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Short summary

PreP use concentrated during time periods of condomless sex has the potential to substantively

impact HIV incidence and to be cost-effective in the example setting of KwaZulu-Natal, South Africa.
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Abstract (200 words)

Introduction: Oral pre-exposure prophylaxis (PrEP) in the form of tenofovir-disoproxil-
fumarate/emtricitabine is being implemented in selected sites in South Africa. Addressing

outstanding questions on PrEP cost-effectiveness can inform further implementation.

Methods: We calibrated an individual-based model to KwaZulu-Natal to predict the impact and
cost-effectiveness of PrEP, with use concentrated in periods of condomless sex, accounting for
effects on drug resistance. We consider (i) PrEP availability for adolescent-girls-and-young-women
(aged 15-24; AGYW) and female sex workers (FSW), and (ii) availability for everyone aged 15-64. Our
primary analysis represents a level of PrEP use hypothesized to be attainable by future PrEP

programmes.

Results: In the context of PrEP use in adults aged 15-64 there was a predicted 33% reduction in
incidence, and 36% reduction in women aged 15-24. PrEP was cost effective, including in a range of
sensitivity analyses, although with substantially reduced (cost) effectiveness under a policy of ART
initiation with efavirenz- rather than dolutegravir-based regimens due to PrEP undermining ART

effectiveness by increasing HIV drug resistance.

Conclusions: PrEP use concentrated during time periods of condomless sex has the potential to

substantively impact HIV incidence and be cost-effective.
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Introduction

Despite declining incidence, HIV remains a major public health challenge in South Africa. The roll-
out of oral pre-exposure prophylaxis (PrEP) of tenofovir disoproxil fumerate (TDF) and emtricitabine
(or lamivudine) to further reduce HIV incidence began with female sex workers (FSW), men who
have sex with men (MSM) and adolescent girls and young women (AGYW). Model-based analyses
are increasingly used to inform allocation of limited resources [1,2]. Cost-effectiveness studies of
PrEP, mainly conducted before the current universal eligibility for antiretroviral therapy (ART), have
cast doubt over its cost-effectiveness, in South Africa as well as elsewhere [3-12]. There has,
however, been relatively little attention given to considering that people might in practice
concentrate their PrEP use only during periods of condomless sex. In addition, there is a risk of
taking PrEP while unknowingly having HIV, due to starting PrEP when already infected with HIV
(caused by <100% HIV test sensitivity or due to being in the primary infection window period), or
becoming infected while taking PrEP, due to sub-optimal adherence, less than 100% PrEP efficacy, or
infection with PrEP drug resistant virus. Use of PrEP in people with HIV is associated with a risk of
resistance to lamivudine or emtricitabine and TDF which are also used as part of 1 line ART [13].
Consequently, there is a risk that efficacy of ART is undermined, with further transmission of drug
resistant virus [13]. While most cost-effectiveness evaluations have not explicitly taken this into
account, modelling studies have suggested that resistance concerns should not preclude the use of
PrEP [14-16]. The risk of resistance emerging is influenced by the length of time people with HIV
stay on PrEP and hence by the frequency of HIV testing in people on PrEP. The WHO recommend
three monthly testing for PrEP users [17]. Less frequent testing may improve retention on PrEP and
reduce the cost of PrEP delivery but would have the disadvantage of extending the period in which

people inadvertently take PrEP while having HIV.

With these considerations in mind we present an updated assessment of the cost-effectiveness of

oral PrEP with tenofovir disoproxil fumarate and emtricitabine in the context of the KwaZulu-Natal
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(KZN) province of South Africa, a province characterised by particularly high prevalence of HIV [18-

22].

Methods

We updated a previously described individual-based model of HIV transmission, progression and the
effect of ART[23,24] calibrating to the KZN epidemiological context, and undertook 500 model runs
which are referred to as “scenarios”.  Each time the model is run it simulates data in 3-monthly
time steps on whether the person has an on-going primary condomless sex partner, the number of
other condomless sex partners, HIV acquisition and, in people with HIV, viral load, CD4 count, use of
specific ART drugs (.e.g. use of TDF-lamivudine-efavirenz as 1°! line regimen up to 2019), adherence,
resistance and risk of HIV-related death. Details of the model and how it was calibrated to data from
KZN are described in the Appendix. The model was programmed in SAS 9.4 (SAS Institute, North

Carolina).

We considered scale up of PrEP implementation from 2017 in either (i) FSW having multiple
condomless sex partners (women who had >5 short-term condomless sex partners in a 3 month
period in the past year) and adolescent girls and young women (AGYW; defined as women aged 15-
24; PrEP-for-AGYW/FSW), or (ii) all men and women aged 15-64 (PrEP-for-all). We refer to these as
two alternative “policies”, and we compare predicted outcomes of these two policies with no PrEP

introduction.

Parameter values relating to many aspects of PrEP are uncertain and some will likely vary between
populations and settings. We set out below our “primary analysis” assumptions; we explore
variations in these assumptions in sensitivity analyses. Our primary analysis involves relatively high
use of PrEP concentrated in periods of condomless sex which is hypothesized to be potentially

attainable by future PrEP programmes that have learned from experiences, rather than the current
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status of programmes. We assume PrEP is offered to people who have at least one condomless sex
short-term partner in a 3 month period, or a condomless sex on-going primary partner who is
diagnosed with HIV but not taking ART, and that individuals who initiated PrEP only take PrEP
subsequently in 3 month periods in which they have at least one such condomless sex partner. We
assume that the 1st-line ART regimen in use in new ART initiators will be dolutegravir-lamivudine-
TDF in all adults from 2019 onwards, given the strong recommendation from WHO to use this
regimen [26]. Results for intermediate outcomes such as HIV incidence are shown over the 20 years
(2018-2037). The primary population health outcome measure was disability-adjusted life-years
(DALYs), which is a generic measure that captures both premature mortality and morbidity. Our
model allows direct calculation of DALYs for each individual which can then be summed. Disability
weights are based on Salomon et al[25]. DALYs and costs are compared over up to 50 years,
allowing the effects of HIV prevention to play out in terms of DALYs averted in those for whom

infection in earlier life was averted.

The PrEP adherence level for an individual, quantified on a scale of 0-100% is the proportion of the
drug target level that is attained for episodes of condomless sex in a given 3-month period. We
assume an average adherence level per individual, but with within-person variability between 3
month periods. We further assume that 50% of adolescents and young people aged 15-24 years will
be half as likely to adhere to PrEP compared to the rest of the population[27]. When providing
PreP-for-AGYW/FSW the assumptions result on average in 12% of people on PrEP with <50%
adherence , 33% with 50-79% adherence and 55% with >80% adherence. The corresponding values
for PrEP-for-all are 10%, 28% and 62%. PrEP efficacy, defined as the percent reduction in risk of HIV
acquisition from a given HIV-positive condomless sex partner with non-resistant virus under 100%
PreP adherence is assumed to be 95%. PrEP effectiveness (what is measured in real life conditions)

