to examine pre-exposure prophylaxis (PrEP) disparities between the two populations and compare indi-
vidual, social and structural factors that influence differences between MSM and trans women along the PrEP continuum.
Methods: We analysed data from two population-based studies, one with trans women (Trans*National Study, 2016 - 18) and
the other with MSM (National HIV Behavioral Surveillance, 2017). Trans women were recruited via respondent-driven sam-
pling and MSM using time location sampling. Key indicators of the PrEP continuum were evaluated, including awareness,
health insurance, provider discussions, recent use and adherence. Associations were also examined for PrEP continuum indica-
tors and structural barriers (e.g. employment, homelessness).
Results: Transwomen were more likely than MSM to be Latino/a (30.4% vs. 25.8%; prevalence ratio (PR)=1.08, 95% CI 1.02 to
1.14) or African American (7.1% vs. 4.5%; PR = 1.12, 1.02 to 1.24), live at or below the poverty limit (70.7% vs. 15.8%; PR = 1.47;
1.41 to 1.53), be unemployed (50.1% vs. 26.3%; PR = 1.18, 1.13 to 1.24), be homeless (8.4% vs. 3.5%; PR = 1.15, 1.06 to 1.25)
and to have less than a college degree (39.6% vs. 10.5%, PR = 1.41, 1.34 to 1.48). Trans women were more likely than MSM
to have health insurance (95.7% vs. 89.7%, PR = 1.17, 1.06 to 1.28), but less likely than MSM to have heard of PrEP (79.1% vs.
96.7%; PR = 0.77, 0.73 to 0.81), talked with a provider about PrEP (35.5% vs. 54.9%; PR = 0.87, 0.83 to 0.91) and less likely than
MSM to have used PrEP in the past six months (14.6% vs. 39.8%; PR = 0.80, 0.76 to 0.84). Among PrEP users, trans women were
less likely to report being adherent to PrEP than MSM (70.4% vs. 87.4%; PR = 0.80, 0.70 to 0.91).
Conclusions: We found PrEP disparities for trans women compared to MSM and the need for differentiated implementation
strategies to meet the specific PrEP barriers trans women face. Inclusion of trans women’s HIV risks is needed in CDC guid-
ance for PrEP. Interventions to increase trans women’s awareness of PrEP including at the provider and community level are
also needed. Finally, programming that addresses trans women’s barriers to housing and income is also needed to reduce PrEP
disparities.

Keywords: transgender women; HIV; pre-exposure prophylaxis; PrEP; disparities

Received 27 September 2019; Accepted 8 May 2020
Copyright © 2020 The Authors. Journal of the International AIDS Society published by John Wiley & Sons Ltd on behalf of the International AIDS Society.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

1 | INTRODUCTION

In San Francisco, men who have sex with men (MSM) and
transgender women (trans women) comprised 84% of new
HIV diagnoses in 2015. There has been a significant decline in
new HIV infections among MSM, but new infections among
trans women remain persistently high [1,2]. Data from popula-
tion-based behavioural surveillance studies found that almost
half (39%) of trans women may be living with HIV in San Fran-
cisco compared to a quarter of cisgender MSM (26.3%) [3,4].
Meanwhile, pre-exposure prophylaxis (PrEP) awareness and

use are increasing among MSM in the United States (US)
[5,6] and in San Francisco [7]. Yet data from San Francisco
showed that only 14% of 233 trans women were aware of
PrEP one year after FDA approval, and little data points to
improvements.
Although trans women often are conflated with MSM in

HIV research and services [8], there are distinct differences
between these two populations that are important for effec-
tive HIV prevention. For example, trans women face a number
of unique barriers that can impact PrEP engagement, including
concerns about side effects and the effect of PrEP and
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gender-affirming hormones [9], substance use and mental
health issues [10,11], incarceration [12], lack of social support
[10], trauma/violence [11,13], family rejection [14], HIV stigma
[15], anti-trans stigma [16,17], economic vulnerability [18]
and housing instability [19,20]. Distrust of medical institutions
and lack of access to trans-friendly providers are also signifi-
cant barriers to engaging trans people in prevention services
[21]. San Francisco is unique in that it has numerous trans-
specific health clinics and providers; yet trans women still face
barriers to health care, including prior anti-trans discrimina-
tory experiences in healthcare settings, limitations in protocols
to meet their healthcare needs and difficulties with sexual and
drug use disclosure tied to their immigration status and/or sex
work engagement [22-24]. Also, some trans women may be
concerned about the impact of PrEP on hormone therapy or
be worried that hormones reduces the efficacy of PrEP [25].
Data-driven approaches to HIV prevention can identify gaps

in the PrEP continuum and highlight intervention targets. We
compared the PrEP continuum between MSM and trans
women in San Francisco to determine if there are disparities
in PrEP awareness, provider discussions, use and adherence.
We also explored the individual, social and structural factors
that influenced differences between MSM and trans women
along the PrEP continuum using two population-based studies.
Both studies were conducted in San Francisco in overlapping
periods of time with the similar recruitment and PrEP indica-
tors. Poisson binomial regression was used to compare preva-
lence of PrEP continuum outcomes between populations in
general and based on PrEP eligibility per CDC guidelines.
Findings from this analysis will inform data-driven efforts to
address disparities in PrEP and differentiate PrEP delivery for
trans women in San Francisco.

2 | METHODS

We conducted a secondary analysis of data from population-
based studies of HIV-uninfected trans women enrolled in the
Trans*National Study (June 2016 to March 2018) and HIV-unin-
fected MSM enrolled in the local National HIV Behavioral
Surveillance (NHBS) MSM cycle (August to December 2017).
Study recruitment and enrolment methods for both studies are
described elsewhere [18,26]. Briefly, Trans*National is a popula-
tion-based cohort study of HIV incidence among trans women in
the San Francisco Bay Area. Trans women were recruited using
respondent-driven sampling. Participants age 18 years old and
older who identified as a gender other than man who were male
sex assigned at birth were eligible to participate. NHBS was a
population-based, cross-sectional study of MSM in San Francisco
recruited using time location sampling. Participants who were
age 18 years or older and ever had sex with another man were
eligible to participate. Data for NHBS were collected between
August and December of 2017. Both studies included English
and Spanish-speaking participants. All participants provided writ-
ten informed consent for the survey and HIV testing. Ethical
approval for human subjects was obtained by the Human
Research Protection Program (HRPP) at the University of Cali-
fornia San Francisco.

