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Abstract

Background—The first antiretroviral drug (Truvada) to be used as a pre-exposure prophylaxis
(PrEP) in preventing HIV transmission is about to be approved. Behavioral studies suggest that a
portion of users may share anti-retroviral drugs with sex partners, family, or friends. Pill sharing
will decrease PrEP efficacy and adherence level, and potentially create an environment favorable
for the development of drug resistance. We aim to evaluate the potential impact of pill sharing on
the PrEP effectiveness and on the rates of drug-resistance development in heterosexual
populations.

Methods—A transmission dynamic model was used to assess the population-level impact of oral
PrEP. The fractions of new HIV infections prevented (CPF), drug resistance prevalence and the
proportion of new infections in which drug-resistant HIV is transmitted (TDR) are evaluated over
fixed time periods. The influence of different factors on CPF and TDR is studied through
simulations, using epidemic parameters representative of the countries in Sub-Saharan Africa.

Results—Without pill sharing, a 70% efficacious PrEP used consistently by 60% of uninfected
individuals prevents 52.8% (95% CI 49.4%-56.4%) of all new HIV infections over ten years with
drug-resistant HIV transmitted in 2.2% of the new infections. Absolute CPF may vary by 9% if up
to 20% of the users share PrEP while the level of TDR and total resistance prevalence may
increase by up to 6-fold due to pill sharing in some intervention scenarios.

Conclusion—RPill sharing may increase the PrEP coverage level achieved in the population but it
also affects the PrEP efficacy for the users who do not follow the prescribed schedule. More
importantly, it creates a pool of untracked users who remain unreached by the effort to avoid sub-
optimal PrEP usage by infected people. This increases substantially the potential risk of drug
resistance in the population.
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Introduction

The HIV pandemic causes more than 1.8 million deaths each year [1]. Although declining in
many countries, HIV incidence remains high with an estimated total of 2.6 million new
infections in 2009, most of which occur in Sub-Saharan Africa [1]. In addition, the number
of people living with HIV/AIDS in the world is rising steadily, due in part to increased
survival following expanded access to antiretroviral treatment (ART). The prevalence of
HIV varies greatly worldwide but is highest in Southern Africa with prevalence rates in the
heterosexual population exceeding 10% [1]. There is also evidence of substantial HIV rates
among men-having-sex-with-men (MSM) in low and middle income countries, including
Africa [1-3]. Without significant reduction in the number of new HIV infections, the burden
on the most affected countries in Sub-Saharan Africa will continue to grow to unsustainable
levels. In order to substantially reduce or locally eliminate the magnitude of the epidemic, a
more aggressive global effort to develop, test, and implement interventions to reduce HIV
transmission is needed. In the past two years four proof-of-concept trials demonstrated that
daily or coitally dependent use of pre-exposure prophylaxis (PrEP) in the form of pill (oral
PrEP) or topical gel (vaginal microbicides) is 40%-70% effective in preventing HIV
acquisition [4-7]. Although other recently concluded or ongoing trials did not confirm these
findings [8,9], the advisory panel to the Food and Drug Administration (FDA) in the United
States already recommended one antiretroviral drug (Truvada) to be used as PrEP in US [10]
and guidelines for the safe use of pre-exposure prophylaxis among MSM have recently been
published by the Center for Diseases Control (CDC) and Southern African HIV Clinicians
Society [11]. When approved PrEP products will extend the pool of options for HIV
prevention available to state and local health officials for designing wide-scale
implementation programs. One of the greatest threats that could endanger the successful
addition of PrEP to HIV prevention program is that PrEP users who become HIV-infected
may acquire drug resistance (ADR) and increase the risk of transmitted drug resistance
(TDR). Currently, few resistance cases were reported in the completed clinical trials but
PrEP users becoming HIV-infected were taken off PrEP very quickly. Studies in which short
course of tenofovir have been offered to HIV-positive individuals also did not observe
development of resistance [12,13]. This may lead to the optimistic conclusion that the
resistance due to PrEP use will be substantially smaller problem compared to the resistance
from ART. However, the implementation of PrEP outside clinical trial settings is unlikely to
require monthly monitoring of the HIV status of PrEP users. Some efforts to restrict the
usage of PrEP by HIV-infected individuals will likely be incorporated in a wide-scale PrEP
intervention program through initial and periodic HIV screening of the prescribed users but
with less intensity than what can be achieved in a clinical trial. Even if successful, these
measures will not prevent individuals from sharing their prescription with others (pill
sharing) or obtaining PrEP pills from the black market.