is assumed to be proportional (0.95-fold) to the PrEP adherence level, so in a person with current
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PreEP adherence of 80% the current effectiveness would be 0.95x80% = 76%. Given the adherence
distribution, average effectiveness as implemented was 70% for PrEP-for-AGYW/FSW (i.e. average
70% protection from each infected condomless partner in a 3 month period, 73% for PrEP-for-all),
which compares with effectiveness estimates of 75% and 62%, respectively, in the Partners PrEP and
TDF2 studies[28,29[. We also assume that 15% of 15-64 year olds who are not FSW (and 5% of FSW)
will not consider starting PrEP even if eligible. Amongst those who would consider PrEP and for
whom the condomless sex criteria are met, there is a 50% additional probability of being tested for
HIV in each 3 month period (beyond background rates of testing); for those who test as HIV negative
we assume an 80% chance that PrEP is initiated. After stopping PrEP due to having one or more 3
month periods with no condomless sex partners, PrEP can be restarted (with 95% probability) if the
person tests HIV negative and again has condomless sex partners. Continuation of PrEP involves 3-
monthly HIV testing. We consider that people may choose to stop PrEP despite condomless sex
criteria being met (3% probability of discontinuation per 3 months, 20% chance of resumption per 3
month period of the condomless sex criteria being met). There is assumed to be no increases in
condomless sex in the population as a result of PrEP being introduced. As mentioned, we recognise
that in the early stages of PrEP roll-out in sub-Saharan Africa these levels of PrEP uptake and
persistence of use have not been attained[30], but hypothesize that these are achievable as
implementation lessons are learned[31], and we wished to explore the potential of PrEP, conditional

on programmes being able to achieve our implementation conditions.

PrEP is assumed to have 50% efficacy against a virus containing both M184V and K65R mutations
(conferring resistance to lamivudine/emtricitabine and TDF respectively) but fully efficacious (i.e.
efficacy = 95%) otherwise. We explored other assumptions in sensitivity analysis, including that
K65R mutation confers reduced efficacy regardless of presence of the M184V mutation.  Our
primary assumptions result in outputs of resistance emergence for persons who inadvertently take

PrEP having been infected with HIV of mean 38% and 7% with M184V and K65R respectively by 3
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months of infection[13,32]. We assume that voluntary medical male circumcision (VMMC), HIV-

testing and ART initiation given HIV diagnosis all remain constant at the 2017 rate into the future.

Costs were estimated from the provider perspective, the South African government, on the basis of
resource use due to PrEP (e.g. clinic visits, PrEP use and HIV tests) as well as subsequent healthcare
interventions (ART and treatment of HIV-related diseases) and associated unit costs at relevant
South African public-sector prices for 2017[33,34] and converted to in United States (US) dollars at
an exchange rate of 13.6 ZAR/USD (Appendix page 7). The modelled cost per year for a person on
PrEP is USS136 (USS36 for 4 3-monthly HIV tests as recommended, USS40 for 4 clinic visits and
laboratory costs and demand generation, USS60 for PrEP drugs (regardless of PrEP adherence))
[30,33,34]. Our assumptions regarding unit costs result in a mean cost of clinical care (including ART

costs) per year per person with HIV in care (in 2017) of US $367 in the South African setting.

In the cost-effectiveness analysis, both costs and health outcomes were discounted at 3% per
annum, with a 7% local discount rate based on the South African Reserve Bank repurchase rate used
in sensitivity analysis[35]. We assess cost-effectiveness using a measure called “net DALYs”, which
account for the opportunity costs of health benefits foregone when an intervention is delivered as
well as the health benefits, by use of the cost-effectiveness threshold, and are calculated as
DALYs+costs/cost-effectiveness threshold. Incremental net DALYs show the difference between the
health generated with the policy (compared with the no PrEP policy) and the health which would
have been generated elsewhere in the healthcare system if the required resources were instead
used for alternative purposes. The policy with the lowest net DALYs incurred is the one that would
be selected as the cost-effective policy choice with the common approach using incremental cost-
effectiveness ratios. We use a cost-effectiveness threshold of $750, as this is approximately the
cost-per-life-year-averted of HIV interventions at the borderline for inclusion within the South
African HIV Investment Case that prioritizes use of the national HIV budget on the basis of

intervention cost-effectiveness[36]. We therefore adopt an opportunity-cost based assessment of
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cost-effectiveness, rather than using GDP-per-capita-based thresholds that are now recognised as

being too high, especially for middle-income countries like South Africa[36-38].

Results

The HIV epidemic and programmatic characteristics estimated by the model for KZN in 2017 and
comparable observed data are shown in Table 1. Table 2 shows, the predicted effect of the PrEP
policies on a range of intermediate outputs relating to PrEP use over the next 20 years. On average,
around 8% of 15-24 year old females are projected to be on PrEP at any one point in time (i.e. in a
given three month interval) over the next 20 years, with 1.3% (with PrEP-for-AGYW/FSW) and 3.4%
(PreP-for-all) of all people aged 15-64 (and 25% and 29% of FSW, respectively) on PrEP . Of women
age 15-24 who have one or more condomless sex partners in a 3 month period, the average
proportion on PrEP at any one point in time over the next 20 years is 37%. In 20 years’ time, under
the PrEP-for-AGYW/FSW policy 0.4% of all people would have taken PrEP in their lifetimes for over 5
years, and 1.4% for the PrEP-for-all policy. In the PrEP-for-all policy, 2.1% of people on PrEP are

expected to be (unknowingly) infected with HIV (2.7% under PrEP-for-AGYW/FSW).

PrEP policies lead to an increase in the proportion of ART initiators having resistance to at least one
drug in their 1st-line regimen (7% for the no PrEP policy, 22% for the policy of PrEP-for-all), which
translates into 84% and 81%, respectively, of ART initiators who remain on ART at 1 year having viral

suppression.

There is predicted to be an average 25% decline in mean annual HIV incidence in women aged 15-24
over 20 years (23% over 5 years/26% over 50 years; Figure 1) with PrEP-for-AGYW/FSW and a 36%
(31%/35%) decline in HIV incidence in women aged 15-24 with the policy of PrEP-for-all, and a 33%

(27%/36%) lower overall incidence in people aged 15-64 with PrEP-for-all. In female sex workers
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the predicted decline in incidence over 20 years is 33% (28%/35%) with PrEP-for-AGYW/FSW and
43% (39%/43%) with PrEP-for-all. The HIV prevalence for people age 15-49 in 20 (5 / 50) years time
is predicted to be 23% (26%/22%) with no PrEP, 21% (26%/19%) with PrEP-for-AGYW/FSW and 17%
(25%/14%) with PrEP-for-all. With the rate of scale-up as indicated, the annual cost of PrEP over the
first 3 years is $7.4m ($20.7m) in year 1 (2017-18), $9.5m ($25.3m) in year 2 (2018-2019), $10.4m
(527.2m) in year 3 (2019-2020), $11.7m ($30.4m) in year 5 (2021-22) and $13.2m ($33.8m) in year

10 (2026-27) for PrEP-for-AGYW/FSW (PrEP-for-all).

Figure 2 shows that PrEP-for-all, while averting DALYs, is not expected to increase overall costs over
the long term (50 years, at a 3% discount rate), suggesting that it is cost-effective. However, given
the cost increases in the early years of introduction, especially with the PrEP-for-all approach, any
cost savings would only be realized over an extended time horizon. We show the cumulative net
DALYs averted over time expressed as a mean per year of the time horizon (Figure 2c) —there is a
cumulative net health benefit by 2034 (17 years from PrEP introduction) with PrEP-for-all, and by

2039 (22 years after PrEP introduction) with PrEP-for-AGYW/FSW.