2.1 | Measures

Baseline participant demographics were assessed and com-
pared for Trans*National and NHBS participants. Age was a
continuous variable, defined as participants’ year of age at the
time of taking the baseline survey. Race/ethnicity was an indi-
cator variable of participants’ self-reported racial/ethnic identi-
ties. Categories were defined according to Office of
Management and Budget standards [27] and further collapsed
into the following categories: Black or African American (non-
Hispanic or Latino/a), Latino/a or Hispanic, Other (non-His-
panic or Latino/a Asian, American Indian/Alaska Native, Native
Hawaiian or other Pacific Islander, Other or multiracial) and
White (non-Hispanic or Latino/a). Education level was catego-
rized as possession of a high school degree, general education
diploma or GED (i.e. a high school equivalency diploma for
people who did not finish secondary education) or less versus
having some college versus having a college degree or more.
Participants provided their annual income. We re-coded
income as below the poverty line (US $25,000), at or above
the poverty line, or unknown based on the extremely low-
income limit for affordable housing programmes in San Fran-
cisco [28]. Employment was dichotomized as either employed
or unemployed. We also described and compared the preva-
lence of homelessness (i.e. living on the street or in a shelter,
including living in a single room occupancy for the NHBS
MSM cycle) and history of incarceration. We also examined
healthcare access among participants in Trans*National and
NHBS. We assessed whether participants saw a healthcare
provider in the last 12 months, whether they currently had
health insurance, and the type of insurance they possessed
(public, private or a combination of public and private insur-
ances). Sexual behaviours were also compared for trans
women and MSM. Specifically, we examined number of con-
domless anal intercourse partners in the last six months, and
the percent of participants’ HIV-uninfected sexual partners
who were on PrEP.
PrEP awareness was measured by asking participants, “Have

you heard of PrEP before today?” Having talked to a provider
about PrEP was asked as, “Have you discussed PrEP with your
primary healthcare provider in the last 12 months?” PrEP use
was considered having taken PrEP within the last six months.
PrEP adherence was measured differently in each study. For
Trans*National, we asked, “In the last seven days, how many
days did you miss a dose of PrEP?,” and in NHBS we used, “In
the last 30 days, have you taken PrEP every day, almost every
day, or less often?” Being adherent to PrEP was defined as
having taken PrEP at least four times in the past week
(Trans*National) or every day or almost every day (NHBS), a
level of pill-taking associated with high levels of protection
from HIV in prior studies [29,30]. In Trans*National, PrEP
awareness and ever having used PrEP was assessed at base-
line, whereas data on having ever talked to a provider about
PrEP and PrEP adherence were assessed at the six-month
follow-up assessment; for NHBS, these questions were asked
at the one-time survey visit. PrEP candidacy also measured
based on CDC guidelines for MSM because there are no
trans-specific guidelines [31].
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2.2 | Data analysis

The present analysis was restricted to trans women and MSM
who were not living with HIV. Our Trans*National data set is a
combination of socio-demographics and structural factors
assessed at baseline, and PrEP indicators assessed at baseline
and six months. Only trans women not living with HIV who com-
pleted every item measured for this analysis in their baseline and
six-month follow-up assessment were included. Out of 428 HIV-
negative participants at baseline, we retained 369 (86%) trans
women who had completed their six-month assessments. Of the
497 MSM in NHBS who provided self-report of their HIV status,
399 MSM were included once we restricted to HIV-negative
participants. We concatenated the MSM and trans women data
sets, and adjusted for MSM versus trans women as an exposure
variable in the comparison of outcomes.
First, we characterized the study samples by comparing

socio-demographics and health care access among trans
women and MSM using prevalence ratios (PRs) estimated
from bivariable Poisson binomial regression models. Then, key
steps of the PrEP continuum were evaluated using all data
available within the restricted Trans*National (n = 369) and
NHBS (n = 399) databases. These steps included PrEP aware-
ness, discussing PrEP with a provider, PrEP use in the past six
months and taking PrEP daily/almost daily (NHBS) or ≥4 times
in the past week (Trans*National). Differences in PrEP contin-
uum steps for trans women compared to MSM were also esti-
mated with bivariable Poisson binomial regression models
adjusting for race/ethnicity and homelessness, given the a pri-
ori differences hypothesized in study selection and PrEP out-
comes by these factors for trans women compared to MSM.
Controlling for race/ethnicity and homelessness was done to
allow for an unbiased comparison between these two groups
(i.e. MSM and trans women) given the differences in race/eth-
nicity diversity and homelessness and the importance of these
factors on risk, especially for trans women [18,32].
Key steps in the PrEP continuum were also calculated

among MSM and trans women considered candidates for
PrEP based on CDC criteria [31], including: (1) being 18 years
of age or older, (2) being HIV-negative, (3) having any male
sex partners in the last six months and (4) having a
non-monogamous HIV-negative male partner and having con-
domless anal intercourse or having an STD or having an
HIV-positive primary partner. Prevalence ratios from Poisson
binomial regression were used to compare prevalence of PrEP
continuum outcomes for PrEP candidates who were trans
women versus MSM.