Experts warn that limited access to antiretroviral drugs for HIV treatment in resource-
constrained countries may pressure individuals to share their antiretroviral drugs with others
leading to sub-optimal treatment and higher risk of therapeutic failure [14]. For example, a
clinical trial among pregnant women in Kenya evaluating the compliance to Thai-CDC
regimen (zidovudine twice daily from 36 weeks gestation and 3-hourly during labor)
reported that some women used more than the prescribed number of pills and admit sharing
with family members [15]. In a home-based AIDS care program in Uganda, 6% of the
participants report sharing their antiretroviral drugs with others [16]. A behavioral
intervention trial in US (Project M1X) estimates that 2-4% of the HIV negative MSM
informally used ART prescribed to their infected partners to reduce their risk of HIV
infection [17]. Surveys of willingness to use PrEP products in seven countries demonstrated
that the majority of participants have intention to share PrEP if it is prescribed to them [18].
The effects of pill sharing on the expected public health impact of PrEP interventions have
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not been studied to date. None of the mathematical models used to simulate interventions of
oral or topical PrEP have incorporated pill sharing [19-29]. A recent modeling study
concludes that increased risk behavior and rate of emergence of drug-resistance while on
PrEP have almost no effect on the number of new infections due to exposure to resistant
strains [20] because of the short time window for individuals, who acquire resistance while
on PrEP, to transmit resistant HIV. This result is based on the assumption in the study that
all users are tested for HIV at least twice per year and immediately stop using PrEP as soon
as they are found positive, which may be difficult to achieve in real life settings.

In this paper we evaluate the potential impact of pill sharing on the PrEP effectiveness in
preventing HIV transmission and to predict the rates of drug-resistance due to PrEP use in
heterosexual populations. We develop and analyze a transmission dynamic model of HIV
epidemic to assess the population-level impact of oral PrEP in a variety of intervention
scenarios in generalised epidemics settings characterised by high HIV prevalence. We
compare the cumulative fraction of new HIV infections prevented, the cumulative fraction
of transmitted drug resistance and the prevalence of drug resistance for scenarios with and
without pill sharing over periods of PrEP use up to 20 years. The effects of intervention
parameters on the PrEP impact are studied with a multivariate sensitivity analysis.

Transmission model

We present a compartmental mathematical model of HIV transmission in heterosexual
population to study the impact of pill sharing on oral PrEP interventions (Figure 1). The
population is stratified in compartments by gender (men, women) and by HIV status as
susceptible, infected with wild-type HIV, infected with drug-resistant HIV through
transmission, individuals who developed (acquired) resistance on PrEP and individuals who
develop AIDS. Men and women who become sexually active join the community at constant
rates, which are selected to balance the departure rate in a non-infected population. The rates
at which men and women acquire HIV-infection, i.e., forces of infections for different
classes are derived from standard binomial models based on the number of partners per
susceptible person, the number of sex acts per partnership, the fraction of sex acts protected
by condoms (assumed independent of PrEP use), the protection or effectiveness provided by
PreP (if used) and the HIV acquisition risk per vaginal act for men and women. We do not
explicitly model anal intercourse because oral PrEP (unlike vaginal microbicide, [30]), can
be assumed to be efficacious during all modes of exposure, which means that our impact
estimate is not diluted by the practice of anal sex.

