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Strengthening the HIV prevention cascade to maximise
epidemiological impact in eastern Zimbabwe: a modelling
study

Michael Pickles, Simon Gregson, Louisa Moorhouse, Tawanda Dadirai, Freedom Dzamatira, Phyllis Mandizvidza, Rufurwokuda Maswera,
Tafadzwa Museka, Robin Schaefer, Morten Skovdal, Ranjeeta Thomas, Blessing Tsenesa, Owen Mugurungi, Constance Nyamukapa,
Timothy B Hallett

Summary

Background HIV prevention cascades provide a systematic understanding of barriers to prevention. In this study we
used mathematical modelling to understand the consequences of these barriers and how the cascade could be
strengthened to maximise epidemiological impact, providing potentially important insights for programmes.

Methods We used an individual-based model of HIV transmission (PopART-IBM), calibrated to data from the
Manicaland cohort from eastern Zimbabwe. HIV prevention cascade estimates from this cohort were used as
probabilities for indicators in the model representing an individual’s motivation, access, and capacity to effectively
use pre-exposure prophylaxis, voluntary male medical circumcision, and condoms. We examined how current
barriers affect the number and distribution of HIV infections compared with a no-barrier scenario. Using assumptions
about how interventions could strengthen the HIV prevention cascade, we estimated the reduction in HIV infections
over a 10-year period through addressing different elements of the cascade.

Findings 21200 new potentially avertable HIV infections will occur over the next 10 years due to existing HIV
prevention cascade barriers, 74 - 2% of the 28 500 new infections that would occur with existing barriers in a population
of approximately 1-2 million adults. Removing these barriers would reduce HIV incidence below the benchmarks for
epidemic elimination. Addressing all cascade steps in one priority population is substantially more effective than
addressing one step across all populations.

Interpretation Interventions exist in eastern Zimbabwe to reduce HIV towards elimination, but barriers of motivation,
access, and effective use prevent their full effect being realised. Interventions need to be multilayered and address all
steps along the HIV prevention cascade. Models incorporating the HIV prevention cascade can help to identify the
main barriers to greater effectiveness.
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Introduction
Substantial effort has been put into promoting HIV
prevention tools including condoms, pre-exposure
prophylaxis (PrEP), and voluntary male medical
circumcision (VMMC), all of which greatly reduce the
risk of HIV infection when used effectively.* However,
uptake often remains below targets, affecting progress in
meeting goals for reductions in new HIV infections.*
Understanding the barriers that individuals experience
is crucial in facilitating effective use of these methods.
Analogous to the HIV treatment cascade, the HIV
prevention cascade has been proposed as a means to
identify barriers and inefficiencies, and to develop
actionable strategies to increase effective use of HIV
prevention methods.”® Developed in consultation with
key local and international stakeholders,” one articulation
of the HIV prevention cascade framework® describes how,
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for each prevention method, a cascade exists across three
overarching domains: motivation, access, and capacity to
use effectively. Each domain represents a cascade step,
and consists of multiple barriers; for example, the step
representing motivation comprises barriers related to
knowledge, risk perception, consequences of use, and
social norms.* An individual experiencing a barrier in
any domain might not use that method effectively.
Importantly, the HIV prevention cascade framework is
applicable to all prevention methods, reflecting that
individuals fall within a cascade for each possible HIV
prevention method.

However, it remains unclear to what extent barriers
combine to frustrate the potential effectiveness of available
HIV prevention methods, the degree to which these
barriers might be mitigated by intervention efforts,” and
the consequences these mitigations could have for
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Research in context

