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Tsitsi Apollo, Thato Chidarikire, John W Mellors, Urvi M Parikh, Catherine Godfrey, Valentina Cambiano, on behalf of the HIV Modelling Consortium

Summary
Background Approaches that allow easy access to pre-exposure prophylaxis (PrEP), such as over-the-counter provision 
at pharmacies, could facilitate risk-informed PrEP use and lead to lower HIV incidence, but their cost-effectiveness is 
unknown. We aimed to evaluate conditions under which risk-informed PrEP use is cost-effective.

Methods We applied a mathematical model of HIV transmission to simulate 3000 setting-scenarios reflecting a range 
of epidemiological characteristics of communities in sub-Saharan Africa. The prevalence of HIV viral load greater 
than 1000 copies per mL among all adults (HIV positive and negative) varied from 1·1% to 7·4% (90% range). We 
hypothesised that if PrEP was made easily available without restriction and with education regarding its use, women 
and men would use PrEP, with sufficient daily adherence, during so-called seasons of risk (ie, periods in which 
individuals are at risk of acquiring infection). We refer to this as risk-informed PrEP. For each setting-scenario, we 
considered the situation in mid-2021 and performed a pairwise comparison of the outcomes of two policies: immediate 
PrEP scale-up and then continuation for 50 years, and no PrEP. We estimated the relationship between epidemic and 
programme characteristics and cost-effectiveness of PrEP availability to all during seasons of risk. For our base-case 
analysis, we assumed a 3-monthly PrEP cost of US$29 (drug $11, HIV test $4, and $14 for additional costs necessary 
to facilitate education and access), a cost-effectiveness threshold of $500 per disability-adjusted life-year (DALY) 
averted, an annual discount rate of 3%, and a time horizon of 50 years. In sensitivity analyses, we considered a cost-
effectiveness threshold of $100 per DALY averted, a discount rate of 7% per annum, the use of PrEP outside of 
seasons of risk, and reduced uptake of risk-informed PrEP.

Findings In the context of PrEP scale-up such that 66% (90% range across setting-scenarios 46–81) of HIV-negative 
people with at least one non-primary condomless sex partner take PrEP in any given period, resulting in 2·6% 
(0·9–6·0) of all HIV negative adults taking PrEP at any given time, risk-informed PrEP was predicted to reduce 
HIV incidence by 49% (23–78) over 50 years compared with no PrEP. PrEP was cost-effective in 71% of all setting-
scenarios, and cost-effective in 76% of setting-scenarios with prevalence of HIV viral load greater than 1000 copies 
per mL among all adults higher than 2%. In sensitivity analyses with a $100 per DALY averted cost-effectiveness 
threshold, a 7% per year discount rate, or with PrEP use that was less well risk-informed than in our base case, PrEP 
was less likely to be cost-effective, but generally remained cost-effective if the prevalence of HIV viral load greater 
than 1000 copies per mL among all adults was higher than 3%. In sensitivity analyses based on additional setting-
scenarios in which risk-informed PrEP was less extensively used, the HIV incidence reduction was smaller, but the 
cost-effectiveness of risk-informed PrEP was undiminished.

Interpretation Under the assumption that making PrEP easily accessible for all adults in sub-Saharan Africa in the 
context of community education leads to risk-informed use, PrEP is likely to be cost-effective in settings with 
prevalence of HIV viral load greater than 1000 copies per mL among all adults higher than 2%, suggesting the need 
for implementation of such approaches, with ongoing evaluation.

Funding US Agency for International Development, US President’s Emergency Plan for AIDS Relief, and Bill & 
Melinda Gates Foundation.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Oral pre-exposure prophylaxis (PrEP) consisting of 
emtricitabine (or lamivudine) and tenofovir disoproxil 

fumarate is highly effective at preventing HIV,1 but its 
use is low in sub-Saharan Africa, the region in which 
HIV infection rates are highest. WHO recommends 
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PrEP as an “additional prevention choice for people 
at substantial risk of HIV”, provisionally defined as 
populations with annual HIV incidence higher than 3%, 
informed by estimates of what would be considered cost-
effective,2–7 and countries are left to decide policies based 
on available resources.8 PrEP programmes have often 
seen low levels of continued use.1,9,10

Providing easy and unrestricted access to PrEP drugs 
(eg, over the counter in local pharmacies), along with 
community-supported education campaigns to inform 
when PrEP use would be advised and when not, which we 
refer to as risk-informed PrEP use, could help to realise the 
benefits of PrEP. However, the potential of this strategy to 
be cost-effective is uncertain. An unrestricted PrEP delivery 
approach was successfully implemented in the Sustainable 
East Africa Research in Community Health (SEARCH) 
trial,11,12 although this was in the context of a study and 
still required health system interaction. Modelling in a 
South African context suggests that risk-targeted PrEP is 
potentially not only cost-effective, but ultimately cost-
saving.13,14 In this study, we explore the conditions under 
which widely accessible PrEP could be cost-effective in sub-
Saharan Africa. Our primary analyses assume a concen-
tration of PrEP use during periods of risk with high 
adherence to daily pill taking, which we hypothesise to be 
attainable via community-supported programmes.