Epidemic settings

We use sexual behavior and epidemiological data representative for the Southern Africa
[1,31,32] to identify realistic ranges for the pre-intervention parameters of our model.
Acquisition probabilities per vaginal act with HIV infected partner for men and women are
obtained from a meta-analysis of the observational data from developing countries [33].
Demographic and sexual behavior characteristics including average number of partners per
year, frequency of sex acts, fraction of protected sex acts, and time to remain sexually active
are estimated from WHO data for South Africa and other published analyses [31,32,34].
Epidemic parameters are initially sampled uniformly from these ranges (Table 1, part A) and
1000 parameter sets are selected to produce persistent epidemics (i.e., basic reproductive
number R greater than one) and HIV prevalence between 1% and 35% in absence of PrEP
intervention. The histogram of the parameter sets with respect to the HIV prevalence (Figure
2A) shows that the vast majority of the simulated epidemics represent high prevalence
settings with 84% of the simulations yielding prevalence of 10% or higher.
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PreP efficacy and development of resistance

Pill sharing

Intervention

The results from concluded clinical trials suggest that when used consistently oral PrEP
provides protection against HIV acquisition and therefore reduces the susceptibility of the
users [5-7]. Here, PrEP efficacy per act is explored in the range of 50%-90% which is a
conservative estimate of the protection provided to perfect adherers. Age structure of the
population was not considered in the model since no significant association between
efficacy of PrEP and age has been reported to date [5]. Theoretically, ARV-based PrEP may
suppress the viral load increase of HIV-positive users and therefore reduce their risk of
transmitting the virus. Experimental studies with macaques showed that the animals which
become infected when on PrEP had significantly reduced viral load compared to controls
[35]. Studies of tenofovir use have by HIV-positive individuals also associated it with low-
level viremia [12,13,36]. This supports a potential role of PrEP in reducing infectiousness
which we incorporated in our protection mechanism. Since clinical trials have strongly
linked the level of adherence with the level of effectiveness [37-39], we assume that the
protection conferred by PrEP is reduced if they skip doses (suboptimal regimen) or if they
split pills (suboptimal dosage). Consistent PrEP use which is not able to suppress completely
HIV viremia after HIV acquisition will lead to development of drug resistance [40,41] and
that may reduce substantially the expected benefits from PrEP use. We assume 50% to
100% loss of protection when exposed to drug-resistant HIV compared to wild-type. If PrEP
use is interrupted after development of resistance, i.e. the selective pressure is removed, the
wild-type HIV is expected to regain dominance after a period which is much longer for
individuals who acquire drug-resistant HIV through transmission (TDR) compared to those
who develop resistance when on PrEP (ADR). Transmissibility of the resistant HIV is
reduced by up to 50% due to fitness cost [42,43].

In our model, PrEP users either strictly follow the prescribed daily regimen (perfect
adherers) or share their pills (primary sharers) with untracked users (secondary sharers). A
primary sharer is a user who has a prescription for PrEP and shares a fraction of his/her pills
with a family member, partner, friend (secondary user), on a regular basis. For simplicity,
we assume that primary and secondary sharers follow the same regimens of PrEP use and
are exposed to the same drug dosage which accommaodates scenarios of reduced adherence
in which sharers alternate to take pills and scenarios of reduced dosage in which sharers
physically split each pill in half but follow the prescribed schedule. As a result of this
sharing mechanism PrEP adherence and efficacy are equally affected for both the primary
and secondary sharers. Prescribed users (perfect adherers and primary sharers) undergo
initial and consequent periodic HIV testing and if found HIV-positive immediately stop
PrEP use. Secondary sharers are assumed to be tested less frequently and to remain on PrEP
significantly longer after becoming infected.