Table 3 (and Appendix Table S1, page 3) summarizes the impact and cost-effectiveness of PrEP for
our primary analysis, and then shows the effect of variations in many of the model assumptions. As
well as showing effects on DALYs, costs and net DALYs, we show effects on HIV incidence and,
reflecting the impact of PrEP on acquisition and transmission of resistance, on virologic response to
1%%line ART. In the primary analysis (row 1), the PrEP-for-all policy is the cost-effective policy choice
(most net DALYs averted) in 100% of scenarios. PrEP-for-all tended to remain cost-effective in most
one-way sensitivity analyses, although quantitatively the net health benefit (net DALYs averted) was,
as expected, lower with lower PrEP efficacy, adherence, uptake and less concentration of use around

periods of condomless sex

PrEP was not cost-effective if it leads to substantial increases in condomless sex amongst people on

PrEP. The continued use of efavirenz- rather than dolutegravir in ART initiators would be predicted

10
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to lead to a substantial reduction in overall PrEP effectiveness, due to increased drug resistance. In
this context of continuation of use of efavirenz in 1*! line ART regimens, the response to first line ART
would be predicted to be significantly reduced over the next 20 years with PrEP introduction. Six
monthly HIV testing for people on PrEP is predicted to be of similar effectiveness and cost

effectiveness compared with 3 monthly testing.

Discussion

This modelling study suggests that PrEP use concentrated amongst people and periods of
condomless sex has the potential to be highly impactful on HIV incidence and cost-effective in KZN.
The PreP-for-all policy is predicted to have a substantially greater overall impact on incidence, and
be more cost-effective than a policy of restricting PrEP availability to AGYW/FSW. There is also
predicted to be a greater impact on incidence in women aged 15-24 with PrEP-for-all than when
PrEP use is restricted to such women and FSW, due to the effects of a reduction in HIV prevalence in
men. A policy of PrEP-for-all may have advantages over policies which restrict by demographics as it
removes any issues with eligibility and helps to avoid PrEP programmes potentially spotlighting and

stigmatising groups of people.

Cost-effectiveness of PrEP programmes remains subject to some uncertainty. If PrEP use leads to
significant increases in condomless sex episodes that are not covered by PrEP it is unlikely to be
cost-effective. Cost effectiveness of PrEP is also related to whether its use is concentrated in periods
of condomless sex, but even with less concentrated use of PrEP, so that there is one 3 month period
of use when there is no risk for each 3 month period in which there is risk through condomless sex,
PrEP remained cost effective. However, if we assume that PrEP use is entirely unrelated to
condomless sex (which perhaps seems unlikely but remains possible ), it is not cost effective. A

major challenge for programmes is to achieve and maintain high levels of PrEP use during periods of

11
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condomless sex. The impact and cost-effectiveness of PrEP is substantially dependent on the
avoidance of use of efavirenz in 1st-line regimens compared with use of dolutegravir. This is to
avoid increases in NNRTI resistance, secondary to emergence of resistance to
lamivudine/emtricitabine and TDF, which would be predicted to lead to effects of ART being
undermined. In other work outside the context of PrEP we have considered the risks and benefits of
this choice[47]. We found that PrEP with six monthly HIV testing has similar effectiveness and cost-
effectiveness to three monthly testing but we see no compelling case to recommend less frequent
testing than three-monthly. PrEP impact and cost-effectiveness is influenced by the extent to which
PrEP has efficacy in preventing infection when the partner’s virus has drug resistance to PrEP drugs.

Continued monitoring of drug resistance is important.

In our primary analysis the time point at which a net health benefit is achieved is 2034 with the PreP-
for-all policy, and 2039 for the policy of PrEP-for-AGYW/FSW. Policymakers will need to trade short-
term imposition of costs with longer-term health benefits and cost reductions as a result of HIV
infections averted. Short term costs and longer-term benefits are expected to be greater with PrEP-
for-all than PrEP-for-AGYW/FSW only. The use of discount rates facilitates the comparison of costs
and health effects occurring at different points through time, but the appropriate discount rates are

uncertain.

Programmes will need to innovate if they are to overcome the challenges of implementing PrEP as it
has been modelled. Self-report of risk is unreliable. One approach would be to advise people to
take daily PrEP for the next 3 months if they may have new sexual partners and are unsure about
their ability to use condoms consistently with those new partners. We note our assumption that
periods of PrEP use around condomless sex last at least 3 months, which may be conservative and
PrEP use may be further concentrated in practice into shorter periods than we have assumed. We
assume daily dosing during three month periods on PrEP, although dosing around sex acts may be

feasible[48, 49]. A key challenge in the use of PrEP in Africa is the low reported levels of persistent

12
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use [e.g. 50]. The reasons underlying this, and solutions to addressing those causes will need to be

identified if effects of the magnitude we have modelled are to be realised.

Limitations of our analysis, as for any cost-effectiveness analysis, include that it involves projection
of the HIV epidemic and HIV programme over several years - we assume rates of VMMC, HIV-testing
and ART initiation given HIV diagnosis remain constant, which is associated with uncertainty which
we explored in sensitivity analyses. We define a female sex worker as a woman who had over 5
short-term condomless sex partners in a 3 month period over the past year and this is a relatively
simple characterization. We combined AGYW/FSW into one group although provision of PrEP to
FSW is likely to be more cost-effective than provision to AGYW. We do not model sex between men,
although we would note that an added benefit of the policy of PrEP-for-all is that MSM would be
able to access PrEP without having to state their sexuality should they wish. We use a relatively
long time step of 3 months which we consider should be adequate to accurately capture most
effects but we cannot exclude the possibility that a shorter time step would reveal nuances that we
missed. Lastly, we focussed on KZN province and further analyses of other provinces would be

needed to assess how generalizable our findings are across South Africa.

Conclusions

PrEP use concentrated during time periods of condomless sex has the potential to substantively
impact HIV incidence and to be cost-effective. Further research and monitoring are required to

understand the effects of PrEP programmes, including on HIV drug resistance.

13

020z Afenuer g0 Uo Jasn 3I0A Jo AlsIoAlun ‘Atelar (190N g r Ad 8850896/299Z1/SIPJUIEE0L 0 L/10P/AOBSE-[IIB-00UBAPE/PI/W0D dNO"0lWapEoe//:SdY WO} POPEOIUMOQ



Funding

This article is made possible by the generous support of the American people through the United
States Agency for International Development (USAID) and the U.S. President's Emergency Plan for
AIDS Relief (PEPFAR). The contents are the responsibility of the authors and do not necessarily
reflect the views of USAID, PEPFAR or the United States Government. Work towards this article was
funded by USAID and PEPAFR under the terms of cooperative agreement AID-OAA-A-15-00031 to
University of Pittsburgh, as well as Cooperative Agreements AID 674-A-12-00029 and

72067419CA00004 to HE2RO. F Tanser received funding from the Academy of Medical Sciences.

Potential competing Interests

JWM is a consultant for Gilead Sciences and Xi’an Yufan Biotechnologies, has received research
grants to the University of Pittsburgh from Gilead Sciences and Janssen Pharmaceuticals, and owns

share options in Co-Crystal Pharma, Inc., which are unrelated to the current study.