Methods
Model description
Our methods are described in detail in the appendix 
(pp 1–87) and here we provide a summary. HIV Synthesis 

is an individual-based simulation model that has been 
described previously.14,15 Each model run generates a 
simulated population of adults from 1989. Variables that 
are updated 3-monthly for the entire population, include 
age, sex, primary and non-primary condomless sex 
partners, whether currently a female sex worker, HIV 
testing, male circumcision status, presence of sexually 
transmitted infections (STIs) other than HIV, and use of 
oral PrEP. In HIV-positive people, variables include time 
from infection, CD4 count, viral load, specific anti-
retroviral drugs being used, antiretroviral adherence, and 
specific drug-resistance mutations.

3000 so-called setting-scenarios were generated by 
sampling parameter values to represent a range of 
settings in sub-Saharan Africa and to incorporate 
uncertainty in model assumptions (a full list of 
parameters is provided in the appendix pp 75–85, and a 
description of characteristics in the resulting setting 
scenarios is provided in the appendix pp 6–9).

Policy comparison
For each setting-scenario, we considered the situation 
in mid-2021 and did a pairwise comparison of the 
outcomes of two policies: immediate PrEP scale-up 
and then continuation for 50 years, and no PrEP. We 
hypothesised that, in the context of easy-access PrEP 
with education and unrestricted availability, PrEP would 
be used in a risk-informed way (ie, only during so-called 
seasons of risk, which consist of one or more 3-month 
periods in which people have condomless sex with 
at least one non-primary partner, when a primary 

Research in context

Evidence before this study
Oral pre-exposure prophylaxis (PrEP) consisting of 
emtricitabine (or lamivudine) and tenofovir disoproxil 
fumarate has high efficacy in preventing HIV acquisition, 
but there are challenges to developing implementation 
approaches that realise its full benefits in sub-Saharan Africa. 
Approaches that allow easy, unrestricted local access to PrEP 
with education and support might increase risk-informed 
PrEP use and lead to lower HIV incidence, but the cost-
effectiveness of such approaches is uncertain. We searched 
Web of Science with the search terms “PrEP” or “pre-exposure 
prophylaxis” AND (list of countries in sub-Saharan Africa) 
AND (cost-effective*) on April 19, 2021, for articles in English, 
with no date restrictions. Our search identified 67 articles. 
Several modelling studies have evaluated PrEP specifically 
targeted at high-risk groups and generally found it to be 
cost-effective. Less targeted PrEP has generally been found to 
not be cost-effective.

Added value of this study
We used an individual-based model of HIV to consider the 
cost-effectiveness of easy-access PrEP for men and women with 

education to inform use during so-called seasons of risk 
(ie, periods in which individuals are at risk of acquiring 
HIV infection). We refer to this as risk-informed PrEP. We find 
that risk-informed PrEP during seasons of risk is likely to be 
cost-effective in settings with a prevalence of HIV viral load 
greater than 1000 copies per mL among all adults of higher 
than 2%.

Implications of all the available evidence
There is a substantive case for the roll-out of easily accessible, 
over-the-counter PrEP from pharmacies in communities with 
prevalence of HIV viral load greater than 1000 copies per mL 
among all adults of higher than 2%. Access will need to be 
convenient, local, and non-stigmatising and be accompanied by 
PrEP education to support risk-informed use. Early stages of the 
roll-out should be monitored to understand actual patterns of 
PrEP use, to inform real-world cost-effectiveness.
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condomless partner is known to have HIV but is not on 
antiretroviral therapy, or when a woman aged <50 years 
suspects there is a high risk her primary partner might 
have unsuppressed HIV; implemented as explained in 
the appendix pp 45–46). In our primary analysis, we 
assumed that PrEP was not used at other times, but in a 
sensitivity analysis we considered the effect of also 
using PrEP during periods when there is no risk. 
Although we assumed that PrEP would be used during 
seasons of risk, we do not suggest that programmes 
restrict use in this way.

Values of parameters determining scale-up, uptake, and 
continuation of PrEP use during seasons of risk (appendix 

pp 2–5, 45–46, 75–85) result in a mean of 66% of people 
who are HIV negative with at least one non-primary 
condomless sex partner in the current 3 month period 
being on PrEP at any given point in time (table 1), and high 
adherence to use of PrEP during periods of risk that we 
hypothesised to be attainable. We assumed PrEP efficacy 
of 90–95% if the partner who is HIV positive does not 
carry virus resistant to both emtricitabine or lamivudine 
and tenofovir disoproxil fumarate, and efficacy of 
50% (25% in sensitivity analysis) when the partner 
has virus with both Lys65Arg and Met184Val resist-
ance mutations that affect sensitivity to tenofovir and 
emtricitabine or lamivudine.16 Given our parameter values 

No PrEP Scaled-up PrEP

Proportion of HIV-negative people on PrEP

Adolescent girls and young women (15–24 years) 0% 2·2% (0·9 to 4·2)

Adult women (15–64 years) 0% 2·8% (1·0 to 5·6)

Adult men (15–64 years) 0% 2·5% (0·5 to 7·0)

Sex workers 0% 47% (32 to 64)

Of HIV-negative people with at least one non-primary condomless sex partner, proportion who are 
on PrEP