scenarios

For each parameter set, we simulate epidemics without PrEP and with intervention assuming
no pill sharing. In this baseline scenario PrEP effectiveness is fixed at 70% to match the
estimates obtained from Partners Study and approximations for full adherers from iPrEx
trial. We simulate 60% instantaneous uptake of PrEP in the uninfected population while the
initial usage by HIV infected individuals is 12% (relative reduction of 80% compared to
HIV negative). Prescribed users in the baseline scenario are tested for HIV annually and
therefore remain on PrEP for 6 months after HIV acquisition on average. Individuals using
PrEP after HIV infection are assumed to develop resistance over an average period of 1 year
while the effectiveness of PrEP against drug-resistant HIV is fixed on 25% as in [20]. The
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influence of our choice of intervention settings on the evaluation outcomes is studied in
multivariate sensitivity analysis using ranges described in Table 1, part B.

25 pill-sharing scenarios in which the fraction of prescribed PrEP users who share their pills
is varied between 0% and 20% while the relative PrEP efficacy for sharers compared to
perfect adherers is varied between 0% and 100% (0% means no protection while 100%
implies the same level of protection as for perfect adherers). The rest of the intervention
parameters are fixed on their baseline values described above (Table 1, part B).

PreEP evaluation metrics

Results

The effectiveness and drug resistance risks associated with each intervention are evaluated
through several different metrics (quantitative indicators). The benefits from PrEP use are
evaluated by the fraction of the cumulative infections (CPF) and the fraction of new AIDS
cases prevented over different periods after PrEP introduction. CPF is calculated as the
difference of the cumulative number of new HIV infections in absence and presence of PrEP
divided by the number of new infections in absence of PrEP.

The resistance risk due to PrEP is studied through the cumulative fraction of new infections
in which drug-resistant HIV is transmitted (TDR), calculated on the basis of total number of
new HIV infections, and the expected prevalence of drug resistance after fixed periods of
PrEP usage.

The results from our baseline scenario (no pill sharing) over time are presented in Figure 2.
A 70% effective oral PrEP intervention used by 60% of the population (male and females) is
predicted to prevent about 52.8% (95% CI 49.4%-56.4%) of all new HIV infections over 10
years following its introduction (10-year CPF) if perfect adherence is assumed (Figure 2B) .
CPF increases to 61.3% (95% CI 55.7%-66.7%) if evaluated over 20-year period. The use of
PrEP leads to 23.8% (95%CI 19.2%-27.4%) and 39.2% (95%CI 32.6%-44.9%) of the new
AIDS cases prevented over 10-year and 20-year period, respectively. With no pill sharing
and periodic testing of prescribed users every year the expected drug resistance due to PrEP
remains under control with total resistance prevalence (Figure 2C) and fraction of infections
in which resistant HIV is transmitted (Figure 2D) estimated between 1.5%-2.5% over 20
years of PrEP use.

The effects of pill sharing on the evaluation metrics over 10 years of PrEP use is presented
in Figure 3. The estimate of the 10-year CPF increases to 55.8% (95% CI 51.7%-60.4%) and
58.6% (95% CI 53.5%-64.3%) in populations with 10% and 20% pill sharing respectively
(Figure 3A, black), assuming no efficacy reduction for sharers (i.e. same efficacy as for
perfect adherers). This positive impact of pill sharing is due to the increased coverage
combined with the unaltered protection for the sharers. However, the CPF decreases if PrEP
efficacy for sharers is reduced. It drops below the CPF obtained in absence of sharing if
efficacy is reduced by more than 50%. For example, If PrEP efficacy for sharers is 25% of
that for full adherers then the absolute 10-year CPF is reduced by 3% and 6% in the
scenarios with 10% and 20% sharing (Figure 3A, blue), compared to the baseline scenario
assuming no sharing. In the worst case scenario in which 20% of the prescribed PrEP users
share pills and PrEP is completely ineffective for those sharers, the intervention loses about
20% of its effectiveness over 10 years due to pill sharing.