Evidence before this study

We searched PubMed and Embase from database inception to
April 14, 2023, using the terms "HIV prevention” AND
“cascade” AND "model*”. We identified three papers that used
a HIV prevention cascade formulation in a mathematical
model. Two examined the HIV prevention cascade for pre-
exposure prophylaxis (PrEP) only, and each used an instance of
the HIV prevention cascade where uptake was taken as a single
step, showing how hypothetical improvements in each
cascade step (uptake, adherence, retention, and
reengagement; and initiation, adherence, and persistence)
would affect the impact of PrEP. Both models included
voluntary male medical circumcision and condom use, but
neither method was examined using a prevention cascade
methodology. The third study used a difference equation
model, where changes take place on a 1-year timescale, and the
same HIV prevention cascade as the present study in the
context of couples’ voluntary counselling. This study showed

reducing the individual-level risk of HIV infection and
achieving milestones towards eliminating HIV as a public
health threat.”" In order to address these questions, we
used an individual-based model simulating the HIV
prevention cascade and HIV transmission” in the
well characterised population of Manicaland, eastern
Zimbabwe to (1) quantify the extent to which existing
barriers in the cascade limit the effectiveness of prevention
methods (tenofovir-based oral PrEP, VMMC, and condom
use), and (2) estimate the potential effect on HIV incidence
of addressing these barriers with interventions.

Methods

Model

We used PopART-IBM, an individual-based model
simulating HIV transmission in a growing population.”
The model code used in this study is available
from https://doi.org/10.5281/zenodo.7258438 under the
GNU General Public License 3.0. Full details of the
model are in the appendix (pp 2-24). Below we give brief
descriptions of each of the major components.

HIV transmission, natural history, and antiretroviral therapy

HIV-negative people in sexual partnership with a person
living with HIV are at risk of acquiring HIV infection at
each timestep; the risk of transmission is determined by
the treatment status and stage of infection of the partner
living with HIV, as well as use of prevention methods
(described below). Once infected, individuals enter the
early HIV infection period, following which they are
assigned a set-point viral load, which determines both
their infectiousness” and the rate at which they pass
through stages of infection, defined by the ranges of CD4
cell count in peripheral blood.* In the absence of
antiretroviral therapy (ART), individuals will die after

that mitigating interventions to successive cascade steps have
a diminishing effect.

Added value of this study

In this study we used a prevention cascade with separate steps
for motivation, access, and effective use. We used an individual-
based model of HIV transmission, calibrated to cohort data from
eastern Zimbabwe, and examined the cascade for the three
currently available prevention methods in this setting. The study
highlights the need to address all steps in the prevention
cascade, and that existing prevention methods in this setting
could reduce HIV towards elimination if all steps are overcome.

Implications of all the available evidence

The combination of the HIV prevention cascade framework and
mathematical modelling provides a detailed quantitative
understanding of how barriers hold back HIV prevention
efforts. These insights can help to guide efforts towards
elimination of HIV.

passing through the final stage of infection. However,
individuals can undergo HIV testing and, if they test as
HIV-positive, can initiate ART.

Population structure

The model simulated a growing population of adults aged
14 years or more. Each modelled adult has a sex and date
of birth, from which their age is calculated. Individuals
are exposed to an age-specific risk of death due to non-
HIV-related causes. Certain priority populations were
defined for each prevention method (men aged 15-29 and
30-54 years, and women aged 15-24 and 25-54 years,
with additional method-specific eligibility conditions; see
appendix p 8 for full definitions). Accordingly, individuals
entered and left priority populations over time as they
aged or their status otherwise changed.

Sexual partnerships

Two distinct types of heterosexual partnerships
between individuals were modelled: long-term (including
marriages, cohabiting partnerships, or other partnerships
lasting more than a year) and casual (all other types).
Partnerships can be concurrent (ie, an individual can
be simultaneously in partnerships with two or more
individuals). Rates of partnership formation are dependent
on age and sex, and age-mixing matrices govern who
partners with whom (appendix pp 18-19); a graphical
representation is shown in the appendix (p 13). These
mixing matrices produce realistic age disparities between
partners,” where men tend to have younger partners.