0% 66% (46 to 81)

Considering all non-primary condomless sex partnerships had by HIV-negative people, proportion of 
these for which the person was on PrEP

0% 69% (49 to 85)

Proportion of people aged 15–64 years experiencing a 3-month period in which criteria for risk-informed PrEP were fulfilled

In past year ·· 9% (4 to 19)

In past 5 years ·· 19% (9 to 33)

Of people on PrEP (in any given 3-month period), proportion who had a non-primary condomless sex 
partner in the period

·· 65% (31 to 91)

Mean number of condomless non-primary partners per 3-month period per non-sex-worker person 
on PrEP

·· 1·9 (1·0 to 3·0)

Of people on PrEP, proportion with ≥80% adherence ·· 87% (66 to 95)

Of people on PrEP, proportion with undetected HIV ·· 0·9% (0·1 to 2·4)

Proportion of all adults that have HIV and their HIV has specific mutations

Met184Val 2·8% (0·1 to 6·0) 2·8% (0·1 to 6·2)

Lys65Arg 1·3% (0·7 to 1·7) 1·3% (0·8 to 1·7)

HIV incidence in people aged 15–49 years, per 100 person-years

Incidence over 5 years 0·51 (0·11 to 1·18) 0·29 (0·05 to 0·71)

Relative incidence* ·· 0·56 (0·34 to 0·81)

HIV incidence in people on PrEP, per 100 person-years† ·· 3·2 (0·5 to 8·8)

Proportion of new infections from a non-primary partner 59% (30 to 86) 49% (17 to 82)

HIV programme costs per year (discounted at 3% per year), in millions

PrEP cost‡ $0 $21·7 (7·3 to 48·9)

Difference in cost ·· $21·7 (7·3 to 48·9)

Cost of HIV treatment and care $181·47 (61·6 to 343·6) $181·1 (61·0 to 342·8)

Difference in cost ·· –$0·3 (–4·7 to 4·1)

Total programme costs§ $224·9 (88·6 to 405·5) $248·4 (104·3 to 437·3)

Difference in cost ·· $23·5 (6·5 to 56·0)

Cost per infection averted¶ ·· $1297 (356 to 5719)

For each setting-scenario, the mean was calculated over 3-month periods between mid-2021 and mid-2026, unless otherwise stated. Data are shown as means with 
90% ranges, unless otherwise stated; 95% CIs for mean values were within 5% of the mean value in all cases, so they are not shown. Absolute numbers relate to a population 
containing 10 million adults. All costs are in $US. PrEP=pre-exposure prophylaxis. *Defined as incidence with PrEP scale-up divided by incidence with no PrEP for each 
setting-scenario. †If PrEP efficacy is 0, the mean incidence rate in people on PrEP is 10·8 per 100 person-years. ‡Not including HIV tests. §Costs in addition to PrEP and 
treatment and care include voluntary medical male circumcision and HIV testing. ¶Median over setting-scenarios with 90% range; calculated as the mean difference in 
annual cost divided by the mean annual infections averted. 

Table 1: Characteristics and predicted effects of risk-informed PrEP over 5 years
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around resistance acqui sition, the risk of resistance 
emergence for people who inadvertently take PrEP while 
having HIV (appendix pp 2–5, 45–46) is on average 7% with 
Lys65Arg and 38% with Met184Val, by 3 months of 
infection.17–19 To estimate the reduction in HIV incidence in 
PrEP users due to PrEP, we compared the incidence 
in PrEP users in the 3000 setting-scenarios with an 
additional 300 setting-scenarios in which PrEP efficacy 
was set to zero.

Cost-effectiveness analysis
Assumed costs are provided in the appendix (pp 86–87). 
In our base case, we used a cost of PrEP provision of 
US$29 per 3 months, consisting of a drug cost of $11 
(including supply chain costs, based on the South Africa 
tender price for PrEP drugs13), $4 for an HIV test per 
3 months, and $14 per 3 months for additional costs 
necessary to facilitate education and access. These add-
itional costs depend on the delivery approach; in our 
primary analysis, we used a cost similar to that used in a 
cost-effectiveness evaluation in South Africa.13 In sensitivity 
analyses, we considered lower and higher costs.6,20

We simulated the absolute numbers of health-related 
events, costs, and disability-adjusted life years (DALYs) 

for a base population of 10 million adults in 2021 over 
a 5-year and 50-year period (a justification of the 
50-year time horizon is provided on appendix p 4; 
a 20-year period is also presented on appendix 
pp 13–14). Resource use and costs were analysed from a 
health-care system perspective. We also calculated net 
DALYs, which are a measure of the health effects of an 
intervention that encompass the full implications of 
the intervention being delivered by the health-care 
system.21

In our primary analysis, we used a cost-effectiveness 
threshold of $500 per DALY averted and a 3% discount 
rate for both costs and health outcomes to calculate net 
DALYs averted. In sensitivity analyses, we considered a 
cost-effectiveness threshold of $100 per DALY averted 
and a discount rate of 7% per annum. Country-specific 
thresholds are uncertain but $500 averted per DALY is 
likely to be at the upper end on the basis of evidence of 
how resources would otherwise be used.22