The fraction of new infections in which drug-resistant HIV is transmitted over 10 years (10-
year TDR) is also affected if pill sharing practices are assumed (Figure 2B).The expected
level of 10-year TDR increases by up to 6-fold in scenarios where the PrER efficacy for
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sharers is between 25% and 100% of the efficacy for perfect adherers (Figure 3B). The
expected TDR declines very marginally only if PrEP is assumed completely inefficient for
sharers (0% relative efficacy) due to the assumption that resistance risk is proportional to the
PrEP efficacy, i.e., with no efficacy there is no selective pressure on the viral population to
promote resistant HIV. Note that the most optimistic scenario with respect to CPF, assuming
20% pill sharing and no reduction in PrEP efficacy for sharers (i.e. 100% relative efficacy),
produces the largest 10-year TDR of 12.3% (95% CI 8%-17.3%). The total prevalence
(acquired and transmitted) of drug resistance after 10 years also increases from 2% to 11%
with the increase of pill sharing from 0% to 20% (Figure 3C). It is not affected significantly
by the variation in the PrEP protection for sharers. The fraction of the individuals with TDR
after 10 years of PrEP intervention is roughly a third of all people with drug resistance
regardless of the assumed population level of pill sharing (Figure 3D).

Next, we study the ratio of the intervention outcomes (CPF and TDR) for interventions with
10% sharing over baseline interventions (no pill sharing) and explore how it is influenced by
the magnitude of some intervention parameters. Figure 4 presents the influence of the loss of
protection due to poor adherence (suboptimal regimens) or to exposure to drug-resistant
HIV. The CPF ratio varies little over the explored ranges which indicates that the CPF is
very modestly influenced by PrEP efficacy among sharers and even less so by the efficacy
against resistant strains, at least when only 10% are sharers (Figure 4A). Note that pill
sharing has a positive effect at reducing CPF (i.e. ratio > 1) when PrEP efficacy for sharers
is relatively high (above 70% of the efficacy for perfect adherers) but detrimental when
PrEP efficacy for sharers is less than 60%. This indicates that the tradeoff between the
increase in coverage due to sharing, i.e. more individuals are exposed to PrEP, and loss of
protection for those who do not comply to the prescribed regimen may cause a delicate
balance in the effects of pill sharing on the infections prevented by PrEP. On the other hand,
sharing most certainly will contribute to greater fraction of the infections being resistant
(Figure 4B). Our analysis predicts that PrEP needs to be completely ineffective for sharers in
order to keep the TDF over 10 years at levels expected without sharing. If PrEP provides at
least 40% of its efficacy to sharers a 3-fold increase in 10-year TDR will be attributed to pill
sharing. Interestingly, the highest relative TDR levels are expected under two distinct
scenarios; i) no loss of efficacy for sharers and no efficacy against resistant HIV or ii) PrEP
protection for sharers is halved if compared to perfect adherers (50% relative efficacy) and
PrEP is equally effective against wild type and resistant HIV.

The effort to restrict PrEP usage by HIV-infected individuals (post-introduction control) has
a negligible effect on the effectiveness of the intervention but may impact the observed
incidence of transmitted drug resistance (Figure 5). Counter intuitively, the success in the
control of prescribed users when 10% of them are primary sharers leads to larger relative
TDR compared to interventions with no sharing. This may be explained by the fact that
prescribed users who acquire HIV on PrEP are the only source of drug resistant cases if all
users follow the prescribed regimen (no pill sharing) but its role diminishes with the increase
of the proportion of users who share pills. As a result, a shortening of the period of
continuous PrEP use after HIV acquisition for prescribed users have substantially stronger
effect on the TDR in the scenario with no sharing and consequently contribute to the
increase in the relative TDR. The improvement in the control of PrEP use by HIV-infected
secondary sharers leads to decrease in relative TDR because it does not interfere with the
resistance in the baseline scenario but reduces the TDR rate in the pill sharing scenarios.
However, it is difficult to be achieved as part of the PrEP intervention as secondary users
remain hidden from the health providers.