HIV prevention cascades

We represented the HIV prevention cascade framework
of Schaefer and colleagues® by assigning, to each
modelled individual, Boolean indicators for their
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motivation (desire to use a given method), access (ability
to access the method), and capacity to use effectively
(possession of the skills and self-efficacy to use the
method effectively) for each HIV prevention method
(appendix p 4). These three indicators were then
combined to determine whether the given method will
be used by the individual in the model. We assumed that
prevention methods are independent.

Table 1 provides the distributions of these indicators,
estimated from the Manicaland cohort.*” This is an open
general population HIV survey conducted in Manicaland
Province, eastern Zimbabwe, collecting detailed socio-
demographic, HIV risk, and health-seeking behaviour,
and HIV prevalence data from adults over seven rounds
between 1999 and 2019. The probabilities corresponding
to the cascade steps are calculated using data from the
2019 round, as described in the appendix (pp 25-27) and
as illustrated for male condoms™ and for young women.”

Model parameterisation and calibration

Parameters used in the model, including sources, are
tabulated in the appendix (pp 14-23), and analyses
underlying the parameterisation are shown in figures in
the appendix (pp 6, 10-11, 13, 16). The means by which
the HIV prevention cascade-related parameters were
estimated from the data available in the study setting are
described in the appendix (pp 25-27).

The model was calibrated to other data from the
Manicaland cohort (age-specific and sex-specific HIV
prevalence in 1999, 2003, 2005, 2008, 2011, 2013, and
2019; age-specific and sex-specific awareness of HIV
status in 2005, 2008, 2011, 2013, and 2019; and age-specific
and sex-specific ART coverage in 2008, 2011, 2013, and
2019; these ensured that the model captured changes in
treatment coverage over time). The procedure by which
the model was calibrated to these data is as follows: the
model was run using 50000 parameter sets generated
using Latin hypercube sampling” in which certain
parameters are allowed to vary within defined ranges
(appendix p 24); for each parameter set the likelihood of
the observed survey data given the corresponding
modelled outputs was calculated. The ten parameter sets
with the highest likelihood were selected for use in all
further model analyses.

In an individual-based model, events were determined
by drawing random numbers. The same parameters, but
with different random numbers, give different epidemics.
We incorporated this stochastic variation as follows:
immediately after the final cohort round in 2019 we
reseeded the random number generator ten times,
producing ten different sets of random numbers for the
same parameters. In the appendix (pp 28-29), we
compared the relative magnitudes of the variation due
to this stochasticity compared with that arising from
different calibrated parameters, to ensure that ten
reseedings sufficiently accounted for stochastic variation
in subsequent analyses (appendix p 29).
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Menaged Menaged Womenaged Womenaged
15-29 years 30-54 years 15-24years 25-54 years
PrEP
Motivation 0-06 0-05 0-09 0-07
Access 0-04 0-04 011 0-10
Capacity to use effectively 1.00 1-00 0-00 0-60
VMMC
Motivation 033 021
Access 036 033
Capacity to use effectively 0-39 0-30
Condoms (in casval sexual partnerships)
Motivation 0-97 0-84 0-93 0-85
Access 0-67 0-68 0-56 0-81
Capacity to use effectively 071 072 0-80 071
The time period for each probability is as follows: for VMMC, this is an annual probability of receiving VMMG; for PrEP
it is the probability of using PrEP at the current model timestep; and for condoms it is use within the current sexual
partnership. All values derived from the 2019 round of the Manicaland cohort. PrEP=pre-exposure prophylaxis.
VMMC=voluntary male medical circumcision.
Table 1: Probabilities of overcoming barriers for each prevention method in each priority population

All model results are presented as medians and
95% credible intervals (Crls) of the 100 runs (ten
parameter sets times ten stochastic runs).

Modelling analysis

To quantify the extent to which the barriers in the HIV
prevention cascade limit the effectiveness of HIV
prevention methods (aim 1), we ran the model under
our estimates for the current state of the cascade and
compared the resulting number and distribution of
HIV infections over a 10-year period (July 1, 2020-
June 30, 2030) with an alternative run in which every
barrier was entirely removed. The difference between
these scenarios was attributed to the joint effect of all
the barriers. As we used a dynamic model, this approach
also captured indirect effects, unlike, for example,
Markov models.