Author Contributions

Concept of the analysis, contributions to specific modelling aspects, interpretation of results, critical
comments on manuscript drafts: all authors; drafting of the manuscript: AP; implementation of the

modelling: AP, FN.

Additional files

14

020z Afenuer g0 Uo Jasn 3I0A Jo AlsIoAlun ‘Atelar (190N g r Ad 8850896/299Z1/SIPJUIEE0L 0 L/10P/AOBSE-[IIB-00UBAPE/PI/W0D dNO"0lWapEoe//:SdY WO} POPEOIUMOQ



Appendix

Downloaded from https://academic.oup.com/jid/advance-article-abstract/doi/10.1093/infdis/jiz667/5680588 by J B Morrell Library, University of York user on 02 January 2020

15



References

1.

Meyer-Rath G, Johnson LF, Pillay Y, Blecher M, Brennan AT, Long L, et al. Changing the South
African national antiretroviral therapy guidelines: The role of cost modelling. PLoS ONE 2017

12(10): e0186557. https://doi.org/10.1371/journal.pone.0186557

9. Department of Health, South Africa, and South African National AIDS Council: South African

HIV and TB Investment Case - Reference Report Phase 1. March 2016. Available under

Pretorius C, Stover J, Bollinger L, Bacaer N, Williams B. Evaluating the Cost-Effectiveness of Pre-
Exposure Prophylaxis (PrEP) and Its Impact on HIV-1 Transmission in South Africa. PLOS ONE

2010; 5 DOI: 10.1371/journal.pone.0013646.

Long EF, Stavert RR. Portfolios of Biomedical HIV Interventions in South Africa: A Cost-

Effectiveness Analysis. J Gen Intern Med 2013; 28: 1294-1301 DOI: 10.1007/s11606-013-2417-1

Gomez GB, Borquez A, Case KK, Wheelock A, Vassall A, Hankins C. The Cost and Impact of
Scaling Up Pre-exposure Prophylaxis for HIV Prevention: A Systematic Review of Cost-

Effectiveness Modelling Studies. PLOS Medicine 2013; 10 DOI: 10.1371/journal.pmed.1001401.

Nichols BE, Baltussen R, van Dijk JH, Thuma PE, Nouwen JL, Boucher CAB, van de Vijver DAMC.
Cost-Effectiveness of PrEP in HIV/AIDS Control in Zambia: A Stochastic League Approach. JAIDS

2014; 66: 221-228 D0OI:10.1097/QAI1.0000000000000145

Jewell BL, Cremin |, Pickles M, Celum C, Baeten JM, Delany-Moretlwe S, Hallett TB. Estimating

the Cost-Effectiveness of Pre-Exposure Prophylaxis to Reduce HIV-1 and HSV-2 Incidence in HIV-

16

020z Afenuer g0 Uo Jasn 3I0A Jo AlsIoAlun ‘Atelar (190N g r Ad 8850896/299Z1/SIPJUIEE0L 0 L/10P/AOBSE-[IIB-00UBAPE/PI/W0D dNO"0lWapEoe//:SdY WO} POPEOIUMOQ


https://doi.org/10.1371/journal.pone.0186557

10.

11.

12.

13.

Serodiscordant Couples in South Africa. PLOS ONE 2015; 10 DOI:

10.1371/journal.pone.0115511

McGillen JB, Anderson SJ, Hallett TB. PrEP as a feature in the optimal landscape of combination

HIV prevention in sub-Saharan Africa. J Int AIDS Soc 2016; 19 DOI: 10.7448/1AS.19.7.21104.

Cremin |, Alsallag R, Dybul M, Piot P, Garnett G, Hallett TB. The new role of antiretrovirals in
combination HIV prevention: a mathematical modelling analysis. AIDS 2013; 27: 447-458 DOI:

10.1097/QAD.0b013e32835ca2dd.

Alistar SS, Grant PM, Bendavid E. Comparative effectiveness and cost-effectiveness of
antiretroviral therapy and pre-exposure prophylaxis for HIV prevention in South Africa. BMC

Medicine 2014; 12 DOI: 10.1186/1741-7015-12-46.

Verguet S, Stalcup M, Walsh JA. Where to deploy pre-exposure prophylaxis (PrEP) in sub-

Saharan Africa? Sex Trans Inf 2013; 89: 628-634 DOI: 10.1136/sextrans-2012-050891

Chiu C, Johnson LF,Jamieson L, Larson BA, Meyer-Rath G. Designing an optimal HIV programme

for South Africa: Does the optimal package change when diminishing returns are considered?

BMC Public Health 2017 17:143 DOI 10.1186/s12889-017-4023-3

Parikh UM, Mellors JW. Should we fear resistance from tenofovir/emtricitabine preexposure

prophylaxis ? Curr Opin HIV/AIDS 2016; 11: 49-55. DOI: 10.1097/COH.0000000000000209

17

020z Afenuer g0 Uo Jasn 3I0A Jo AlsIoAlun ‘Atelar (190N g r Ad 8850896/299Z1/SIPJUIEE0L 0 L/10P/AOBSE-[IIB-00UBAPE/PI/W0D dNO"0lWapEoe//:SdY WO} POPEOIUMOQ



14.

15.

16.

17.

18.

19.

Dimitrov D, Boily MC, Brown ER, Hallett TB. Analytic Review of Modeling Studies of ARV Based
PreP Interventions Reveals Strong Influence of Drug-Resistance Assumptions on the Population-

Level Effectiveness. PLOS ONE 2013; 8 DOI: 10.1371/journal.pone.0080927

Supervie V, Barrett M, Kahn JS, Musuka G, Moeti TL, Busang L, Blower S. Modeling dynamic
interactions between pre-exposure prophylaxis interventions & treatment programs: predicting

HIV transmission & resistance. Sci Reports 2011; 1 DOI: 10.1038/srep00185

van de Vijver DAMC, Nichols BE, Abbas UL, Boucher CAB, Cambiano V, Eaton JW, et al.
Preexposure prophylaxis will have a limited impact on HIV-1 drug resistance in sub-Saharan
Africa: a comparison of mathematical models. AIDS 2013; 27: 2943-2951 DOI

10.1097/01.aids.0000433237.63560.20

WHO implementation tool for pre-exposure prophylaxis of HIV infection.

https://www.who.int/hiv/pub/prep/prep-implementation-tool/en/

Chimbindi, N., N. Mthiyane, I. Birdthistle, S. Floyd, N. McGrath, D. Pillay, J. Seeley, T. Zuma, J.
Dreyer, D. Gareta, T. Mutevedzi, J. Fenty, K. Herbst, T. Smit, K. Baisley and M. Shahmanesh.
"Persistently high incidence of HIV and poor service uptake in adolescent girls and young women

in rural KwaZulu-Natal, South Africa prior to DREAMS." PLoS One 2018 13(10): e0203193.

Tanser F, Vandormael A, Cuadros D, Phillips AN, de Oliveira T, Tomita A, Barnighausen T, Pillay D.

Effect of population viral load on prospective HIV incidence in a hyperendemic rural African

community. Science Translational Medicine 2017 9 DOI: 10.1126/scitranslmed.aam8012

18

020z Afenuer g0 Uo Jasn 3I0A Jo AlsIoAlun ‘Atelar (190N g r Ad 8850896/299Z1/SIPJUIEE0L 0 L/10P/AOBSE-[IIB-00UBAPE/PI/W0D dNO"0lWapEoe//:SdY WO} POPEOIUMOQ


https://www.who.int/hiv/pub/prep/prep-implementation-tool/en/

20.