The influence of other modeling assumptions on the intervention outcomes (CPF and TDR)
over 10 years is studied in a multivariate sensitivity analysis and the correlations between
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input and output parameters are presented in figure 6. It shows that higher PrEP coverage
leads to more infections prevented but also to higher levels of resistance. The proportion of
users who share shows the strongest positive correlation with drug resistance while being
negatively correlated with PrEP effectiveness. Biological efficacy of PrEP in reducing
susceptibility is important for the CPF but has little influence on the TDR since the rate of
resistance development is assumed independent of the level of PrEP protection. PrEP
efficacy in reducing infectiousness has almost no impact on the intervention outcomes
because of the relatively short period assumed for the prescribed users to remain on PrEP
after acquiring HIV. Sensitivity analysis confirms that the relative level of PrEP protection
due to sharing and due to exposure to drug-resistant HIV have a strong influence on the
results and therefore need to be carefully studied before a particular PrEP intervention is
rolled out. The efforts to restrict PrEP use by HIV-infected individuals through periodic
testing strongly correlate with reduction in TDR but have a little influence on the CPF.

Discussion

The impact of sharing prescribed drugs on the effectiveness of HIV implementation
programs is unexplored. In this study we have investigated the issue for oral ART-based
PrEP interventions. Our analysis shows that pill sharing will increase the PrEP coverage
level by offering an access to more users and, therefore, may have a positive impact on the
observed PrEP effectiveness. On the other hand, the PrEP efficacy for users who follow
suboptimal regimens may be reduced and that may compromise the impact of the
intervention. In addition, pill sharing will create a pool of untracked users who do not
received counseling, remain hidden and unreached by the effort to avoid PrEP usage by
HIV-infected individuals. This will increase the risk for the development and spread of drug
resistance that could elevate the financial burden on the public health system.

The cumulative effect of pill sharing on the PrEP effectiveness in terms of prevented
infections over up to 20 year depends on the interplay between the increased PrEP coverage
and the reduced protection PrEP provides for sharers. The overall effect can be positive if
the efficacy reduction is relatively small since the additional protection for “new users”
overcomes the loss of protection for those who share PrEP. However, if the efficacy
reduction due to poor adherence is substantial (50% or more) the effectiveness of the PrEP
intervention would likely be reduced as well.

The presence of pill sharing clearly worsens the situation with drug resistance if PrEP is
used for extended periods. The prevalence of resistance and the fraction infections in which
resistant HIV is transmitted (TDR) and expected to triple if 10% of prescribed PrEP users
are assumed to share their drugs with a friend, a partner or a family member. The risk of
resistance spread increases under all scenarios when pill sharing is practiced and may
compromise the effort to control PrEP use by HIV-infected individuals. For instance, if a
withdrawal from PrEP 6 months after HIV acquisition is achieved the expected resistance
prevalence and the fraction of infections in which resistant HIV is transmitted remain around
2% over up to 20 years. This is consistent with the results from another modeling study [20]
in which authors concluded that, whether or not risk behavior increased, neither the rate of
emergence of resistance while on PrEP nor the testing frequency of individuals taking PrEP
would have effect on increasing the number of new infections due to resistant strains.
However, we showed that 10% pill sharing may be responsible for 2 to 4-fold increase in
TDR (Figure 5B). It should be pointed out that in our analysis the resistance levels are solely
due to PrEP use, i.e., they should be considered in excess of the resistance due to ART
failures or exposures to other preventive and treatment interventions. This analysis suggests
that the effort to restrict PrEP use by HIV-infected individuals needs to be combined with a
campaign targeting pill sharing practices.
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The results of our analysis are limited to the specific settings included in the model. One key
assumption is the mechanism of one-to-one pill sharing, i.e., one prescribed user shares with
one other individual, However, we believe that this is realistic so to handle the most likely
practices of the distribution of the pills between sharers: i) following lighter PrEP regimens,
i.e., decreasing adherence or ii) physically splitting single pills in pieces, i.e. decreasing the
dose, but keeping the prescribed regimens. The absolute impact of PrEP interventions
presented in this paper is likely overestimated by the assumption that users who do not share
their pills are perfect adherers. Concluded clinical trials which evaluate effectiveness of oral
PrEP outline the adherence as a key factor for intervention success [37-39]. We focused on
the relative impact of the pill sharing which is not likely to be affected by the overall
adherence in the population if it is preserved at the same level in all intervention scenarios.
Finally, our predictions are affected by the mechanisms of resistance development and their
dependence on the PrEP efficacy assumed in the model. We assume that if sub-optimal
usage makes PrEP less effective in preventing HIV transmission then it will also affect PrEP
ability to suppress the HIV viremia which determines the selection pressure applied on the
virus. Based on that we presume that the risk of drug resistance for pill sharers is