To estimate the potential effect on HIV incidence of
addressing the barriers with interventions (aim 2), we
first formed assumptions on the extent to which the
HIV prevention cascade for each method might be
strengthened by plausible interventions that address
the barriers associated with each of motivation, access,
and capacity to use the method effectively (table 2). We
then compared the status quo scenario (per table 1,
reflecting the current state of the HIV prevention
cascade) with scenarios in which each intervention is
applied individually, or in combination, for each HIV
prevention method and priority population, and compare
the number of HIV infections in individuals 15-54 years
of age over a 10-year period (July 1, 2020—June 30, 2030).

For three scenarios (status quo, barriers removed from
aim 1, and mitigating all barriers for all methods from
aim 2), we compare model estimates of four metrics
in 2030 (HIV incidence, incidence:prevalence ratio,
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Proportion of Justification

universal access

Capacity to use effectively 0-90

VMMC
Motivation 056
Access 0-56

Capacity to use effectively 0-56

Condom:s (in casual sexuval partnerships)
Motivation 0-97
Access 0-90
Capacity to use effectively 0-90

people who
overcome
barrier
PrEP
Motivation 0-30 Similar to coverage levels achieved in SEARCH and ECHO trials,”** and assuming that barriers to access and
capacity to use effectively were small in the trial context
Access 0-90 Assumption informed by targets such as the first 90 of 90-90-90,” reflecting the challenges in implementing

Reach 90% among women 15-29 years of age (maintain at existing value when >0-90)

Overall annual rate of 0-175 found to produce 90% VMMC coverage after 5 years, comparable to traditional
circumcision in other sub-Saharan African countries (eg, van der Straten and colleagues, 2016*), through
improving understanding of risk and evolving social norms around VMMG; to create an overall rate from the
cascade, we assume that the three cascade steps are equal, giving a value of 0-175"3=0-56 per step

To produce 90% VMMC coverage after 5 years, through expansion of VMMC services through other channels

To produce 90% VMMC coverage after 5 years, through interventions to address partner disapproval and
interpersonal perception of VMMC

Corresponds to highest current value among priority populations in Manicaland”
Assumption that same value as for PrEP can be reached

Assumption that training can be used to improve negotiation skills with partners, address norms, and provide
training on how to use effectively

For a given prevention method and domain, the same values are used for each priority population, reflecting the assumption that once barriers related to age and sex are
mitigated, the residual barriers would be similar across populations. PrEP=pre-exposure prophylaxis. VMMC=voluntary male medical circumcision.

Table 2: Probabilities of overcoming barriers in the presence of interventions to strengthen HIV prevention cascade domains

reduction in new infections compared with 2010, and
incidence:mortality ratio) with benchmarks for epidemic
transition" and control.”

Written informed consent to take part was obtained
from all participants for whom survey data were used
in the model. For participants aged under 18, written
informed consent was obtained from a parent or
guardian and assent was obtained from the child. Ethical
approval was granted by the Imperial College Research
Ethics Committee (171C4160), and the Medical Research
Council of Zimbabwe (MRCZ/A/2243).

Role of the funding source

The funders of the study had no role in data collection,
data analysis, data interpretation, writing of the report, or
decision to submit for publication.

Results
Overall, the model reproduced well the increase in
HIV prevalence by age and sex, and also reproduced
the overall pattern of ART coverage by age for each sex.
The results of the calibration of the model with data
for the year 2019 are shown in the appendix (p 30).
Furthermore, a comparison between model and cohort
HIV incidence, to which the model was not calibrated,
shows (appendix p 31) that the model also reproduced
changes over time in incidence by age and sex.

The model also reproduced the percentage of the
population using each prevention method (appendix
p 30). Self-reported condom use with casual partners was

slightly higher among women (47%) than men (44%) in
the survey. However, since condom use is a partnership-
level property in the model, and thus must balance
between sexes, there was less variation between men and
women in the model than was reported in the survey.