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

No PrEP Scaled-up PrEP

HIV incidence

Adults (15–49 years) 0·43 (0·08 to 1·07) 0·24 (0·02 to 0·65)

Relative incidence* ·· 0·51 (0·22 to 0·77)

Adolescent girls and young women (15–24 years) 0·48 (0·07 to 1·37) 0·23 (0·01 to 0·68)

Relative incidence* ·· 0·46 (0·14 to 0·74)

HIV prevalence in adults aged 15–49 years 6·2% (1·4 to 13·9) 4·2% (0·8 to 9·7)

Prevalence of HIV viral load >1000 copies per mL among all adults (HIV positive and negative) 2·3% (0·5 to 5·2) 1·6% (0·3 to 3·7)

AIDS deaths

Number per year over 50 years 15 700 (4200 to 35 300) 13 500 (3300 to 30 800)

Averted per year ·· 2200 (–400 to 6800)

DALYs averted per year over 50 years (mean per year, discounted at 3% per year) ·· 21 600 (–2800 to 58 300)

Infections

Number per year over 50 years 55 900 (10 500 to 134 500) 32 600 (3000 to 88 900)

Averted per year over 50 years ·· 23 400 (5000 to 54 800)

HIV programme costs per year (discounted at 3% per year), in millions

PrEP cost† $0 $17·9 (5·6 to 40·9)

Difference in cost ·· $17·9 (5·6 to 40·9)

Cost of HIV treatment and care $107·0 (31·0 to 219·0) $89·1 (25·1 to 184·7)

Difference in cost ·· –$17·9 (–42·6 to –3·6)

Total programme costs $138·9 (48·3 to 267·3) $138·0 (53·6 to 257·0)

Difference in cost ·· –$0·9 (–26·8 to 23·8)

Proportion of setting-scenarios in which scaled-up PrEP is cost-saving, %‡ ·· 51%

Difference in net DALYs (mean per year over 50 years) based on a cost-effectiveness threshold 
of $500

·· –23 400 (35 800 to –101 800)

For each setting-scenario, the mean was calculated over 3-month periods between mid-2021 and mid-2071, unless otherwise stated. Data are shown as means with 
90% ranges, unless otherwise stated; 95% CIs for mean values were within 5% of the mean value in all cases, so they are not shown. Absolute numbers relate to a population 
containing 10 million adults. All costs are in $US. PrEP=pre-exposure prophylaxis. DALY=disability-adjusted life-year. *Defined as incidence with PrEP scale-up divided by 
incidence with no PrEP for each setting-scenario. †Not including HIV tests. ‡Cost-saving means that DALYs are averted and costs are saved.

Table 2: Predicted effects of risk-informed PrEP programmes over 50 years
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Results
PrEP use as modelled resulted in a mean of 2·2% 
(90% range across setting-scenarios 0·9–4·2) of 
adolescent girls and young women (aged 15–24 years), 
47% (32–64) of female sex workers, 2·8% (1·0–5·6) of 
adult women, and 2·5% (0·5–7·0) of adult men using 
PrEP at any given time (table 1). The mean proportion 
of people aged 15–64 years experiencing a 3-month 
period in the past year in which criteria for risk-
informed PrEP were fulfilled was 9% (4–19), and in 
the past 5 years was 19% (9–33). The mean number of 
condomless non-primary partners per 3-month period 
per person (non-sex worker) on PrEP was 1·9 (1·0–3·0). 
On average over a 5-year period, 87% (66–95) of people 
on PrEP had greater than 80% pill-taking adherence 
during the 3-month period.

Over a 5-year time horizon (table 1), this level of PrEP 
scale-up was estimated to result in 0·56 times (90% range 
0·34–0·81) the incidence of HIV without PrEP scale up in 
people aged 15–49 years (ie, a 44% reduced incidence). 
The incidence of new HIV infections in people on PrEP 
was 3·2 per 100 person-years. This compares with 10·8 in 
a counterfactual situation in which PrEP efficacy was 
set to zero, suggesting a 70% reduction in incidence in 
PrEP users due to PrEP. The mean additional annual 
cost incurred in the context of a country with an adult 
population of 10 million was $23·5 million per year 
(6·5 million–56·0 million), resulting in a median cost per 
infection averted of $1297 (356–5719). Considering the 
budget impact of PrEP, in the context of a median HIV 
prevalence in our setting-scenarios of approximately 10%, 
projected PrEP costs for risk-informed PrEP over 5 years 
were around 10% of total programme costs (table 1).