3 | RESULTS

3.1 | Differences in socio-demographics and health
care access between trans women and MSM

Trans women were significantly more likely than MSM to be
Latino/a (30.4% vs. 25.8%; prevalence ratio [PR] = 1.08, 95%
CI 1.01 to 1.14) or African American (7.1% vs. 4.5%;
PR = 1.12, 1.02 to 1.24) than white (see Table 1). Trans
women were significantly more likely than MSM to be living
at or below the poverty level (70.7% vs. 15.8%; PR = 1.47;
1.41 to 1.53), unemployed (50% vs. 26%; PR = 1.18, 1.13 to
1.24) and homeless (8.4% vs. 3.5%; PR = 1.15, 1.06 to 1.25),

and trans women were more likely to have ever been incar-
cerated than MSM (52.6% vs. 15.3%; PR = 1.31, 1.26 to
1.37). Trans women were also significantly more likely than
MSM to have less than a college degree (PR = 1.41 for a high
school degree or GED, and PR = 1.27 for some college or a
technical degree).
In terms of health care, trans women were significantly

more likely than MSM to have health insurance (95.7% vs.
89.7%, PR = 1.17, 1.06 to 1.28) and to have public rather
than private health insurance (64.8% vs. 21.8%, PR = 1.35,
1.23 to 1.49), but significantly less likely than MSM to have
seen a healthcare provider in the last 12 months (86.9% vs.
92.5%, PR = 0.91, 0.85 to 0.98).

3.2 | PrEP continuum among trans women
compared to MSM overall

Trans women reported significant disparities along the PrEP
continuum compared to MSM (see Figure 1). Significantly
fewer trans women than MSM were aware of PrEP (292/
369 = 79.1% vs. 386/399 = 96.7%, aPR = 0.83, 0.77 to 0.88,
p < 0.01), had used PrEP within the last six months (54/
369 = 14.6% vs. 159/399 = 39.9%, PR = 0.36, 0.28 to 0.47,
p < 0.01), talked with a provider about PrEP (131/
369 = 35.5% vs. 219/399 = 54.9%; PR = 0.62, 0.53 to 0.73,
p < 0.01). Among the 54 trans women and 159 MSM PrEP
users, trans women were less likely to report being adherent
to PrEP (70.4% vs. 87.4%; PR = 0.82, 0.68 to 0.99, p = 0.04).

3.3 | PrEP candidacy for trans women and MSM

Over one-half of MSM in our data set would be considered PrEP
candidates based on CDC criteria (212/399, 53.1%), but only
15.7% of trans women (58/369) would have been considered
candidates. Based on CDC guidelines, significantly fewer trans
women would be PrEP candidates due to fewer trans women
than MSM reporting any male sexual partners in the last six
months (157/369 = 42.5% vs. 277/369 = 69.4%, p < 0.01).
Similarly, fewer trans women compared with MSM reported hav-
ing one or more PrEP candidacy criteria (non-monogamous sex
with a HIV-negative male partner and condomless anal inter-
course; having a sexually transmitted disease; or having a primary
partner who was living with HIV) (15.7% vs. 53.1%, p < 0.01).

3.4 | PrEP continuums among trans women and
MSM candidates based on CDC criteria

Figure 1 depicts the PrEP continuum for MSM from the over-
all sample and from the PrEP-eligible sample; Figure 2 accom-
plishes this for trans women from the overall sample and from
the PrEP-eligible sample. Of MSM PrEP candidates, 98.6%
(209/212) were aware of PrEP, 69.3% (147/212) had talked
with a provider about PrEP, 56.1% (119/212) had used PrEP
in the last six months and 91.6% (109/119) of PrEP users
reported being adherent to PrEP. Of trans women candidates,
87.9% (51/58) were aware of PrEP, 56.9% (33/58) had talked
with their provider about PrEP, 25.9% (15/58) had used PrEP
in the last six months and 60.0% (9/15) of PrEP users
reported being adherent to PrEP. When comparing trans
women and MSM candidates, there were significantly fewer
trans women candidates aware of PrEP than MSM (87.9% vs.
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Table 1. Participant characteristics for MSM in NHBS and trans women in Trans*National