21.

22.

23.

24.

25.

26.

Kharsany ABM, Cawood C, Khanyile D, Lewis L, Grobler A, Puren A et al. Community-based HIV
prevalence in KwaZulu-Natal, South Africa: results of a cross-sectional household survey. Lancet

HIV 2018; 5:E427-437

Shisana, O, Rehle, T, Simbayi LC, Zuma, K, Jooste, S, Zungu N, Labadarios, D, Onoya, D et al.
(2014) South African National HIV Prevalence, Incidence and Behaviour Survey, 2012. Cape

Town, HSRC Press.

Simbayi LC, Zuma K, Zungu N, Moyo S, Marinda E, Jooste S, Mabaso M, Ramlagan S, North A, van
Zyl J, Mohlabane N, Dietrich C, Naidoo | and the SABSSMV Team (2018) South African National

HIV Prevalence, Incidence, Behaviour and Communication Survey, 2017. Cape Town: HSRC Press

Phillips AN, Venter F, Havlir D, Pozniak A, Kuritzkes D, Wensing A, et al. Risks and benefits of
dolutegravir-based antiretroviral drug regimens in sub-Saharan Africa: a modelling study. Lancet

HIV 2018 http://dx.doi.org/10.1016/52352-3018(18)30317-5

Phillips AN, Cambiano V, Nakagawa F, Revill P, Jordan MR, Hallett TB, et al. Cost-effectiveness of
public-health policy options in the presence of pretreatment NNRTI drug resistance in sub-

Saharan Africa: a modelling study. Lancet HIV. 2018 Mar;5(3):e146-e154

Salomon, J. A. et al. Common values in assessing health outcomes from disease and injury:
disability weights measurement study for the Global Burden of Disease Study 2010. The Lancet

380, 2129-2143 (2013).

Update of recommendations on first- and second-line antiretroviral

regimens. Geneva, Switzerland: World Health Organization; 2019 (WHO/CDS/HIV/19.15).

19

020z Afenuer g0 Uo Jasn 3I0A Jo AlsIoAlun ‘Atelar (190N g r Ad 8850896/299Z1/SIPJUIEE0L 0 L/10P/AOBSE-[IIB-00UBAPE/PI/W0D dNO"0lWapEoe//:SdY WO} POPEOIUMOQ


http://dx.doi.org/10.1016/S2352-3018(18)30317-5

27.

28.

29.

30.

31.

32.

Licence: CC BY-NC-SA 3.0 IGO.

Haberer JE, Baeten JM, Campbell J, Wangisi J, Katabira E, Ronald A, et al. Adherence to
Antiretroviral Prophylaxis for HIV Prevention: A Substudy Cohort within a Clinical Trial of

Serodiscordant Couples in East Africa. PLOS Medicine 2013; 10: 1001511

Baeten JM, Donnell D, Ndase P, Mugo NR, Campbell JD, Wangisi J et al. Partners PrEP Study
Team. Antiretroviral Prophylaxis for HIV Prevention in Heterosexual Men and Women. N Engl J

Med 2012; 367: 399-410.

Thigpen MC, Kebaabetswe PM, Paxton LA, Smith DK, Rose CE, Segolodi TM et al. TDF2 Study
Grp. Antiretroviral Preexposure Prophylaxis for Heterosexual HIV Transmission in Botswana. N

EnglJ Med 2012; 367: 423-434.

Eakle R, Gomez GB, Naicker N, Bothma R, Mbogua J, Cabrera Escobar MA, et al. (2017) HIV pre-
exposure prophylaxis and early antiretroviral treatment among female sex workers in South
Africa: Results from a prospective observational demonstration project. PLoS Med 14(11):

1002444, https://doi.org/10.1371/journal. pmed.1002444

Eakle R, Venter F, Rees H. Pre-exposure prophylaxis (PrEP) in an era of stalled HIV prevention:

Can it change the game? Retrovirology (2018) 15:29 https://doi.org/10.1186/s12977-018-0408-

3

Lehman DA, Baeten JM, McCoy CO, Weis JF, Peterson D, Mbara G et al. Risk of Drug

Resistance Among Persons Acquiring HIV Within a Randomized Clinical Trial of Single- or Dual-

20

020z Afenuer g0 Uo Jasn 3I0A Jo AlsIoAlun ‘Atelar (190N g r Ad 8850896/299Z1/SIPJUIEE0L 0 L/10P/AOBSE-[IIB-00UBAPE/PI/W0D dNO"0lWapEoe//:SdY WO} POPEOIUMOQ


https://doi.org/10.1371/journal
https://doi.org/10.1186/s12977-018-0408-3
https://doi.org/10.1186/s12977-018-0408-3

33.

34.

35.

36.

37.

38.

Agent Preexposure Prophylaxis. J Infect Dis 2015; 211, 8, 15: 1211-1218.

https://doi.org/10.1093/infdis/jiu677

Meyer-Rath G, Jamieson L (2018) Preliminary estimate of the unit cost of PrEP provision. Health

Economics and Epidemiology Research Office (HE2RO), Wits/ Boston

Meyer-Rath, G (2017) National ART Cost Model, South Africa. Health Economics and

Epidemiology Research Office, Boston University/ University of the Witwatersrand,

Johannesburg.

https://www.resbank.co.za/Research/Rates/Pages/SelectedHistoricalExchangeAndlnterestRates.

aspx

Meyer-Rath G, Jamieson L, Chiu C, Johnson L, Guthrie T, Pillay Y, et al. Optimising South Africa’s

HIV response: Results of the HIV Investment Case. IAEN 2016.

Claxton K, Walker S, Palmer S, Sculpher M. ‘Appropriate Perspectives for Health Care Decisions’

Centre for Health Economics Research Paper 54 University of York 2010

Woods E, Revill P, Sculpher M, Claxton K. Country-Level Cost- Effectiveness Thresholds: Initial
Estimates and the Need for Further Research.

https://www.york.ac.uk/media/che/documents/papers/researchpapers/CHERP109 cost-

effectiveness threshold LMICs.pdf

21

020z Afenuer g0 Uo Jasn 3I0A Jo AlsIoAlun ‘Atelar (190N g r Ad 8850896/299Z1/SIPJUIEE0L 0 L/10P/AOBSE-[IIB-00UBAPE/PI/W0D dNO"0lWapEoe//:SdY WO} POPEOIUMOQ


https://doi.org/10.1093/infdis/jiu677
https://www.resbank.co.za/Research/Rates/Pages/SelectedHistoricalExchangeAndInterestRates.aspx
https://www.resbank.co.za/Research/Rates/Pages/SelectedHistoricalExchangeAndInterestRates.aspx
https://www.york.ac.uk/media/che/documents/papers/researchpapers/CHERP109_cost-effectiveness_threshold_LMICs.pdf
https://www.york.ac.uk/media/che/documents/papers/researchpapers/CHERP109_cost-effectiveness_threshold_LMICs.pdf

39.

40.

41.

42.

43.