Over a 50-year time horizon (2021–71; table 2), the 
modelled PrEP scale-up across scenarios was estimated 
to result in 0·51 times (90% range 0·22 to 0·77) the 

Proportion of setting scenarios in 
which scaled-up PrEP is cost-
effective, % (95% CI)

Overall 71% (70–73)

HIV incidence among people aged 15–49 years in 2021, per 100 person-
years

<0·2 47% (42–52)

0·2 to <0·5 64% (61–67)

0·5 to <1·0 81% (79–84)

1·0 to <1·5 88% (84–91)

≥1·5 96% (90–99)

HIV prevalence in people aged 15–49 years in 2021, %

0–3% 40% (34–47)

4–7% 61% (58–64)

8–11% 73% (70–76)

12–15% 83% (79–86)

16–19% 89% (85–92)

≥20% 91% (86–94)

Of people with HIV, proportion with viral load <1000 copies per mL, %

<65% 72% (68–76)

65–72% 75% (73–78)

≥73% 67% (65–70)

Prevalence of HIV viral load >1000 copies per mL among all adults 
(HIV positive and negative) aged 15–64 years, %

<1% 35% (26–46)

1% to <2% 58% (54–62)

2% to <3% 65% (61–68)

3% to <5% 78% (75–80)

≥5% 86% (83–88)

Proportion of men aged 15–49 years who are circumcised, %

<33% 82% (78–85)

33–66% 72% (70–75)

≥67% 65% (62–67)

Proportion of people aged 15–49 years with one or more non-primary 
condomless sex partner per 3 months, %

<2% 81% (78–83)

2% to <4% 77% (75–80)

4% to <6% 65% (60–69)

≥6% 50% (46–54)

Mean number of condomless non-primary partners per 3 months per 
non-sex worker with non-primary partners in 2021*

<2 49% (46–53)

2 to <3 78% (75–80)

≥3 85% (83–87)

Proportion of all non-primary sex partnerships that involve a sex worker, %

<50% 71% (68–75)

50–74% 69% (66–71)

≥75% 74% (71–77)

Proportion of seasons of risk covered by PrEP use over 5 years, %†

<65% 73% (70–76)

65–79% 71% (68–74)

≥80% 70% (68–73)

(Table 3 continues in next column)

Proportion of setting scenarios in 
which scaled-up PrEP is cost-
effective, % (95% CI)

(Continued from previous column)

Effective sensitivity of HIV testing, %‡

50% 68% (60–75)

70% 70% (62–77)

90% 73% (68–77)

95% 70% (68–72)

98% 75% (69–81)

100% 74% (67–80)

PrEP=pre-exposure prophylaxis. *Not including female sex workers. †3-month 
periods in which risk-informed PrEP criteria fulfilled, but no assumption was made 
regarding pill-taking adherence during the period. ‡Sensitivity of the testing 
approach to identify a positive person; this is a combination of the inherent 
sensitivity of the test and (in the case of self-testing being available as an option) 
the probability of the test actually being performed.

Table 3: Percentage of setting-scenarios in which scaled-up PrEP is 
cost-effective according to baseline characteristics (based on 
cost-effectiveness threshold of US$500 per DALY averted)
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incidence of HIV without PrEP in people aged 15–49 years 
(ie, a 49% reduced incidence) and 14% (0 to 43) fewer 
AIDS deaths. Among adolescent girls and young women, 
the predicted incidence reduction was 54%. PrEP was 
predicted to result in a lower prevalence of HIV viral load 
greater than 1000 copies per mL among all adults (HIV 
positive and negative), from a mean of 2·3% (0·5 to 5·2) 
over 2021–71 without PrEP to 1·6% (0·3 to 3·7) with 
PrEP scale-up. Over the 50-year period, the mean annual 
DALYs averted was 21 600 (–2800 to 58 300) in the context 
of an adult population of 10 million in 2021, and total 
annual programme cost savings were $0·9 million 
(–26·8 million to 23·8 million) compared with no PrEP. 
The money saved by scaling up PrEP could be used 
elsewhere to avert 1800 more DALYs per year, based on a 
cost per DALY averted of $500, meaning a decline in net 
DALYs of 23 400 (–35 800 to 101 800).

Positive associations were found between the proportion 
of setting-scenarios in which PrEP is cost-effective and 
HIV incidence, HIV prevalence, prevalence of HIV viral 
load greater than 1000 copies per mL among all adults, 
and the mean number of condomless non-primary 
partners per 3 months per person with non-primary 
partners; a negative association was found with the 
percentage of people aged 15–49 years with one or more 
non-primary condomless sex partner per 3 months and 
the proportion of men who are circumcised (table 3). The 

cost-effectiveness of risk-informed PrEP did not seem to 
be associated with the proportion of seasons of risk 
covered by PrEP use over 5 years.

Reduced test sensitivity had little effect on the 
prevalence of people living with HIV among PrEP users 
(appendix p 15). The prevalence of drug resistance 
(Lys65Arg and Met184Val) was similar according to HIV 
test sensitivity (appendix p 16). We did not find a trend of 
lower cost-effectiveness with lower HIV test sensitivity 
(table 3). PrEP scale-up was cost-effective in 62% of 
setting-scenarios if the cost of PrEP was $10 rather than 
$4 and 74% if the cost was $2 (appendix p 17).

