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Background. In Western Kenya up to one-quarter of the adult population was human immunodeficiency virus (HIV)-infected 
in 2012. The Ministry of Health, Médecins Sans Frontières, and partners implemented an HIV program that surpassed the 90-90-90 
UNAIDS targets. In this generalized epidemic, we compared the effectiveness of preexposure prophylaxis (PrEP) with improving 
continuum of care.

Methods. We developed a dynamic microsimulation model to project HIV incidence and infections averted to 2030. We mod-
eled 3 strategies compared to a 90-90-90 continuum of care base case: (1) scaling up the continuum of care to 95-95-95, (2) PrEP 
targeting young adults with 10% coverage, and (3) scaling up to 95-95-95 and PrEP combined.

Results. In the base case, by 2030 HIV incidence was 0.37/100 person-years. Improving continuum levels to 95-95-95 averted 
21.5% of infections, PrEP averted 8.0%, and combining 95-95-95 and PrEP averted 31.8%. Sensitivity analysis showed that PrEP 
coverage had to exceed 20% to avert as many infections as reaching 95-95-95.

Conclusions. In a generalized HIV epidemic with continuum of care levels at 90-90-90, improving the continuum to 95-95-95 
is more effective than providing PrEP. Continued improvement in the continuum of care will have the greatest impact on decreasing 
new HIV infections.

Keywords.  HIV; preexposure prophylaxis; continuum of care; Kenya.

There continue to be 1.4 to 2.4 million new human immuno-
deficiency virus (HIV) infections per year worldwide, and HIV 
remains the leading cause of mortality in sub-Saharan Africa 
[1–3]. To reduce HIV infections, improvement in the HIV 
continuum of care is among the most effective interventions 
[2, 4]. The Joint United Nations Program on HIV and AIDS 
(UNAIDS) in 2014 advocated the 90-90-90 target for 2020, 
aiming to reach 90% HIV testing coverage of the infected pop-
ulation, 90% of those infected on antiretroviral therapy (ART), 
and 90% of those on ART achieving viral suppression [5].

Ndhiwa is a recently created subcounty, part of Homa Bay 
County, in Southwest Kenya, with one of the highest HIV 
prevalences in Kenya at 24.1% [6]. Médecins Sans Frontières 

(MSF) has scaled up its activity within Ndhiwa in partnership 
with the Kenyan Ministry of Health (MoH) since 2014. A recent 
MSF cross-sectional study, the Ndhiwa HIV Impact Population 
Survey (NHIPS), found that in 2018 the MoH, MSF, and other 
partners interventions had exceeded the 90-90-90 targets [7]. 
UNAIDS has now identified a more ambitious continuum set of 
fast-track targets for 2030; the goal is a reduction in new HIV 
infections by 89% and a decrease in AIDS-related deaths by 81% 
[8]. To achieve these goals, the new continuum of care targets 
are 95-95-95 by 2030.

Preexposure prophylaxis (PrEP) is another promising HIV 
prevention intervention. It consists of providing 2-drug ART 
to HIV-negative people to prevent transmission. Four major 
randomized controlled trials have been published on PrEP to 
prevent heterosexual transmission; 2 showed a decrease in 
HIV transmission in men and women [9, 10], while 2 others 
had negative results in younger adult women (including sex 
workers) [11, 12]. The discrepancy in the results of these 
trials has been explained mostly by differences in adherence 
to PrEP [11, 12].

The objective of this study is to compare the effective-
ness of PrEP in a generalized epidemic like that in Ndhiwa, 
Southwest Kenya with achieving continuum of care targets 
of 95-95-95.
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METHODS

Analytic Overview

We developed a dynamic, open cohort, agent-based model of 
HIV disease progression and transmission to evaluate the effec-
tiveness of PrEP compared with improved continuum targets 
or added to the current continuum of care [13]. We examined 
PrEP initially with 10% coverage in younger adults (defined 
below). Continuum of care intervention impact was modeled by 
calibrating model inputs to the NHIPS survey in 2012 and the 
90-90-90 UNAIDS targets in 2020 [5, 6, 8]. We evaluated con-
tinuum of care, incidence, prevalence, and infections averted. 
The study time horizon was through 2030, 10 years after imple-
mentation of the interventions.

Model Structure

The model has 2 different modules: the HIV disease module 
and the dynamic transmission module. The HIV disease 
module divides the population into 6 health states stratified 
by sex: no HIV infection, primary HIV infection not treated, 
chronic infection not treated, chronic infection suppressed on 
ART, chronic infection not suppressed on ART, and death. HIV-
infected patients not diagnosed have a monthly probability of 

HIV diagnosis by routine testing, linkage to care if tested, and 
treatment if linked. Patients have a monthly probability of hos-
pitalization related to HIV infection, and a probability of being 
diagnosed with HIV when hospitalized. For treated patients, we 
included 2 sequential ART regimens, because third-line treat-
ment is rarely accessible in this setting [14, 15].