Our first aim was to quantify how barriers in the
HIV prevention cascade limit the maximal effectiveness
of HIV prevention methods. Figure 1 shows the
distribution of avertable infections over 10 years. Overall,
completely removing all barriers for all HIV prevention
methods combined in Manicaland would avert a median
of 21200 infections (74-2% of the 28500 infections that
would otherwise occur) over this period (95% Crl
11600-33000; 2-5-97-5 percentile 64-6-80-9%) from a
total adult population of approximately 1-2 million.
Almost half of these 28500 infections (median 10600,
representing 48-6%; 95% Crl 36-8-55-5%) were in
women 25-54 years of age, while only a median of
1475 (7-6%) of avertable infections were in men
15-29 years of age. The largest number of avertable
infections occur through removing barriers to PrEP, as
PrEP has the largest existing barriers (appendix p 32).
With the barriers in place, there is no chance of the
epidemic transition benchmarks being met, but with the
complete removal of all barriers, HIV incidence among
adults would be reduced to less than 0-1 per 100 person-
years by 2030, below the benchmark for HIV epidemic
control suggested by Galvani and colleagues,” as well as
meeting benchmarks for other metrics of epidemic
transition" (appendix p 33).
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Our second aim was to estimate the potential effect of
interventions to mitigate barriers seen in the HIV
prevention cascade. Figure 2 illustrates the effect of
intervening to strengthen the HIV prevention cascade
by addressing and mitigating barriers for PrEP in
women 25-54 years of age with one or more casual
partners (analogous figures for other priority popu-
lations and interventions are shown in appendix p 34).
Figure 2A shows the strengthening of the HIV
prevention cascade in this population under intervention
scenarios wherein the existing barriers are sequentially
mitigated. The dark grey bars show the estimates for the

6x10 I Women aged 15-24 years
[ Men aged 15-29 years
I Women aged 25-54 years
I Men aged 30-54 years
4x10% 4
2
2
%
a
2x10%+
0+ T T
0 5000 10000 15000
Avertable infections

Figure 1: Distribution of avertable infections over 10 years across model runs
in each population group through removing all barriers to use for all
prevention methods

status quo: only 48 (7%) of 645 women in this priority
population reported being motivated to use PrEP, and
three (<1%) were using PrEP. An intervention to
increase motivation to use PrEP, for example through
increasing knowledge of PrEP and more accurate risk
perception, as well as addressing social norms around
PrEP use,’ results in an increase in the first bar (to the
orange “mitigate motivation barriers” level). However, if
the intervention does not address barriers to access and
capacity to use effectively, then overall PrEP use remains
low in this population (2%). Addressing both motivation
and access barriers together (green) leads to higher
PrEP usage (16%). Of the five women who were in the
last step of the cascade in the survey, two (40%) reported
that capacity to use effectively, capturing skills and self-
efficacy to use PrEP, as well as issues around partner
approval remained barriers; adding components to the
intervention to improve capacity to use PrEP effectively
can increase PrEP usage to 24-3%. Figure 2B shows
how these cascades translate into PrEP usage over time
in the model, and figures 2C and 2D show the modelled
rate of HIV incidence among women 25-54 years of age
and among the adult population, respectively, under the
different intervention scenarios. Since we assume that
barriers are only affected in the specific priority
population under consideration, even mitigating all
barriers has a modest effect in terms of incidence rate.
Figure 2E gives the cumulative number of HIV

[ Statusquo [ Mitigate motivation barrier [Z] Mitigate motivation and access barriers 21 All barriers mitigated

Year

A B
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Figure 2: Effect of intervening sequentially to strengthen the steps in the HIV prevention cascade for PrEP for women 25-54 years of age
(A) HIV prevention cascade. (B) PrEP usage. HIV incidence in women 25-54 years of age (C) and all adults (D). (E) Cumulative infections averted in individuals
15-54 years of age per 100 000 population. For (B)-(E), solid lines show the median model output for each scenario, and shaded regions show the 2:5-97:5 percentiles.