MSM Trans women Bivariable comparison

N % N % PR 95% CI

Total 399 100.00 369 100.00

Demographic

Age (years), Median & IQR 36 29 to 49 37 27 to 51 1.00 1.00 to 1.00

Race/ethnicity

White 205 51.4 145 39.3 Ref

Black or African American 18 4.5 26 7.1 1.12 1.02 to 1.24*

Hispanic/Latino/a 103 25.8 112 30.4 1.08 1.02 to 1.14*

Other 72 18.1 86 23.3 1.09 1.03 to 1.16**

Education

Some college/technical degree 83 20.8 127 34.4 1.27 1.21 to 1.35**

College degree and above 274 68.7 96 26.0 Ref

HS/GED or less 42 10.5 146 39.6 1.41 1.34 to 1.48**

Annual income

Above poverty limit 335 84.0 99 26.8 Ref

At or below poverty limit 63 15.8 261 70.7 1.47 1.41 to 1.53**

Employed

No 105 26.3 185 50.1 1.18 1.13 to 1.24**

Yes 294 73.7 184 49.9 Ref

Currently homeless

No 385 96.5 338 91.6 Ref

Yes 14 3.5 31 8.4 1.15 1.06 to 1.25**

Ever incarcerated

No 337 84.5 175 47.4 Ref

Yes 61 15.3 194 52.6 1.31 1.26 to 1.37**

Health care

Saw a healthcare provider in the last 12 months

No 30 7.5 46 12.5 Ref

Yes 369 92.5 321 87.0 0.91 0.85 to 0.98*

Currently has health insurance

No 41 10.3 16 4.3 Ref

Yes 358 89.7 353 95.7 1.17 1.06 to 1.28**

Insurance type

None 41 10.3 16 4.3 Ref

Public 87 21.8 239 64.8 1.35 1.23 to 1.49**

Private 258 64.7 100 27.1 1.00 0.91 to 1.10

Public + private 13 3.3 6 1.6 1.03 0.86 to 1.23

Sexual behaviours & health outcomes

# condomless anal intercourse partners, last six months

Median and IQR

1 0 to 2 0 0 to 0 0.88 0.86 to 0.89**

Percent of HIV-uninfected partners on PrEP

0 152 38.1 191 51.8 Ref

(0, 25] 36 9.0 7 1.9 0.75 0.68 to 0.83**

(25, 50] 50 12.5 4 1.1 0.69 0.64 to 0.74**

(50, 75] 40 10.0 1 0.3 0.66 0.62 to 0.70**

(75, 100] 42 10.5 6 1.6 0.72 0.66 to 0.79**

No uninfected partner 79 19.8 160 43.4 1.07 1.02 to 1.1388

Percentages column-calculated out of total sample (n = 399 for NHBS; n = 369 for T 9 N). CI, 95% confidence interval; PR, crude prevalence
ratio from Poisson binomial regression comparing prevalence of PrEP continuum steps for trans women to that for MSM; Ref, reference group.
*p < 0.05.
**p < 0.01. MSM: men who have sex with men; HS: high school; GED: General Educational Development; PrEP: pre-exposure prophylaxis; NHBS:
National HIV Behavioral Surveillance
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98.6%, aPR = 0.90, CI = 0.81 to 0.99, p = 0.04), and signifi-
cantly fewer trans women than MSM candidates who had
used PrEP (25.9% vs. 56.1%) in the last six months
(aPR = 0.50, CI = 0.31 to 0.78, p < 0.01) after adjusting for
race/ethnicity and homelessness. There were no significant
adjusted differences in the prevalence of trans women vs.
MSM who had spoken to their provider about PrEP (56.9%
vs. 69.3%, aPR = 0.85, CI-.66 to 1.09, p = 0.19) or of being
adherent to PrEP if taking it (60% vs. 91.6%, aPR = 0.79,
CI = 0.58 to 1.08, p = 0.14).

4 | DISCUSSION

Our data point to marked disparities in the PrEP continuum
for trans women compared to MSM in San Francisco. Data on
lower awareness among trans women are consistent with
other local research showing that trans women did not believe
PrEP was for them because PrEP social marketing campaigns

initially focused exclusively on MSM in San Francisco [8]. Con-
versely, a PrEP campaign inclusive of trans women in Chicago,
Illinois did not find differences in awareness between MSM
and trans women [33]. Low reporting of trans women’s partici-
pation in efficacy trials may have also impacted the commu-
nity’s awareness of PrEP [34].
Provider willingness to prescribe and healthcare avoidance

due to stigma may have presented additional barriers to
awareness and uptake of PrEP among trans women. Research
finds that providers support the provision of PrEP as a HIV
prevention public health intervention, but knowledge, accep-
tance and willingness to prescribe it has been limited [35].
Many providers also do not offer PrEP in the course of their
clinical practice [36]. Lower education was also found among
trans women in our study compared to MSM, which may have
impacted trans women’s health literacy and power to engage
in a discussion with providers about PrEP [37]. Trans women
in our study were also less likely than MSM to have seen a
health care provider in the last year, despite having higher
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levels of health insurance. Studies have found that trans
women face considerable stigma from medical providers,
which may cause healthcare avoidance [38,39]. Discrimination
from HIV care providers created reluctance of African Ameri-
can trans women in one study to see their doctor [40].
Healthcare avoidance may have also been precipitated by fear
of disclosing trans identity, lack of cultural competence by pro-
viders or structural barriers like transportation costs [41,42].
Trans women may also have avoided asking for PrEP because
of discomfort discussing sexual and drug use behaviours with
their primary care providers [37]. Provider barriers and
healthcare avoidance among trans women are an important
focus of efforts to better engage trans women in PrEP.
Although the two data sets are different for MSM and trans

women, they each point to factors that influenced PrEP
awareness, access and uptake for the respective populations
that allow for comparisons. Structural barriers of having low
income, unemployment, homelessness and incarceration were
all significantly more prevalent among trans women than
MSM. More than half of trans women in our sample had been
previously incarcerated compared to 15% of MSM. High incar-
ceration among trans women in our sample is consistent with
findings from other studies of trans women [43,44]. Having a
history of incarceration may have impacted trans women’s cur-
rent housing, income and employment opportunities. The ele-
vated presence of competing priorities for survival from lack
of income may have limited trans women’s awareness or inter-
est in PrEP. Structural barriers may have also impacted adher-
ence among those on PrEP. Trans women reported
disproportionately high homelessness compared to MSM.
Unstable housing was similarly a barrier to viral suppression
among trans women in a recent analysis from San Francisco
[32]. Not having a place to store and privately take medication
may explain the lower PrEP adherence among trans women
compared to MSM in our study [45].
We also found that significantly fewer trans women would

be considered candidates for PrEP compared to MSM based
on CDC guidelines. Research is increasingly uncovering that
HIV transmission among trans women is varied and different
from MSM [46]. CDC guidelines for the population given the
high HIV prevalence of HIV and specific risks trans women
face remain inadequate [32].
The primary limitation to this study is that it was not designed

to compare the PrEP continuum in these populations. Measures,
and therefore, data compared for this analysis had differences in
how the survey questions were asked in Trans*National com-
pared to NHBS. For example the adherence measure from the
sample of trans women asked how many days participants took
their medications in the last week. We tried to address differ-
ences in how the data were captured by creating measures as
conservatively as possible.This measure was then re-categorized
to a month-long recall window to be comparable to the MSM
sample, and re-grouped to be qualitatively comparable to the “ev-
ery day or almost every day” versus “less often” language used in
the survey of MSM. It is possible that trans women’s adherence
fluctuated week to week, and therefore those who reported four
to seven days of PrEP, but actually averaged 16 days of PrEP in
the last 30 would be misclassified as PrEP adherent. Even so, this
would actually over-represent the number of trans women who
were PrEP adherent, and therefore produce more conservative

estimates for the hypothesized differences between trans
women and MSM.Thus, the disparity in PrEP adherence that we
found may actually be more severe and stronger in magnitude,
but our conclusion would remain qualitatively the same (i.e. that
MSM are more adherent to PrEP than trans women). For the
PrEP-eligible sample, this misclassification could have biased
results toward the null and may, in addition to the smaller num-
ber of trans women in this restricted analysis, explain why we did
not find statistically significant differences in PrEP adherence for
PrEP-eligible MSM compared to PrEP-eligible trans women.
Also, study data collection periods overlapped and were not
entirely synced, which we could not account for in the measures
or analysis. All PrEP continuum indicators were by self-report,
including PrEP use and adherence, so we do not know conclu-
sively if PrEP was used and adhered to at levels we observed in
each population. Lastly, for the comparison of PrEP use and
adherence levels between MSM and trans women, there are
power limitations given that only 15 trans women reported using
PrEP. Despite limitations, this data-informed approach to assess-
ing the PrEP continuum was a useful tool for identifying
PrEP disparities between trans women and MSM and
helped identify potential points of intervention.