The dynamic transmission module divides the population 
into 2 risk groups. The younger adult (YA) group is defined by 
a high incidence of HIV infection and high number of con-
tacts (Table 1). It is made up of women aged 15–30 years and 
men aged 20–40 years. The rest of the adult population, men 
aged 15–19 and 40+ years, and women aged 30+ years, defines 
the older adult (OA) group. The YA group is characterized by 
a higher incidence but lower prevalence compared to the OA 
group. Because most infected patients from the YA group sur-
vive and become part of the OA group, where HIV infection 
still occurs, prevalence is higher in OAs than in YAs. Contacts 
can occur within the same risk group, or with individuals of 
the other risk group (Table 1). The probability of transmission 
by health state is calculated using the methods of McCormick 
et al [16]. The structure of the model is further detailed in the 
Supplementary Material.

Table 1. Input Parameters for a Modeling Analysis of Combination HIV Prevention Strategies in Rural Kenya

Parameter Base Case Value Reference

Baseline cohort characteristics   

 Mean age, y (range) 31.5 (15–99) [6]

 Female/male, % 55/45 From [6]

 Mean CD4 count at diagnosis, cells/µL (SD) 560 (230) [37]

Transmission characteristics   

Probability of transmission per contact   

 Acute infection 0.0082 Adapted from [16]

 Infected, not treated 0.0023 Adapted from [16]

 Treated, suppressed 0.0001 Adapted from [16]

 Treated, not suppressed 0.001 Adapted from [16]

Older adult population   

 Proportion, % 53 [7]

 Number of contacts, monthly 4.5 Calibration to [6]

 Proportion of contacts with older adult, % 93 Calibration to [6]

Younger adult population   

 Proportion, % 47 [7]

 Number of contacts, monthly 6 Calibration to [6]

 Proportion of contacts with younger adult, % 91 Calibration to [6]

Parameter Base case value Reference

Baseline continuum of care   

 Probability of being diagnosed if major event 0.40 Calibration to [6]

 Probability of being diagnosed through background testing, monthly 0.03 Calibration to [6]

 Probability of linkage to care when tested 0.90 Calibration to [6]

 Probability of retention in care when linked, monthly 0.99 Calibration to [6]

 Viral suppression rate at 1 y 0.99 Calibration to [6]

PrEP interventions   

 Risk reduction, % 0.75 [10]

 Coverage, among high-risk population, % 10 Assumption
Abbreviation: PrEP, preexposure prophylaxis.
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Input Data
Cohort
The modeled cohort mirrors the adult population (> 15 years) 
of Ndhiwa: 55% female with a population increase of 3.8%/
year. Characteristics of the study cohort were drawn from the 
NHIPS, a cross-sectional study conducted by MSF in 2012 
(Table 1) [6, 7].

Natural History
The natural history input data for CD4 count decline, non-
AIDS mortality, and AIDS-related mortality were derived from 
literature on African cohorts (Supplementary Table 1) [18, 19]. 
We calibrated the HIV testing probability based on the median 
CD4 count at diagnosis and the proportion of patients diag-
nosed with World Health Organization (WHO) clinical stage 
3 or 4 disease, as well as MSF data for the continuum of care 
(Table 1) [6, 7].

Continuum of Care
We ran the model for an initialization period of 30  years 
(roughly the beginning of the HIV epidemic in the region to 
the beginning of ART distribution in the late 1990s), and cali-
brated HIV prevalence, incidence and continuum of care to fit 
the 2012 epidemiological data from the Kenyan AIDS Indicator 
Survey and the NHIPS studies [6].

Strategies
95-95-95 Interventions
We modeled this intervention by calibrating the continuum of 
care to the 95-95-95 targets in 2030.

PrEP Interventions
Risk reduction in HIV infection with PrEP was 75%, as found in 
the Partners-PrEP study, which studied heterosexual couples in 
Uganda and Kenya [10]. This risk reduction includes the com-
bination of PrEP adherence and efficacy. Coverage is defined by 
the proportion of the population reached by the PrEP interven-
tion. We examined a 10% level of coverage in the YA group in 
the base case.

95-95-95 + PrEP Interventions
We modeled both continuum of care and PrEP interventions 
together.

Sensitivity Analyses

In sensitivity analyses we assessed uncertainty in parameter 
estimates.