PrEP=pre-exposure prophylaxis.
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Figure 3: Heatmap of median percentage reduction in infections in individuals 15-54 years of age over 10 years from reducing prevention cascade barriers
Shading shows effect associated with reducing barriers in different cascade domains (rows) for different prevention methods (panels) in different priority
populations (columns). Darker green indicates scenarios of greater effect. PrEP=pre-exposure prophylaxis. VMMC=voluntary male medical circumcision.

infections averted compared to status quo in individuals
15-54 years of age per 100000 population under each
scenario.

Figure 3 is a heatmap showing the median percentage
of all HIV infections over 10 years averted by interventions
to reduce barriers associated with each cascade domain
for each method in each priority population.

Addressing a single domain for one prevention method
in one priority population has a very modest effect on
HIV incidence overall. The single intervention with the
largest effect is for addressing motivation barriers to
VMMC among men 30-54 years of age, which averts a
median 6-5% of infections over 10 years (95% Crl
0-0-19-3), corresponding to 1780 of the 28 500 infections
in this period; this result is unsurprising, since it is a
large priority population, and this domain has the largest
barriers to VMMC in this group. However, to maximise
the effect, the barriers across all three domains need to be
addressed. For the PrEP example above, addressing only
motivation barriers among all priority populations averts
a median of 1-5% of infections over 10 years (0-0-16-8),
whereas removing all barriers among just women
25-54 years of age averts a median of 8-4% of infections
(0-0-22-1). Indeed, for any prevention method,
strengthening all steps across the HIV prevention cascade
in a single priority population is more impactful than
strengthening a single step across all priority populations.

Figure 3 also shows how HIV prevention cascades can
be used to identify which barriers are most important to
address in different populations. For example, mitigating
barriers to motivation for VMMC is more important for
men 30-54 years of age than 15-29 years, but mitigating
barriers affecting capacity to use VMMC effectively has a
similar effect in the two age groups.

Overall, the median effect of mitigating all barriers for
all prevention methods in all populations with plausible
interventions is a reduction of 42-4% (95% CrI 28-8-52-1),
12200 of the 28500 HIV infections among individuals
15-54 years of age, over the next 10 years compared to the
current states of the HIV prevention cascades in
Manicaland. Mitigating these barriers would meet all
benchmarks for metrics of epidemic transition by 2030"
in almost half (48 of 100) of the model runs (appendix p
33), meaning that mitigating these barriers might be
sufficient to eliminate HIV as a public health threat.

Discussion

In this study we have shown that overcoming current
barriers in the HIV prevention cascade for existing pre-
vention methods could avert approximately 21200 extra
HIV infections in Manicaland over the next 10 years
(76-1% of all new infections in a population of 1-2 million,
most among women 25-54 years of age). This is the
difference between reaching and not reaching milestones
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towards elimination of HIV as a public health threat®"
(appendix p 33). We also find that only strengthening a
single step in the prevention cascade leads to minimal
effects on HIV incidence. However, addressing all steps in
a single priority population is more impactful in this
setting than addressing a single step across all populations.

These findings underscore the need for multilayered
and differentiated service delivery options that address,
via more client-centred care, the full spectrum of barriers
across the HIV prevention cascade, as has been recently
recommended for PrEP.* HIV prevention is complex,
and successfully increasing effective use of a method
in a population will involve addressing individual,
interpersonal, and societal barriers.” Failing to address a
single barrier can lead to severely weakened overall
effectiveness. Modelling analyses that leverage the
concept of the HIV prevention cascade can identify the
steps in the cascade, and the related barriers, that most
severely reduce overall effectiveness.