reduced .No experimental data is available to justify or reject this assumption and other
mechanisms could be applicable. The mechanism used in our model may underestimate the
impact of pill sharing on the expected resistance especially if the risk of resistance is
actually higher for sharers than for perfect adherers.

The main conclusion of this study is that the potential impact of pill sharing should not be
overlooked when wide-scale intervention programs of oral PrEP are planned. Data on pill
sharing and factors associated with it should be collected and monitored during the
implementation stage of these programs so to better assess their impact. In addition,
counseling and education materials should be provided to all users to emphasize the
importance of following the prescribed regimens for maximizing the personal benefits from
PrEP use.
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Flow diagram of the model. Simulated population is stratified in compartments by gender as
men (subscript g = m) or women (subscript g = w) and by HIV status as susceptibles (S),
infected with wild HIV (1), infected with drug-resistant HIV through transmission (IR),
individuals who developed (acquired ) resistance on PrEP (I;) and AIDS (A). PrEP users
may strictly follow the prescribed daily regimen (perfect adherers, superscript p) or decide
to share their pills (primary sharers, superscript p1) with untracked users (secondary sharers,

superscript p2). A complete description of the model is presented in the Technical

Appendix.
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Figure2.

Results for the baseline scenario without pill sharing. A) Histogram of the HIV prevalence
of 1,000 simulated epidemics without PrEP. B) Total (men and females combined)
cumulative fraction of cumulative fraction of new infections and AIDS cases prevented by
PrEP over up to 20 years after PrEP introduction. C) Resistance prevalence over up to 20
years after PrEP introduction D) Total fraction (cumulative and annual) of transmitted
resistance over up to 20 years after PrEP introduction the box plots (median, 2.5th, 25th,
75th, 97.5th percentiles) reflect the variation in impact estimates based on 1,000 epidemic
parameters sets used. Intervention parameters are fixed on their baseline values from Table
1, part B.
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Results for scenarios with up to 20% of users who share PrEP and different levels of relative
PrEP efficacy for sharers compared to perfect adherers. A) Total (men and females
combined) cumulative fraction of of new infections prevented by PrEP over 10 years of
intervention; B) Cumulative fraction of transmitted resistance over 10 years of intervention;
C) Total resistance prevalence (acquired and transmitted combined) after 10 years of
intervention and D) resistance prevalence by mode after 10 years of intervention assuming
75% relative protection for sharers the box plots (median, 2.5th, 25th, 75th, 97.5th
percentiles) Reflect the variation in impact estimates based on 1,000 epidemic parameters
sets used. Intervention parameters are fixed on their baseline values from Table 1, part B.
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0. 0.4 .
Relative PrEP efficacy for sharers