Risk-informed PrEP was likely to be cost-effective 
in the majority of situations with a prevalence of 
HIV viral load greater than 1000 copies per mL among all 
adults of 2% or higher, whereas PrEP was not cost-
effective if this prevalence was less than 1% (figure 1). 
In the 1·0–1·9% range, risk-informed PrEP tended to 
be cost-effective only if the proportion of people with 
more than one non-primary condomless sex partner 
per 3 months was less than around 4%. If using a 
$100 per DALY averted cost-effectiveness threshold or 
a 7% per year discount rate, PrEP was only likely to be 
cost-effective when the prevalence of HIV viral load 
greater than 1000 copies per mL among all adults was 
3% or more (figure 2). If PrEP was used when there 
was a non-primary condomless partner in the previous 

<33%

33–66%  

≥67%

Proportion of people with one or more non-primary condomless sex partner per 3 months 

Mean number of non-primary condomless sex partners per 3 months per person with non-primary condomless sex 
partners

Proportion of men aged 15–49 who 
are circumcised 

<33%

33–66%  

≥67%

Proportion of men aged 15–49 who 
are circumcised 

<33%

33–66%  

≥67%

Proportion of men aged 15–49 who 
are circumcised 

<33%

33–66%  

≥67%

Proportion of men aged 15–49 who 
are circumcised 

<33%

33–66%  

≥67%

Proportion of men aged 15–49 who 
are circumcised 

Prevalence of HIV viral load >1000 copies per mL: <1·0% 

1·0–1·9

<2·0% 2·0–3·9% 4·0–5·9% ≥6·0%

2·0–2·9 ≥3

≥80%
60% to <80%

40% to <60%
<40%

Percentage of setting-scenarios in which 
PrEP is cost-effective 

1·0–1·9 2·0–2·9 ≥3 1·0–1·9 2·0–2·9 ≥3 1·0–1·9 2·0–2·9 ≥3

Prevalence of HIV viral load >1000 copies per mL: 3·0–4·9%

Prevalence of HIV viral load >1000 copies per mL: ≥5·0%  

Prevalence of HIV viral load >1000 copies per mL: 1·0–1·9% 

Prevalence of HIV viral load >1000 copies per mL: 2·0–2·9%

Figure 1: Percentage of setting-scenarios in which PrEP scale-up is predicted to be cost-effective according to key epidemic characteristics
Further details are provided in the appendix (p 5). PrEP=pre-exposure prophylaxis.
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3-month period, even if criteria for risk-informed PrEP 
were not met in this period, then PrEP was unlikely to 
be cost-effective. If risk-informed PrEP use was instead 
concentrated in periods of 1·5 months (rather than 
3 months) around the time of condomless sex risk, it 
was very likely to be cost-effective if the prevalence of 
HIV viral load greater than 1000 copies per mL among 
all adults was 1% or more. We also separately considered 
300 additional setting-scenarios in which implementation 
of PrEP was restricted to adolescent girls and young 
women and sex workers only; this resulted in a mean 
37% decline in HIV incidence in adolescent girls and 
young women over a 50-year period, compared with a 
54% decline in adolescent girls and young women in our 
base case in which PrEP was available to all adults. This 
approach was cost-effective in 61% of setting scenarios.

We did a sensitivity analysis in which PrEP was 
assumed to have only 25% efficacy against virus with 
Lys65Arg and Met184Val mutations. The impact on 
HIV incidence was reduced (42% compared with 49%) 
and the percentage of setting-scenarios in which PrEP 
was cost-effective reduced to 63% compared with 
71% in our primary analysis.

In further sensitivity analyses, we considered the effect 
of changes in parameter values that lowered the uptake 
of risk-informed PrEP (lower willingness to take PrEP; 
lower initiation probability in people fulfilling the 
criteria for risk-informed PrEP; a higher rate of PrEP 
discontinuation and lower rate of re-initiation; or all of 
these changes together), each for 300 additional setting-
scenarios. These resulted in mean percentages of 
HIV-negative people with at least one non-primary 
condomless sex partner being on PrEP of 31% for the 
lower willingness scenario, 67% for the lower initiation 
scenario, 55% for the higher discontinuation scenario, 
and 19% for the combined scenario, compared with 
66% in our primary analysis. There was a resulting 
reduced impact of PrEP on HIV incidence over 50 years 
of 28%, 43%, 41%, and 17%, respectively, compared with 
49% in our primary analysis. However, cost effectiveness 
of risk-informed PrEP was not diminished compared 
with our primary analysis: risk-informed PrEP was cost-
effective in 69%, 77%, 72%, and 65% of setting-scenarios, 
respectively, compared with 71% in the primary analysis. 
We note that this was in the context of a fixed unit cost 
for PrEP per person on PrEP.

Lastly, we considered a sensitivity analysis in which pill-
taking adherence to PrEP was around 50% and nobody 
had adherence greater than 80% (although PrEP drug 
cost was assumed to be the same as in our primary 
analysis). This led to a percentage reduction in incidence 
over 50 years of 26%, and PrEP was cost-effective in only 
31% of setting-scenarios.