44,

Poliah P, Paruk S. Depression, anxiety symptoms and substance use amongst sex workers
attending a non-governmental organisation in KwaZulu-Natal, South Africa. South African Family

Practice , 2017, Vol.59(3), p.116-122

Johnson LF, Dorrington RE, Moolla H. Progress towards the 2020 targets for HIV diagnosis and
antiretroviral treatment in South Africa. Southern African J HIV Med 2017; 18: DOI:

10.4102/sajhivmed.v18i1.694

Huerga H, Van Cutsem G, Ben Farhat J, Puren A, Bouhenia A, Wiesner L, et al. Progress towards
the UNAIDS 90-90-90 goals by age and gender in a rural area of KwaZulu-Natal, South Africa: a
householdbased community cross-sectional survey. BMC Public Health (2018) 18:303

https://doi.org/10.1186/5s12889-018-5208-0

Tenores Study Group. Global epidemiology of drug resistance after failure of WHO
recommended first-line regimens for adult HIV-1 infection: a multicentre retrospective cohort

study. Lancet Infect Dis 2016 http://dx.doi.org/10.1016/S1473-3099(15)00536-8

Vandepitte J, Lyerla R, Dallabetta G, Crabbe F, Alary M, Buve A. Estimates of the number of
female sex workers in different regions of the world. Sex Transm Infect 2006;82(Suppl Il):iii18—

iii25. doi: 10.1136/sti.2006.020081.

Konstant TL, Rangasami J, Stacey MJ, Stewart ML, Nogoduka C. Estimating the Number of Sex

Workers in South Africa: Rapid Population Size Estimation. AIDS Behav (2015) 19:53-515 DOI

10.1007/s10461-014-0981-y

22

020z Afenuer g0 Uo Jasn 3I0A Jo AlsIoAlun ‘Atelar (190N g r Ad 8850896/299Z1/SIPJUIEE0L 0 L/10P/AOBSE-[IIB-00UBAPE/PI/W0D dNO"0lWapEoe//:SdY WO} POPEOIUMOQ


https://doi.org/10.1186/s12889-018-5208-0
http://dx.doi.org/10.1016/S1473-3099(15)00536-8

45.

46.

47.

48.

49.

50.

National Institute for communicable diseases: Communicable Diseases Communiqué. 2016; 15.
URL:http://nicd.ac.za/assets/files/NICD%20Communicable%20Diseases%20Communique_Mar2

016_final.pdf.

http://www.hsrc.ac.za/en/media-briefs/hiv-aids-stis-and-tb/world-aids-day-2018

Phillips AN, Venter F, Havlir D, Pozniak A, Kuritzkes D, Wensing A, et al. Risks and benefits of
dolutegravir-based antiretroviral drug regimens in sub-Saharan Africa: a modelling study. Lancet

HIV 2018 http://dx.doi.org/10.1016/52352-3018(18)30317-5

Molina JM, Capitant C, Spire B, et al. On-demand preexposure prophylaxis in men at high risk for

HIV-1 infection. N Engl J Med 2015; 373: 2237-46.

Bekker L-G, Roux S, Sebastien E, Yola N, Amico KR, Hughes JP, et al. on behalf of the HPTN 067
(ADAPT) study team. Daily and non-daily pre-exposure prophylaxis in African women (HPTN
067/ADAPT Cape Town Trial): a randomised, open-label, phase 2 trial. Lancet HIV 2018; 5: e68—

78.

Mugwanya KK, Pintye J, KinuthiaJ, Lagat H, Abuna F, Begnel ER, Dettinger JC, et al. Persistence

with PrEP in African adolescents and young women initiating PrEP. Conference of Retroviruses

and Opportunistic Infections, 2019, Seattle, USA.

23

020z Afenuer g0 Uo Jasn 3I0A Jo AlsIoAlun ‘Atelar (190N g r Ad 8850896/299Z1/SIPJUIEE0L 0 L/10P/AOBSE-[IIB-00UBAPE/PI/W0D dNO"0lWapEoe//:SdY WO} POPEOIUMOQ


http://www.hsrc.ac.za/en/media-briefs/hiv-aids-stis-and-tb/world-aids-day-2018

Table 1. HIV epidemic and programmatic characteristics in 2017 (KZN, South Africa), based on 500 model runs.

Characteristic

Model
(Median, 90%

range)

Examples of observed data (year)

HIV prevalence: age 15- 49 (men and women combined)

age 15-19 men / women
age 20-24 men / women
female sex workers**

HIV incidence*: age 15- 49 (men and women combined)
age 15- 24 women

female sex workers**

Proportion of new infections from new / short term partners

Proportion of HIV positive people diagnosed

Proportion of diagnosed people who are on ART

Proportion of all HIV positive people with viral load < 1000 copies/mL

27% (25% — 29%)

2.3%/7.4%
8.7% / 24.4%
72% (60% - 84%)

2.6(1.9-3.2)
3.6(2.1-5.4)
60 (28 — 109)

51% (38% - 66%)

83% (75% - 89%)

76% (70% - 83%)

50% (44% - 57%)

27% men and women (19.8% men, 33.0% women) (KZN, 2017) 22

2.2%/ 8.5% 2L (KZN 2012) 3.6% / 5.3% (KZN 2017) 2
10.0% / 25.5% 2 (KZN 2012) 7.8% / 18.1% (KZN 2017) 22
age 15-24 7.6% / 22.3% (2014/2015) 2°

76% (2015) ¥

3.3 (2012) %
1.5 women age 15-24, 0.93 women aged 15-49 (South Africa as a
whole, 2017) 22

no data identified

83% (2015) (South Africa %°); 84.9% (South Africa 2);
76% (2013) (within KZN #1); 77% men age 15-49, 90% women age 15-
4922 KZN (2017)

71% (South Africa 2?)
77% men age 15-49, 79% women age 15-49 22 KZN (2017)

55% in women, 42% in men (2014/15) (?° (< 400 copies/mL))
52% of HIV+ people are on ART with VL < 1000 (South Africa %)
67.5% of all HIV+ people, including people with VL 1000 not on ART
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Number of adults on ART

Of people on ART, proportion with VL < 1000 cps/mL

Of people who started ART 1 year ago and are still on ART, proportion with
VL < 500 cps/mL

Of people on ART with VL > 1000 cps/mL proportion
with K65R / M184V mutation in majority virus

Proportion of all people with HIV who have viral load > 1000 copies/mL

and carry M184V / K65R in majority virus.