5 | CONCLUSIONS

Our study points to the need for differentiated PrEP imple-
mentation strategies to meet the barriers trans women face
that are different from MSM. Inclusion of trans women in
PrEP campaigns are needed to increase awareness. Changes
to CDC guidelines for PrEP that are based on evidence
regarding trans women’s HIV risks may positively impact pro-
vider knowledge and interest in prescribing PrEP to trans
women [47]. Alternatively, PrEP accessibility could be offered
to any trans woman who wants it and does not demonstrate
medical contraindications. This approach is well justified given
high HIV prevalence and persistent HIV incidence in this dis-
proportionately impacted population [2].
New delivery models, like pharmacy-delivered PrEP could

address provider barriers and trans women’s justifiable health-
care avoidance [48,49]. Pharmacy-delivered PrEP programs will
have to accept public health insurance and facilitate application
to PrEP access programs if they are to be inclusive of trans
women in San Francisco. PrEP-only clinics for trans women may
mitigate barriers related to anticipated discrimination or discom-
fort discussing sexual health and drug use with primary care pro-
viders. Structural barriers will also need to be addressed. Trans
women most at risk of HIV are those facing daily threats to their
survival. In order for trans women to prioritize HIV prevention
and access it, interventions will need to address trans women’s
housing and income needs as well. Finally, inclusion of trans
women in HIV prevention safety and efficacy trials from the out-
set [34] is needed to ensure their equitable access to the next
generation of biomedical prevention.
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Abstract
Introduction: People who inject drugs (PWID) remain at high risk of HIV in many countries. The HIV prevention cascades
have been proposed to replicate the success of the treatment cascades and reinvigorate the prevention programmes through
improved monitoring, planning and delivery. We adapted the cascade framework to the PWID context in Ukraine, assessed
gaps and analysed factors associated with achieving “access” and “effective use” outcomes.
Methods: Self-reported data on the use of prevention services and risk behaviours from the 2017 integrated bio-behavioural
survey among PWID in Ukraine were used to construct cascades for needle/syringe and condom programmes (NSP and CP).
Socio-demographic and behavioural variables were evaluated as potential correlates of cascade outcomes.
Results: The NSP cascade analysis included 7815 HIV-negative PWID. Motivation to use clean syringes was not assessed and
assumed at 100%. Access to clean syringes through NSP in the past 12 months was reported by 2789 participants (35.7%).
Effective use of syringes (no sharing in the past 30 days) was reported by 7405 participants (94.8%). NSP access was higher
among women, individuals older than 44, and mixed drug users; while effective use was reported more frequently by men and
opioid users, with no difference by age. The CP cascade analysis included 6606 (85%) of the HIV-negative PWID who had sex
in the past three months. Of those, 2282 (34.5%) received condoms, and 1708 (25.9%) reported consistent use with all part-
ners in the past three months. Older PWID and mixed-drug users accessed condoms more frequently; whereas younger sub-
groups and opioid users used them more consistently.
Conclusions: Overall, the cascade framework was useful to describe the status of HIV prevention among PWID in Ukraine
and to identify areas for improvement in the programming and evaluation of HIV prevention. Access to needle/syringe and
condom programmes was substantially below the recommended levels. Effective use of clean syringes was reported by a vast
majority of PWID, although likely affected by self-report bias; whereas consistent condom use was infrequent. Socio-demo-
graphic and behavioural variables showed significant associations in NSP and CP cascade analyses, with little consistency
between the access and effective use outcomes.
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1 | INTRODUCTION

The number of new HIV infections is declining globally,
although at a pace insufficient to reach the ambitious targets
set by UNAIDS for 2020. Contrary to the global trend, some
countries demonstrate an alarming growth of new infections.
In Eastern Europe and Central Asia (EECA), the incidence has
doubled since 2010 [1]. In EECA, and many other countries
across the globe, new HIV cases remain highly concentrated
among people who inject drugs (PWID) and their sexual part-
ners [1-3].
Numerous interventions have been developed and proved

to be efficacious in blocking all possible routes of HIV trans-
mission in different populations [4]. However, their coverage,

and thus the population-level effect, remain insufficient to
achieve the global targets, prompting UNAIDS to announce a
“prevention crisis.”
In contrast, the progress in HIV treatment domain has been

more pronounced. To a significant extent, it was achieved due
to consolidated advocacy efforts instigated by the 90-90-90
target framework. In this framework, the key indicators are
organized along the HIV treatment cascade, creating a simple
and useful visualization of achievements and gaps at the main
stages of HIV care [5]. This methodology was eagerly adopted
by programme planners, advocacy groups, researchers and
global policy makers [6].
The HIV prevention cascades have been proposed to repli-

cate the success of the treatment cascades and reinvigorate
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the prevention programmes through improved monitoring,
planning and delivery [7,8]. The original concept proposed by
Hargreaves and colleagues [9] was primarily informed by the-
ory and data from the programmes addressing sexual trans-
mission, such as condom distribution [10]. Considering other
prevention methods, the authors acknowledged that some ele-
ments of the cascade may become irrelevant (e.g. adherence
in voluntary medical male circumcision programmes [VMMC])
and advised to not “oversimplify HIV prevention” [8,9]. The
diversity of target populations and corresponding prevention
modalities was highlighted by some critical reviews [11], indi-
cating that the multifaceted nature of HIV prevention is not
fully compatible with the linear logic of the cascade approach.
Despite the apparent need to bolster HIV prevention, there