Discussion
Our modelling results suggest that making PrEP easily 
accessible in the community (eg, over the counter and 

without charge at pharmacies or through community 
distribution) for all adults during seasons of risk (ie, 
risk-informed PrEP) is likely to be cost-effective in 
communities with prevalence of HIV viral load greater 
than 1000 copies per mL among all adults (HIV positive 
and negative) of higher than 2%. Supported by the proof 
of concept from the SEARCH study that used a similarly 
inclusive approach,11,12 albeit still based on direct engage-
ment with the health-care system, our analysis reinforces 
the case for roll-out of the approach, which will need 
to be convenient, local, and non-stigmatising, and 
supported by PrEP education to facilitate risk-informed 
use. Such an approach is consistent with the new 
UNAIDS strategy for 2021–26 and its target that 95% of 
people at risk of HIV have access to and use appropriate, 
person-centred, and effective combination prevention 
options, and that we accelerate PrEP uptake for all people 
who are at substantial risk of HIV infection, including 
through simplified and differentiated approaches for 
delivery.23

The choice of settings in which easy PrEP availability will 
be implemented is likely to be guided by the prevalence of 
HIV viral load greater than 1000 copies per mL among all 
adults, with a particularly strong case for setting-scenarios 
in which this is higher than 2%. This situation presents 
challenges for national HIV programmes in countries in 
which there are some settings where easy-access PrEP 
would likely be cost-effective and others where it might 
not. We suggest an approach whereby PrEP is available 
country-wide. There will be some people at high HIV risk 
in all settings and so ideally PrEP would be accessible for 

Figure 2: Percentage of setting-scenarios in which PrEP scale-up is predicted to be cost-effective in the base 
case and various one-way sensitivity analyses
Costs are in $US. PrEP cost includes drug costs, visit costs, and HIV testing costs. Results are pooled over the factors 
in figure 1. DALY=disability-adjusted life-year. PrEP=pre-exposure prophylaxis. *Implemented by doubling the PrEP 
cost. †Implemented by halving the PrEP cost.

<1·0% 1·0–1·9% 2·0–2·9% 3·0–4·9% ≥5·0%
≥80%
60% to <80%

40% to <60%
<40%

Percentage of setting-scenarios in which 
PrEP is cost-effective 

Base case: PrEP cost $29 per 3 months, cost-effectiveness 
threshold $500 per DALY averted, discount rate 3% per year

Conditions as for base case except PrEP cost $39 per 
3 months

Conditions as for base case except PrEP cost $19 per 
3 months

Conditions as for base case except cost-effectiveness 
threshold $100 per DALY averted

Conditions as for base case except discount rate 7% per year

Conditions as for base case except PrEP less 
risk-concentrated: one extra 3-month period of PrEP use 
when no condomless sex for each period when criteria for 
risk-concentrated PrEP are met*

Conditions as for base case except PrEP more 
risk-concentrated: periods of risk last 1·5 months instead 
of 3 months†

Prevalence of HIV viral load >1000 copies per mL 

(age 15–64 years)
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all, initially with surveillance to understand PrEP use and 
programme costs.

PrEP impact depends on good pill-taking adherence 
during periods in which an individual intends to be on 
PrEP. Our assumptions result in a mean of 87% of people 
on PrEP taking at least 80% of their daily pills. This level of 
adherence has not been attained by most programmes, but 
we hypothesise that, although challenging, it is attainable 
over time as community knowledge and support increases. 
Results from implementation in rural communities in the 
SEARCH study are encouraging and show that high pill-
taking adherence to PrEP during periods of risk does 
lead to substantial declines in incidence.11,12 In SEARCH, 
HIV incidence was 74% lower among people on PrEP than 
in recent matched controls, with a median follow-up of 
1·6 years; in our modelling, incidence was 70% lower over 
5 years among people on PrEP.

We anticipate that lessons on how to support risk-
informed use and pill-taking adherence during periods 
of use can be drawn from SEARCH and adapted to other 
contexts. Other studies of improving PrEP knowledge 
and risk perception are ongoing (eg, NCT03565575).

A potential concern with initiating a roll-out of 
community-led PrEP programmes is that there will be 
overuse of PrEP (ie, substantial use by people without an 
appreciable risk of HIV acquisition), which would not be 
financially sustainable. We are not aware of evidence thus 
far for such use, but it is plausible. Monitoring of the 
proposed approach in a staggered roll-out would be 
important to assess whether PrEP as implemented will 
prove to be as cost-effective as predicted. Education is 
needed around PrEP to encourage its use at all times 
during periods of risk, but not to encourage it at all times. 
Another concern might be over the level of initial 
investment by countries needed to provide large quantities 
of PrEP in communities to meet possible demand. 
Although upfront investment would be required, the 
relatively long shelf life of oral PrEP of 4 years24 limits 
the risk of supplies remaining unused.

We found that attempts to restrict PrEP eligibility to 
adolescent girls and young women would reduce the 
benefits to adolescent girls and young women as well 
as to the community overall, consistent with previous 
modelling.25

Making PrEP easily accessible in the community for all 
adults to access during seasons of risk will require 
community buy-in. In some settings, this access might 
actually be community-led, with the many potential 
advantages that this approach has for sustained access 
and support for PrEP users.26 There is potential for 
economies of scope if the community can mobilise and 
educate beyond PrEP with a wider prevention package. 
An additional advantage of community-led risk-informed 
PrEP is that it could promote health self-efficacy and 
awareness.27 Easy access in pharmacies should also make 
PrEP accessible for sex workers, who can be highly 
mobile.