Impact of the relative protection (0 — no protection, 1 — equal protection) for sharers
compared to perfect adherers and for users exposed to drug-resistant compared to wild-type
HIV on A) relative CPF and B) relative TDR. Relative metrics (CPF and TDR) are
calculated as the ratios of their values for scenarios with pill sharing over baseline scenario
(no sharing). All other epidemic and intervention parameters are fixed on their baseline

values from Table 1.
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Impact of the annual rates at which prescribed users (perfect adherers and primary sharers)
and untracked users (secondary sharers) discontinue usage of PrEP after acquiring HIV on
A) relative CPF and B) relative TDR. Relative metrics (CPF and TDR) are calculated as the
ratios of their values for scenarios with pill sharing over baseline scenario (no sharing). All
other epidemic and intervention parameters are fixed on their baseline values from Table 1.
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Figure®6.
Partial rank correlation coefficients (PRCC) between intervention parameters and outcomes

(CPF and TDR). Epidemic parameters are fixed on their baseline values from Table 1, part
A
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Parameter | Description Baseline value (range) Ref.
A. Epidemic parameters (pre—intervention)l:
Male HIV acquisition risk per act 0.0038 [33]

Bm (0.0021 - 0.0068)

Female HIV acquisition risk per act 0.003 [33]

Bw (0.0019 - 0.0046)

B Relative transmissibility of drug-resistant HIV 0.75 (0.5-1) [20]

Up Average time to remain sexually active 35 years (30-40) [34, 44]
Annual rate of progression to AIDS for individuals infected with resistant and wild- 1/10 (1/12-1/7) [45, 46]
type

d.d HIV

Ny, N Average number of sexual acts per year for women and men 70 (60 — 100) [31, 32]

P Pm Average number of sexual partners per year for women and men 1.5(1-2) [31, 32]

C Rate of condom use in general population 30% (20%-40%) [31, 32]

ac Condom efficacy per act 90% (80-95%) [47]

P HIV-prevalence in absence of PrEP 21% (1-35%) [1]

Ry Basic reproduction number in absence of PrEP 1.27 (1.01- 1.55) calculated

B. Intervention parametersz:

k Fraction of PrEP users among new recruits 60% (40%- 80%) assumed

ky Initial fraction of the population who decide to use PrEP k (40%- 80%) assumed

o Fraction of PrEP users with prescription who share their pills with untracted users 10% (0%-20%) assumed

Ya Relative PrEP efficacy for sharers 50% (0%- 100%) assumed, [20]

Yr Relative PrEP efficacy for users exposed to drug-resistant HIV 25% (0%- 100%) assumed, [20]

Y PreP efficacy in reducing susceptibility per act 70% (50%- 90%) as?LSJn;f]ad,

s -

a;j PreP efficacy in reducing infectiousness per act 70% (50%- 90%) assumed

re Rate of condom replacement in PrEP users 10% (0%- 20%) assumed
Annual rate to develop resistance if acquire HIV when using PrEP (perfect 2(1-4) assumed, [20]

r adherers)

ry Annual rate to develop resistance if acquire HIV when using PrEP (sharers) var (0-4) assumed
Reduction in the initial fraction of HIV positive individuals who start using PrEP 80% (60- 100%) assumed

[ i(rEtrre(;duction control)

e Duration of continuous usage of PrEP after HIV acquisition (prescribed users) 6m (4m-1y) assumed, [20]

1/6 Duration of continuous usage of PrEP after HIV acquisition (secondary sharers) 5y (2y-10y) assumed
Annual rate of resistance reversion for infected former PrEP users who developed 3(2-4) assumed, [20]

T ?(;Sigtance when on PrEP
Annual rate of resistance reversion for individuals infected with drug-resistant HIV 0.25(0.1- 0.5) assumed, [20]

71 acquired through transmission

Ranges for epidemic parameters are sampled uniformly to obtain parameter sets which are filtered to select 1000 epidemics with R0O>1 and HIV
prevalence between 1% and 35% in absence of PrEpP.
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Ranges for intervention parameters are used in multivariate sensitivity analysis.
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