is a notable scarcity of published literature on HIV prevention
cascades. Aside from early publications on condom distribu-
tion, VMMC [10], and pre-exposure prophylaxis [12], there
are a few conference abstracts [13] presenting cascades with
actual program data. To the best of our knowledge, no previ-
ous publication has assessed an HIV prevention cascade for
PWID, either theoretically or using real-world data.
Ukraine has the second largest HIV epidemic in Europe,

which contributed about 11% of 141,553 newly diagnosed
cases in the WHO European Region in 2018 [2]. The epidemic
was initially driven by PWID, who continue to have the high-
est prevalence among all key populations (22.6% in 2017) and
to play a key role in ongoing HIV transmission [14-16]. The
prevention programme, supported by international donors,
expanded rapidly to reach 226,469 individual PWID with the
minimum prevention package in 2017 [17]. The package is
based on WHO recommendations [18] and includes provision
of syringes (typically limited to 10 per day), condoms (3 per
day) and peer or social worker counselling. The quality of the
Ukrainian prevention programme has earned positive reviews
and has been recognized as best practice in Europe by WHO
[19].
In this study, we address this gap and adopt the HIV pre-

vention cascade framework to the context of PWID program-
ming. Using integrated bio-behavioural survey data from
Ukraine, we have constructed cascades and analysed factors
associated with achieving or not achieving each stage of the
continuum for two prevention interventions – needle and syr-
inge programmes and condom distribution.

2 | METHODS

2.1 | Study design

For this study, we used data from the integrated bio-be-
havioural survey (IBBS) among PWID conducted in Novem-
ber–December of 2017. Details on IBBS methodology in
Ukraine are available elsewhere [16,20]. In brief, the cross-
sectional survey was conducted in 30 cities (all 24 regional
centres and six larger cities of regional significance) using
respondent-driven sampling. Eligibility criteria included pres-
ence of injection marks (verified by study personnel), self-re-
ported injection drug use in the past 30 days, and self-
reported age of 14 years or older. All participants completed
an interviewer-administered questionnaire and provided blood
samples for the HIV test and other assessments.

2.2 | Cascade formulation

We constructed two separate cascades for the core compo-
nents of HIV prevention among PWID: needle/ syringe pro-
grammes (NSP) and condom programmes (CP).
According to the original framework [8-10], the first ele-

ment of the prevention cascade is the population at risk of HIV
and in need of the intervention. Accordingly, the NSP cascade
consisted of HIV-negative individuals who inject drugs at least
once in 30 days. Considering the limitations of self-reporting
(see Discussion), we did not use risky injection practices (e.g.
syringe sharing) as a criterion. The CP cascade was restricted
to those PWID who are sexually active, that is, had at least
one sexual partner in the past three months.
The second element of the cascade is generally conceptualized

as awareness of HIV risk and willingness (motivation) to use pre-
vention tools such as syringes and condoms. The IBBS in Ukraine
did not assess the perception of personal HIV risk, nor did it
assess the motivation to use the prevention tools; hence, we
could not analyse this indicator. However, to retain this impor-
tant step in the cascade, we assumed the motivation to use clean
needles to be 100% as an injection with a new needle is less trau-
matic and in most cases PWID would prefer a new one if they
have it available. In contrast, willingness to use condoms is not
universal [21] and we, therefore, conservatively assumed the
motivation to be equal to the next indicator.
In the next stage of the cascade, characterizing access to

prevention, we included PWID who received a syringe or a
condom free of charge in a prevention programme in the past
12 months. It is important to note that in Ukraine syringes
are openly available for purchase in pharmacies, which is the
main source of clean syringes for PWID since, in most cases,
the prevention programmes cannot provide enough for each
injection. Similarly, PWID can and do obtain condoms outside
of the prevention programmes. The IBBS questionnaire did
not include questions about access to prevention tools else-
where, therefore our cascade indicators were limited to the
access to services in the prevention programmes.
The final stage of the cascade reflects the effective use of

the services, such as safe injection practice or protected sex.
For the NSP cascade, we defined it as using only clean syr-
inges in the past 30 days. For the CP cascade, the final indica-
tor included PWID who always used condoms with all types
of partners in the past three months.

2.3 | Statistical analysis

2.3.1 | Outcome variables

All analyses were conducted in a subsample of IBBS participants
who tested negative in the rapid HIV test, conducted in accor-
dance with the WHO testing guidelines for HIV diagnosis in high
prevalence settings. Access to clean syringes or condoms in
prevention programmes was based on responses to the following
questions: “Have you received a syringe free of charge in the past
12 months?” and “Have you received condoms free of charge in
the past 12 months?”. Effective use of syringes was determined
by one question: “During the past 30 days, have you injected
drugs with a syringe previously used by another person?”.
Consistent use of condoms was determined if the participant
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answered “Always” to the question, “How frequently did you use
condom with this partner in the past three months?” for each of
the four types of partners – regular, casual and commercial, as a
client or a sex worker.

2.3.2 | Predictors

We used key socio-demographic and behavioural variables as
potential predictors for the cascade outcomes, including: age,
sex, education, marital status, monthly income, duration of
injection drug use and drug type that was injected during the
past 30 days. The drug type was categorized as: exclusive opi-
oid use – heroin, opium, desomorphine, home-made opioids,
illegal methadone or buprenorphine; exclusive stimulant use –
amphetamines, methamphetamines, cocaine, synthetic cathi-
nones (“bath salts”); mixed use of opioids and stimulants in
any combination during the same time period or other drug
use.
In the bivariate analysis, the association was tested using

chi-square test. Variables significant at p < 0.1 level were
included in the multivariable logistic regression analysis. The
final model with the best fit was selected via a backward step-
wise technique using Wald test. Explanatory variables were
removed one at a time if they were not associated with an
outcome at 5% level of significance. Age and sex variables
were retained in all models, even when they did not have a
significant association with the outcomes.
Data were analysed using SPSS v.23 (IBM Corporation,

Armonk, NY, USA).