Of people starting ART, proportion with NNRTI drug resistance
Proportion of women who are FSW**

Proportion of men age 15-64 (age 15-24) who are circumcised

Cost of clinical care (including ART costs) per year per person with HIV in

care (mean)

1,144,000

82% (79% - 88%)

80% (70% - 89%)

64% (44% - 79%) /
92% (85% - 95%)

11% (7% - 14%) /
7% (4% - 11%)

11% (5% - 17%)
2.8% (0.9% - 4.7%)
35% (31% - 45%)

$367

(KZN 22)
1,222,000 (2017) (personal communication, authors)
87% women, 84% men (2014/15) (*° < 400 copies / mL)***); 85%

(2015) (< 400 copies/mL*) ; 77% men age 15-49, 89% women age
15-49 22 KZN (2017)

no data identified

56%-60% (Africa) #2
59%-71% (Africa) 2

no data identified

14% 45,46
0.4% - 4.3% urban areas in SSA 2006 ¥ 0.9% *
32% medically circumcised 22

$240 (excluding inpatient costs) 3*

People age 15- 64 unless stated. Population size 7.1 million, AGYW 1.1 million; * (/100 person years) ** Female sex workers defined as women having >5 condomless

sex partners in a 3 month period in past year; *** some people on ART with poor adherence do not report being on ART which affects comparison of model output with

observed data.
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Table 2. Predicted effects of PrEP policies on use and intermediate health outcomes over 20 years (2017 — 2036)

Outcome mean over 3 month periods 2017 - 2036 except No PrEP PrEP-for-AGYW/FSW PreP-for-all

where stated; (90% uncertainty range; 95% confidence

interval*)

Proportion of women age 15-24 on PrEP 0% 7.6% (3.4% -12.4%; 7.3% - 7.9%) 7.9% (3.5% - 12.7%; 7.6% - 8.2%)
Proportion of people age 15-64 on PrEP 0% 1.3% (0.6% - 2.0%; 1.3% - 1.3%) 3.4% (1.9% - 5.4%; 3.4% - 3.4%)
In 2037, proportion of people age 15-64 ever taken PrEP 0% 13% (8% - 17%; 13% - 13%) 31% (23% - 39%; 31% - 32%)

Of women age 15-24 who have > 1 new condomless sex 0% 37% (28% - 45%; 36% - 38%) 37% (30% - 46%; 36% - 38%)
partner in a 3 month period, proportion on PrEP

Number of people on PrEP 0 103000 (49,000 - 159,000; 100,000 275,000 (151,000 — 444,000;

Of people on PrEP, percent with (undetected) HIV &
Of all people living with HIV, percent on ART

Of people starting ART, proportion with NNRTI drug resistance

Proportion of all people with HIV who have viral load > 1000

cps/mL and carry M184V / K65R in majority virus.

Of people starting ART, proportion with resistance to at least

one drug in their 1st-line regimen

75% (68% - 80%; 75% - 75%)
9% (4% - 14%;8% - 9%)

6% (4% - 8%; 6% - 6%) /

4% (2% - 7%; 4% - 4%)

7% (4% -10%; 7% - 7%)

—106,000)

2.7% (1.0% - 5.1%; 2.6% - 2.8%)
76% (70% - 81%; 76% - 76%)
10% (5% - 16%; 10% - 10%)

7% (4% - 9%; 7% - 7%) /

5% (2% - 7%; 5% - 5%)

11% (7% - 16%; 11% - 11%)

266,000 — 284,000)

2.1% (0.8% - 3.4%; 2.0% - 2.2%)
79% (73% - 84%; 79% - 79%)
14% (8% - 22%; 14% - 14%)

8% (5% - 10%;8% - 8%) /

6% (3% - 9%; 6% - 6%)

22% (15% - 29%; 22% - 22%)
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Of people who started ART 1 year ago and are still on ART, 84% (78% - 89%; 84% - 84%) 83% (77% - 89%; 82% - 83%) 81% (75% - 88%; 81% - 81%)

proportion with VL < 500 cps/mL

Of all people on ART, percent with viral load < 1000 copies/mL = 91% (89% - 94%; 91% - 91%) 91% (89% - 94%; 91% - 92%) 91% (89% - 94%; 90% - 91%)
Of all people living with HIV, percent with viral load < 1000 67% (61% - 74%; 67% - 68%) 69% (62% - 75%; 69% - 69%) 71% (66% - 77%; 71% - 71%)
copies/mL

Of adult population, proportion with HIV and viral load > 1000 10% (8% - 13%; 10% - 10%) 10% (7% - 12%; 10% - 10%) 8% (6% - 10%; 8% - 8%)
copies/mL

*(90% uncertainty range represent variability across scenarios (n=500) that are consistent with observed data used in calibration (likely largely due to different sexual
behaviour patterns in different scenarios - they do not include uncertainty over uptake and persistence of PrEP use)). 95% confidence interval represents uncertainty in the
mean due to stochastic uncertainty (i.e. this tends to zero with increasing number of model runs).

& reasons for HIV infection in people on PrEP are (in order of importance): Infection on PrEP with drug resistant HIV, infection on PrEP with drug sensitive HIV due to fact

that efficacy is 95% and not 100%, starting PrEP in primary infection, starting PrEP while HIV +ve due to < 100% sensitivity of HIV test.
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Table 3. Reduction in incidence, difference in response to 1°t line ART, DALYs averted and net DALYs averted with policies of PrEP-for-AGYW/FSW and

PreP-for-all. Variations in sensitivity analysis.

confidence interval.

Mean over 50 years (20 years for HIV incidence® and difference in response to 1° line ART**) and 95%

Variation from primary analysis Reduction in Incidence Difference in DALYs averted** Difference in cost (USS = Net DALYs averted**
assumptions (%)@ response to 1% line million; compared with | (percent of scenarios in
ART*™ no PrEP) which PrEP policy is the
cost-effective policy
choice”.
PrEP for PreP-for- PrEP for | PrEP-for- ~ PrEPfor | PrEP-for- | PrEP for PrEP for PrEP for PreP-for-
FSW/AGYW* all FSW/AGYW all FSW/AGYW all FSW/AGYW all FSW/AGYW all
No variation (primary analysis) 25% 33% -1% -3% 9.6 34.7 -$5.1 -$15.0 16.3 54.7
(25, 26) (32,33) (-1, -1) (-2, -3) (9.0,10.0) (33.7,35.7) (-5.4,-4.8) @ (-15.6,-14.4) (0%) (100%)
(15.3, 16.7) (54.0,
56.4)
100% adherence when on PrEP s1 41% 48% -0% -2% 20.6 58.0 -515.1 -$35.0 40.7 105.6
(39 42) (45, 50) (0,0) (-2, -2) (18.1,23.1) (51.6,64.4) (-17.0,-13.2) (-38.9-31.1) (0%) (100%)
(36.1, 45.3) (94.9,
116.3)
PrEP efficacy 80% (primary analysis: 20% 27% -1% -2% 6.3 26.3 -$1.2 -$5.2 7.8 33.2
95%) s2 (18, 22) (24, 29) (-1,0) (-2,-2) (4.5,8.1) | (21.4,31.2) (-2.8,+0.4) & (-8.5,-1.9) (5%) (95%)
(4.6,11.0) (25.2,
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Probability of re-starting PrEP during a
period with condomless sex partner(s)*
having previously interrupted for a
period with no new condomless sex
partners 50% (primary analysis: 95%) °
s3

Risk of stopping/interrupting PrEP per 3
months (despite continuing to have
new condomless sex partner(s)) 10%

rimary analysis: 3%) ° s4
(p y analy

50% of people will not consider starting
PrEP despite having condomless sex
partner(s)* (primary analysis: 15%) °

s23

Lower PrEP uptake and retention (as
reflected by simultaneous variations

above indicated by °) s25

Efavirenz as 1st-line ART in all (primary

analysis: dolutegravir as 1% line n all s8

24%
(22, 26)

20%
(17, 22)

23%
(21, 24)

17%
(16, 18)

21%
(20, 22)

32%
(29, 36)

27%
(25, 29)

19%
(18, 22)

14%
(13, 15)

24%
(22, 25)

-0%
(-1,0)

-2%
(-1,-2)

0%
(_11 0)