Even if ease of PrEP availability to all adults during 
seasons of risk is achieved along with high levels of PrEP 
knowledge, there remains a challenge for individuals to 
be able to adequately anticipate periods of condomless 
sex with partners of unknown HIV status and hence 
prepare by taking PrEP. A supportive factor here would 
be concurrent easy availability of post-exposure prophy-
laxis (PEP), which has a similar efficacy to PrEP if used 
within 72 h of exposure (but preferably within 24 h).28 
Having both PrEP and PEP reliably available locally 
in communities should enable knowledge able and 
motivated community members to provide themselves 
with a high level of protection during seasons of risk. 
Easily accessible PEP and emergency contra ception could 
act as a gateway to risk-informed PrEP. Because 4 weeks 
of PEP use with a regimen such as dolutegravir, tenofovir 
disoproxil fumarate, and lamivudine is no more costly 
than 3 months of PrEP, our representation of risk-
informed PrEP can be considered as including a 
component of accompanying PEP use as needed, as long 
as a course of PEP is taken no more than twice in any 
3 month period, given that the daily cost of PEP is 
approximately 1·5 times that of PrEP.29

We acknowledge uncertainty in cost estimates for oral 
PrEP and HIV testing, especially in future projections. 
The cost of PrEP drugs might increase or decrease over 
time, (eg, due to possible introduction of tenofovir 
alafenamide, which has a lower cost than tenofovir 
disoproxil fumarate). Delivery costs could also change as 
evidence accrues regarding new delivery and education 
approaches and their costs. PrEP programmes in which 
staff spend time on demand creation and screening for 
eligibility, as well as conducting STI testing, will result in 
higher costs compared with an approach in which the 
drug is available easily, such as over the counter in 
pharmacies, in the context of community education. 
Although screening tests for hepatitis and creatinine are 
suggested for PrEP users, several programmes take the 
view that this need not be an absolute requirement and 
that it is sufficient to advise users to consider attending a 
clinic to get tests for hepatitis and creatinine, and possibly 
hepatitis B vaccination, especially for those younger than 
50 years for whom the risk of renal dysfunction is 
particularly low. At such a clinic visit, it would probably 
be appropriate to test for STIs; we did not include any 
possible benefits from this in our modelling of easy 
access PrEP. We did not lower our costs for PrEP delivery 
in recognition of there being less STI, hepatitis, or 
creatinine testing and for this reason we might have 
overestimated delivery costs of easy-access PrEP. HIV 
testing costs would be substantially lower than the $4 we 
assumed if self-test kits were to be simply distributed 
from pharmacies. Any costs of ongoing monitoring of 
PrEP programmes would also need to be factored into 
the non-drug PrEP costs ($14 in our primary analysis).

In a previous analysis, we found that if PrEP use leads 
to increases in off-PrEP condomless sex, then PrEP is 
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unlikely to be cost-effective.14 Increases in condomless 
sex with partners of unknown HIV status should be 
continually assessed and addressed with strengthened 
messaging on the need to take PrEP as needed to prevent 
HIV acquisition and improved access to condoms to 
prevent other STIs to maximise the chance that PrEP 
achieves its potential as a cost-effective prevention option.

PrEP scale-up is not predicted to lead to any substantial 
increases in the proportion of the population carrying HIV 
with resistance mutations to PrEP drugs. We previously 
showed that the effects on resistance are modest if the 
first-line antiretroviral regimen is dolutegravir, tenofovir 
disoproxil fumarate, and lamivudine.14 With the expansion 
of dolutegravir-based antiretroviral therapy, the chance that 
drug resistance will pose a barrier to effective and cost-
effective use of PrEP is reduced. However, the reduced 
impact and cost-effectiveness of PrEP when we assumed 
low efficacy against virus with Met184Val and Lys65Arg 
mutations in a sensitivity analysis illustrates the fact that 
surveillance of drug resistance remains a crucial activity 
for countries and would take on an even greater importance 
if PrEP were available as we propose. The use of oral self-
test kits for people on PrEP seems to have no substantive 
detrimental impact on the prevalence of HIV in people on 
PrEP and hence also not on population levels of drug 
resistance to PrEP drugs.

In addition to those discussed already, a further 
limitation of our modelling is that little reliable data are 
available on patterns of sexual behaviour, so we aimed 
to reflect the uncertainty and variability by sampling 
from a range of parameter values in generating our 
setting-scenarios. We aimed for our setting-scenarios to 
reflect the range of epidemic characteristics within sub-
settings in countries in sub-Saharan Africa. Generating 
a range of setting-scenarios allowed us to evaluate the 
effects of epidemic and programme characteristics on 
PrEP cost-effectiveness, although some aspects are 
more representative of southern and east Africa rather 
than central or west Africa, such as the proportion of 
men who are circumcised. Although we considered 
the cost-effectiveness of PrEP in the context of 
shorter periods than 3 months by simply reducing 
the PrEP cost, we did not explicitly model 1-month 
periods because of the additional complexity. Also, our 
modelling concerned only heterosexually transmitted 
HIV. Further more, we note that the comparator for our 
policy of risk-informed PrEP is no PrEP when, in reality, 
there is currently already some use of PrEP in 
sub-Saharan Africa.

In summary, under the assumption that making PrEP 
easily accessible for all adults in sub-Saharan Africa in 
the context of community education leads to risk-
informed use, PrEP is likely to be cost-effective in 
settings with prevalence of HIV viral load greater than 
1000 copies per mL among all adults higher than 2%, 
suggesting the need for implementation of such 
approaches, with ongoing evaluation.
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