2.4 | Ethical approval

All procedures in studies involving human participants were
performed in accordance with the ethical standards of the
Institutional Research Committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards.
Prior to enrolment into the study, all participants were pro-

vided with comprehensive information about the study and
signed a consent form. The study was approved by the Institu-
tional Review Board of the Ukrainian Institute on Public
Health Policy (Kyiv, Ukraine) and was reviewed for human
subject issues in the research determination process by the
Centers for Disease Control and Prevention (Atlanta, GA,
USA).

3 | RESULTS

Of the total 10,076 PWID recruited in the IBBS, 2,261 tested
HIV positive and 7,815 tested HIV negative, resulting in
22.4% HIV prevalence. The median age of participants was
35 years (IQR 30 to 40) and 18% of the sample were women.
Figure 1 shows the needle/syringe programmes (NSP) cas-

cade and Table 1 provides disaggregation by key socio-demo-
graphic and drug use strata. Receiving clean syringes from the
prevention programmes at least once in the past 12 months was
reported by 2789 of participants (35.7%), whereas the exclusive
use of clean syringes in the past 30 days was reported by 7405
(94.8%). Both behaviours were reported by 2685 participants
(36.2% of those using only clean syringes or 96.2% of those

receiving the service). Among the subcategories, NSP access was
significantly higher among women, older individuals, those with
longer injection careers, those with lower income, and opioid or
mixed drug users (as compared to exclusive stimulant users).
There was no statistical difference by family status and educa-
tion. All variables in the multivariable model, except monthly
income, demonstrated an independent and significant effect.
Effective use of prevention was more prevalent among men,
those with higher education, lower income, and opioid users.
There was no difference by age, injection duration, and family
status. The multivariable models largely confirmed the results of
the univariate analysis, except for the effect of income.
The condom programmes (CP) cascade is shown in Figure 2

and Table 2.The risk of sexual transmission, defined in this analy-
sis as having at least one sexual partner in the past three months,
was reported by 6606 (85%) of all HIV-negative PWID. Access
to free condoms in the prevention programmes in the past
12 months was reported by 2282 (34.5%) of those at risk, which
is only marginally lower than what was reported for NSP. Effec-
tive use of condoms, in contrast to syringes, was reported by only
1708 (25.9%) participants. Combination of access to services
and effective use was reported by 673 participants, meaning that
only 39.3% of all at-risk participants and 29.5% of those receiving
the service report always using condoms. Receipt of condoms in
prevention programmes in the past 12 months was higher
among older individuals, those who have longer injection history,
have lower income and are mixed drug users. These associations
were confirmed in the multivariable model, where the effect of
gender also became significant (aOR = 1.2 [95% CI 1.0 to 1.4]
for women compared to men). Consistent condom use was
higher among men, younger PWID, those with shorter injection
history, living alone, having a lower income and among opioid
users. The multivariable models confirmed the associations of
consistent condom use with gender, age and family status.

100% 100%

35.7%

94.8%
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10%
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Figure 1. Needle/syringe programs cascade for HIV negative peo-
ple who inject drugs in Ukraine. Population at risk is defined as peo-
ple injecting drugs at least once in the past 30 days. Motivation is not
measured and assumed at 100%. Access to service is defined as
receiving syringes from prevention programs in the past 12 months.
Effective use is defined as using only clean syringes in the past 30
days.
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4 | DISCUSSION

4.1 | Cascade status and implications for
programming

In this analysis, we applied the HIV prevention cascade frame-
work to the data from the 2017 IBBS among PWID in Ukraine.
Overall, the analysis was helpful to better understand the cur-
rent status of HIV prevention among PWID in Ukraine. The cas-
cade demonstrated that access to prevention interventions
remains suboptimal, with just over one third of HIV-negative
PWID accessing NSP to receive syringes in the past 12 months.
The data also showed that the majority of PWID obtain clean
injection equipment elsewhere, leading to the low reported level
of syringe sharing. This last indicator has to be interpreted with
caution, considering the self-reporting bias (see below).
Access to CP was similar to that of NSP, explained by the

fact that these services are usually co-provided. However, in
contrast to clean syringes, consistent use of condoms was
reported by only a quarter of sexually active PWID. Similar to
clean syringes, the majority of condom users were not cov-
ered by CP and purchased condoms at their own expense.
It should be noted that the service access indicators were

based on the least stringent definition of receiving service at
least once in the past 12 months. Applying more rigorous cri-
teria, such as frequency or regularity, would decrease the esti-
mates substantially.
The subgroup analysis revealed that uptake of NSP was higher

among women, older and more experienced injectors, as well as
users of opioids or a combination of drugs. However, the effec-
tive syringe use was slightly less frequent among women and
mixed drug users. CP was more frequently accessed by older
participants with longer injection history, and by opioid and
mixed drug users. This also did not translate into higher rate of
effective use, which was notably higher among males, young peo-
ple and those living alone. Overall, the associations we found

between the age and drug type with programme access and risk
behaviour is consistent with other evidence indicating that PWID
with riskier behaviour are seeking prevention services more
intensively than those with lower risk [22,23].
Our findings confirm that HIV prevention efforts among

PWID should be intensified through increase in both NSP and
CP, particularly among specific subgroups such as young peo-
ple and stimulant users. Unlike with treatment, which is indi-
cated for all HIV-infected, universal coverage by most
prevention interventions is not realistically attainable and may
also not be necessary to achieve the reduction of incidence
on the population level. The WHO tool [18] recommends a
60% NSP coverage target with at least 200 syringes per per-
son per year, albeit recognizing that this number may not be
sufficient to provide clean syringes for each injection.