0%
(-1,0)

-5%
(-5, -5)

-2%
(-2,-2)

-1%
(0,-1)

-1%
(_1r _1)

-1%
(-1,-1)

-14%
(-14, -14)

8.9

(6.7,11.1)

6.5
(5.2,7.8)

6.9
(5.1, 8.8)

5.0
(3.6, 6.4)

-0.8~~
(-2.7,1.1)

32.2
(27.0, 37.7)

26.1
(22.8,29.3)

23.1
(20.2, 26.0)

16.6
(15.0, 18.2)

10.0
(6.4, 13.6)

-$4.0
(-5.9, -2.1)

-83.2
(-4.4, +2.0)

-$4.8
(-5.9,-3.7)

-$2.5
(-3.3,-1.7)

+51.6

(+0.4, +2.8)

-$13.7 14.3

(-17.9, -9.5) (3%)
(10.1, 18.5)

-$11.2 10.8

(-13.4,-9.0) (0%)
(8.3,13.3)

-$11.4 13.3

(-13.4,-9.2) (0%)

(10.6, 16.0)
-88.2 8.3
(-9.0, -7.4) (0%)
(6.3,10.3)
+50.9 -3.0~
(-1.3,+3.1) (6%)

41.2)

50.1
(97%)
(40.6,
59.6)

41.0
(100%)
(35.9,
46.1)

38.3
(100%)
(33.6,
43.0)

27.5
(100%)
(25.5,
29.5)

8.9
(60%)
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PrEP has 0.5 fold lower efficacy against
virus with k65r (regardless of presence

of m184v) s28

PrEP has zero efficacy against virus
containing both M184V and K65R

mutations s22

PrEP clinic visits and HIV testing 6
monthly (primary analysis: 3 monthly)

s9

HIV testing uses antigen/antibody tests

(primary analysis: antibody only)&

People on PrEP have 2 fold increased
numbers of condomless sex partners
due to taking PrEP (primary analysis: no

increase)

One 3 month period of PrEP while no

25%
(24, 27)

24%
(23, 26)

25%
(24, 27)

25%
(23, 26)

16%

(15, 17)

as primary

33%
(31, 35)

29%
(26, 30)

34%
(32, 35)

33%
(31, 35)

15%
(14, 16)

as

-1%
('11 O)

-1%
(-1,-1)

-1%
(-1,0)

-1%
(-1,0)

-1%

(_11 _1)

as primary

-3%
('31 '2)

-4%
(-4, -3)

-3%
(-3,-2)

-2%
(-2,-2)

-4%
(_41 _4)

as

9.2
(7.9, 10.5)

7.4
(5.9, 8.9)

8.9
(7.9,9.9)

9.4
(8.1,10.7)

-3.2~
-4.2,-2.2)

as primary

31.6
(28.1, 35.1)

25.4
(22.0, 28.8)

329
(30.0, 35.5)

35.9
(33.3, 38.5)

4.9
(2.9, 6.9)

as

-$4.6
(-5.9,-3.3)

-$3.3
(-4.8,-1.8)

-$5.8
(-6.7, -4.9)

-$5.3
(-6.2, -4.4)

+5$6.3

(+5.5,47.1)

+50.7

(-7.2,0.2) | (3.1,14.7)

-$13.6 15.3 49.6
(-15.5,-11.7) (1%) (99%)
(13.4,17.2) (44.5,

55.0)

-$4.7 11.8 31.7
(-8.3,-1.1) (6%) (94%)
(8.8, 14.8) (25.0,

38.4)

-$17.8 16.2 56.6
(-19.7, -15.9) (0%) (100%)

(14.4, 18,0) (51.0,

61.2)
-$16.3 16.5 57.6
(-18.1, -14.5) (0%) (100%)

(14.3,18.7) (53.2,

62.0)
+512.2 -11.7~~ -11.3~
(+10.8,+13.6) (5%) (27%)
(-13.4,-10.0) (-14.7,-
6.9)
+50.8 8.6 33.7
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condomless sex is experienced (not
even with a primary partner) for each 3
month period of PrEP while having
condomless sex partners* (primary
analysis: PrEP not used in 3 month
periods with no new condomless sex

partners). uses base runs

7% discount rate (primary analysis: 3%)

uses base runs

Plausible future reduced PrEP costs
(four HIV tests per year $3 each, one
annual PrEP clinic visit only, PrEP drug
$35 = $57 per year) (primary analysis:

$136 per year) uses base runs

analysis

as primary

analysis

as primary

analysis

primary

analysis

as
primary

analysis

as
primary

analysis

analysis

as primary

analysis

as primary

analysis

primary

analysis

as
primary

analysis

as
primary

analysis

analysis primary
analysis
2.7 10.6
(2.5,2.9) | (10.2,11.0)
as primary as
analysis primary
analysis

(-0.2, +1.6)

-$0.3
(-0.5,-0.1)

-$8.5
(-8.8,-8.2)

(+0.4,+1.2) (4%)
(7.9,9.3)

-$1.8 3.1

(+1.5, +2.1) (2%)
(2.8, 3.4)

-§24.5 20.9

(-25.1, -23.9) (0%)

(19.2, 22.6)

(95%)
(31.9,
35.5)

13.0
(98%)
(12.5,

13.5)

67.4
(100%)
(66.7,
68/1)

@ Reduction in incidence is shown over a shorter time period than 50 years as a mechanism of effect on DALYs is via reduction in new infections. ** Difference in of people

who started ART 1 year ago and are still on ART, proportion with VL < 500 cps/mL - differences are due to differences in drug resistance outcomes and this output is shown

over a shorter time period than 50 years as drug resistance is a mechanism of effect on DALYs ; * Reduction in incidence relates to AGYW only in relation to PrEP for AGW

and to all age 15-64 for PrEP-for-all; ** DALYS and net DALYs averted in whole population (in 1000s; net DALYs based on cost-effectiveness threshold of $750); ~ in

remainder of scenarios no PrEP introduction is the most cost-effective policy; *or a period with a primary on-going condomless sex partner who is diagnosed with HIV but
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off ART; & test cost assumed the same as antibody only test; ~ DALYs not averted, ~~ net DALYs not averted. # percentage of scenarios in which policy is cost-effective

choice considering only no PrEP and PrEP for FSW
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Legends for Figures

Figure 1. Percent reduction in HIV incidence compared with no PrEP introduction (mean over 20

years), with 95% confidence interval ™ and 90% uncertainty range *. (a) in women aged 15-

24; (b)in people aged 15-64

*90% uncertainty range represent variability across scenarios (n=500) that are consistent with observed data used in
calibration (likely largely due to different sexual behaviour patterns in different scenarios they do not include uncertainty
over uptake and persistence of use). 95% confidence interval represents uncertainty in the mean due to stochastic
uncertainty (i.e. this tends to zero with increasing number of model runs).

Figure 2. Cost, DALY and net DALY outcomes over 50 year time horizon, 3% per annum discount
rate. (a) Breakdown of costs according to policy (b) DALYs averted and increment in cost for
alternative PrEP targeting policies; PrEP-for-all is cost saving compared with no PrEP and compared
with PrEP in FSW/AGYW (c) Cumulative net DALYs averted per annum according to length of time
horizon. 3% discount rate. See appendix for similar figure but with 7% discount rate.
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