This study also shows that barriers can manifest
themselves differently for different groups (eg, age
groups). For example, mitigating barriers to motivation
for VMMC is more important for men 30-54 years of age
than those 15-29 years of age, perhaps reflecting that the
latter are the focus of national guidelines for VMMC, but
mitigating barriers affecting capacity to use VMMC
effectively (those related to disapproval of partners, family,
and friends) has a similar effect in both age groups.
Similarly, no women 15-24 years of age in the study
reported capacity to use PrEP effectively; although based
on a small number of women, this finding, if replicated
elsewhere, is crucial for programmes to address. Thus,
responses need to be tailored to specific groups.

HIV programmes, and those planning trials of HIV
prevention methods, should note that a single unmitigated
barrier can affect uptake and effectiveness, and should
collect information to examine how they are modifying
the prevention cascades, as illustrated in a recent trial to
improve risk perception among adolescent girls and
young women.” Such analyses might highlight positive
results relating to removal of some barriers. Similarly,
HIV prevention programmes would benefit from using
prevention cascades integrated into an implementation or
programme science approach”® to identify and mitigate
barriers in an iterative and data-driven manner, and hence
optimise programme effectiveness.

The present study also highlights the need to
understand how different combinations of interventions
might interact. Further work is needed to understand
whether there are tipping points, either at the individual
level (where sufficient barriers to an individual’s use of a
method have been alleviated, allowing them to use the
method effectively) or at the community level, when
social norms around risk and HIV prevention change.
Past experiences suggest that this might sometimes be
the case; for example, HIV testing has become much
more accepted in the era of test-and-treat.”
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In this study we use an articulation of the HIV prevention
cascade framework that has already been applied in the
Manicaland context,®” and that can provide detailed
insight into the underlying barriers.® We embed the
resulting cascades into a model that reproduces multiple
rounds of data on HIV prevalence and treatment status in
Manicaland by age and sex. As a dynamic individual-based
model, it directly incorporates varying individual-level risk
behaviour, for example as individuals form and break up
casual partnerships, so that there is continuous turnover
in the priority populations. An additional advantage of an
individual-based over a compartmental model, another
widely used type of mathematical model, is the explicit
representation of partnerships, which is important both
for condoms, as usage is dependent on both partners, and
scenarios in which the eligibility of a prevention method is
partner-dependent, such as for PrEP under the Partnership
paradigm.®

Incorporating the HIV prevention cascade framework
into a mathematical model provides important broad
insights into HIV prevention. This approach can
quantify the extent to which barriers from different steps
of the cascade are responsible for HIV infectiong®**
and the effect of interventions to mitigate these barriers,
and can be adapted for new prevention modalities such
as long-acting injectable cabotegravir—rilpivirine PrEP,
where such modelling can help in planning the steps
needed for successful roll-out. This study, the first to
combine modelling and the HIV prevention cascade for
multiple prevention methods, also highlights existing
challenges and the steps needed to provide more
contextualised application of prevention cascades in
mathematical modelling. We do not know the extent to
which barriers can be mitigated, for which we need trials
and programme evaluations to measure changes in the
HIV prevention cascade. In the data used, there were
few individuals in the later cascade steps, particularly
capacity to use effectively for PrEP, so the corresponding
probabilities come with large uncertainty. More work,
both data collection and modelling, is needed to
understand the correlation between steps in the cascade.
To date, prevention cascades have focused on each
prevention method separately, and in this study we have
assumed independence, yet it is likely that there are
correlations between different methods for a given step
in the cascade that would be important considerations
for combination prevention programmes. Furthermore,
data for the HIV prevention cascade in this study are
self-reported, and effective use of PrEP might be
overestimated,”* though the prevention cascade could
be adapted to use pharmacological measures as
outcomes. Finally, as more data become available on the
HIV prevention cascade, so that the uncertainty in an
individual step reflects true uncertainty rather than the
small numbers seen in the latter steps of the cascades in
the present study, it will be important to incorporate the
measured uncertainty into model estimates.
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Strengthening the HIV prevention cascade across all
areas can be very effective. Mathematical modelling,
incorporating the HIV prevention cascade, can help to
guide prevention efforts to maximise effectiveness.
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