4.2 | Framework adaptation and recommendations
for evaluation

While the proposed cascade framework should be applicable to
all key populations and prevention methods [8], we faced sub-
stantial challenges in adapting it to the PWID context. At the first
step of the NSP cascade, the population in need of prevention
services could be defined in several ways. We used the current
definition of the PWID key population in Ukraine, which entails
using drugs by injection at least once in the past month, regard-
less of specific behaviours directly associated with HIV transmis-
sion risk (e.g. syringe sharing). It can be speculated that other
people who inject less frequently or are at risk of relapsing to
injection (non-injection drug users, OAT patients) may also bene-
fit from prevention services. Determination of sexual risk is no
less complex, as it is affected not only by frequency of activity,
but also by types of partners, specific practices, and use of pro-
tection. Similarly to non-injectors, people who have not had sex
in the recent past may also re-engage in sexual activity and thus
should not be excluded from condom provision.
Moreover the framework assumes that only HIV-negative

population should be included in the cascade. In reality, the
prevention programmes for PWID never distinguish clients
based on HIV status and equally serve HIV positive, HIV neg-
ative, and people with unknown HIV status because risk
reduction of HIV acquisition is as important as reduction of
transmissibility among people living with HIV. From this stand-
point, the inclusion of HIV-positive PWID in the cascade and
analysis of HIV status as one of the factors influencing access
to and effective use of services may be justifiable.
For the next step of the cascade, we assumed the motiva-

tion to use clean needles to be 100% because injecting with a
new needle is less traumatic. Some studies have found that
PWID may intentionally share needles in some circumstances
[24,25]. However, reports of such practices became less fre-
quent in the era of the grown HIV epidemic and nearly uni-
versal knowledge of HIV risk among PWID [21]. Motivation to
use condoms, in contrast, is determined by other factors and
is far from universal, leading to an assumption that only those
who received the service were motivated.
The service access indicator appeared to be the most chal-

lenging to operationalize. Unlike treatment, prevention tools
are available outside of prevention programmes and are
widely used for purposes other than HIV prevention. The IBBS
in Ukraine did not measure access to prevention tools

100%
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Figure 2. Condom programs cascade for HIV negative people who
inject drugs in Ukraine. Population at risk is defined as people injecting
drugs at least once in the past 30 days and having sex in the past 3
months. Motivation is not measured and assumed equal to the next indi-
cator. Access to service is defined as receiving condoms from prevention
programs in the past 12 months. Effective use is defined as always using
condomwith all partners in the past 3 months.
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elsewhere; therefore, our cascade indicator was limited to
receipt of the tools from the programmes. We believe that
this approach is adequate to serve programming purposes,
such as assessment and planning of coverage overall and in
specific subgroups. It is also important to understand that,
compared to individual purchase of prevention tools at a phar-
macy, services provided by HIV prevention programmes are
more complex and serve multiple synergistic purposes.
We defined the final element of the cascade, the effective

use of prevention services, as consistent use of the condoms
or the clean syringes. Unlike in the treatment cascade, where
viral suppression is almost exclusively a result of treatment,
behaviours that prevent HIV are often practiced without
accessing specific programmes. As shown in our data, nearly
two thirds of PWID reporting consistent use of prevention
tools did not receive them through the prevention pro-
grammes. Such disconnect between the two indicators may
seem to contradict the underlying sequential cascade logic. In
the prevention context, however, it makes sense because safer
behaviours are facilitated not only by direct provision of pre-
vention services but also by educating about harm reduction
approaches and motivating to obtain tools from other sources.
Several amendments to the IBBS instruments can be made

in order to enable a more accurate and complete estimation
of the HIV prevention cascade. To assess motivation, the sec-
ond element of the cascade, IBBS should include questions to
measure the perceived HIV risk and motivation to use preven-
tion services. Additional questions are needed to comprehen-
sively measure access to prevention tools within and outside
of prevention programmes. It is also important to consider the
temporal dimension and assess the frequency and regularity
of tools uptake. Lastly, questions related to all cascade indica-
tors should use the same time frame (i.e. past twelve or three
or one month).

4.3 | Limitations

Several limitations should be considered in interpreting our find-
ings. First, the IBBS data on service uptake are vulnerable to
reporting bias. When responding to the questions, participants
may not be fully aware that syringes acquired through pharmacy
exchange sites or through secondary exchange volunteers may
come from the prevention programmes. This could partially
explain the notable discrepancy with the programmatic data indi-
cating higher levels of access [17]. The risk behaviour indicators,
especially the most straightforward ones regarding syringe shar-
ing, are likely affected by the social desirability bias due to the
ubiquitous exposure of Ukrainian PWIDs to HIV-related infor-
mation and regular surveys. This could lead to a substantial over-
estimation of the effective use of services element.
As described in Methods, several limitations in the IBBS

data source led to compromises in adapting the cascade
methodology. These included the absence of motivation and
risk perception measures, lack of data on the uptake of pre-
vention tools outside of the programmes, and different time
frames in the access and effective use-related questions.
Our analyses did not include other types of risk behaviours,

such as back- and front-loading, using pre-filled syringes, or con-
tainer sharing, because these practices are not directly affected
by the availability of clean syringes. Substantial prevalence of
these behaviours may contribute to ongoing HIV transmission

among PWID despite active NSP in Ukraine. If the “effective use”
definition would account for these practices, the estimates of the
last stage of the cascade would decrease significantly.

5 | CONCLUSIONS

The generic HIV prevention cascade framework was proposed
some time ago to reinvigorate the HIV prevention programme
[7,8]. The first real-life cascade analyses used data from condom
distribution and pre-exposure prophylaxis programmes [10,12],
and this study is the first such example for PWID.We estimated
the NSP and CP cascades for PWID in Ukraine using the IBBS
survey data and analysed the programming gaps, as well as
demographic and behavioural factors associated with achieving
the cascade outcomes. Access to NSP and CP was substantially
below the recommended level, especially among men and
younger PWID. In contrast, effective use of clean syringes was
reported by the vast majority of PWID, likely affected by self-re-
port bias. Consistent use of condoms was infrequent.
The analysis also revealed conceptual challenges in applying

the cascade framework to the context of HIV prevention
among PWID, primarily caused by complex, non-linear causal
pathways between the prevention interventions and desired
outcomes. Overall, the cascade framework was useful to
describe the status of HIV prevention among PWID in
Ukraine and to identify areas for improvement in program-
ming as well as evaluation of HIV prevention.
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