One-Way Sensitivity Analyses
We first considered uncertainties in input variables, such as 
inputs to the transmission module (numbers of contacts, pro-
portion of contact between risk groups). Second, we varied the 
efficacies of the intervention strategies to assess how changes 

in these parameters affected the overall results, such as PrEP 
adherence, coverage, and also the continuum of care. In partic-
ular, MoH, MSF, and partners continuum of care metrics are al-
ready high in Ndhiwa, with 93.4% tested, 96.8% on ART among 
tested, and 97.7% suppression among those on ART in 2018 [7]; 
we used these levels in a sensitivity analysis.

Two-Way and Multiway Sensitivity Analyses
We varied all interventions to the upper bound (optimistic case 
scenario) or the lower bound (pessimistic case scenario) of ex-
pected efficacies.

RESULTS

Model Validation

In 2012, the HIV prevalence in the modeled population in 
Ndhiwa subcounty was 20.9% in the overall population, 18.5% 
in the YA population and 26.1% in the OA population, com-
pared to 24.1%, 22.0%, and 26.7% in the NHIPS study [6]. HIV 
incidence in the modeled population was 1.77/100 person-years 
(PY) in 2012, compared to 1.90/100 PY in the NHIPS study [6]. 
Testing coverage of the infected population in 2012 was 61.3% 
in the model and 61.8% in the NHIPS study, the proportion of 
patients on ART was 39.8% versus 42.2%, and proportion of pa-
tients who achieved virological suppression was 33.4% versus 
28.2%.

Impact of Improved Continuum of Care Interventions

Scaling-up continuum of care interventions from 90-90-90 
in 2020 to 95-95-95 in 2030 would decrease incidence from 
0.77/100 PY in 2020 to 0.27/100 PY, or a 66% reduction, by 
2030 in the YA group (22.5% of infections averted) (Figure 1 
and Table 2), from 0.43 to 0.20/100 PY, or 58% reduction, in 
the OA group (18.2% of infections averted), and from 0.66 to 
0.24/100 PY, or 63% reduction, in the overall population (21.5% 
of infections averted) (Figure 1 and Table 2).

Impact of Adding PrEP Intervention

In the YA group, in 2030, PrEP interventions with 10% coverage 
decreased incidence to 0.34/100 PY (56% reduction), which 
resulted in 9.9% of infections averted (Figure  1 and Table  2). 
In the OA group, in 2030, PrEP interventions with 10% cov-
erage in YA group decreased incidence to 0.28/100 PY (34% 
reduction), resulting in 2.0% of infections averted. The PrEP 
intervention was more effective in the YA group than in the 
OA group. In the overall population, in 2030, PrEP with 10% 
coverage in the YA group decreased incidence to 0.32/100 PY 
(51% reduction), which resulted in 8.0% of infections averted 
(Figure 1 and Table 2).

Impact of Improved Continuum of Care Combined With PrEP

In the YA group, in 2030, improved continuum of care to 95-95-
95 with the PrEP interventions decreased incidence to 0.22/100 
PY (71% reduction), which resulted in 33.7% of infections 
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averted. In the OA group, in 2030, improved continuum of 
care and PrEP interventions decreased incidence to 0.19/100 
PY (56% reduction), which resulted in 25.8% of infections 
averted. In the overall population, in 2030, incidence decreased 
to 0.21/100 PY (68% reduction), which resulted in 31.8% of in-
fections averted (Figure 1 and Table 2).

Impact on Prevalence
Improved Continuum of Care Interventions
We projected a prevalence in 2030 of 8.6% in the overall popula-
tion, with 3.6% in the YA and 19.3% in the OA group (Table 2).

Adding PrEP Intervention
PrEP intervention with 10% coverage decreased prevalence in 
the overall population to 9.1%, in the YA group to 4.0%, and in 
the OA group to 20.0% (Table 2).

Improved Continuum of Care and PrEP Interventions
Prevalence decreased in the overall population to 8.4%, in the 
YA group to 3.3%, and in the OA group to 19.4% (Table 2).

Sensitivity Analyses
One-Way Sensitivity Analyses
First, we varied the value of key parameters used to cali-
brate the base case. Specifically, we changed transmission 
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Figure 1. HIV incidence per 100 PY over time for 3 strategies compared to the base case (90-90-90), in the younger adult group (A), older adult group (B), and overall popula-
tion (C) with 10% PrEP coverage, 95-95-95, and 95-95-95 plus 10% PrEP % coverage. Abbreviations: 90-90-90, 90% HIV testing coverage, 90% of those infected on ART, and 
90% of those on ART achieving viral suppression; 95-95-95, 95% HIV testing coverage, 95% of those infected on ART, and 95% of those on ART achieving viral suppression; 
ART, antiretroviral therapy; HIV, human immunodeficiency virus; PrEP10, preexposure prophylaxis 10% coverage; PY, person year.
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parameters by increasing the proportion of sexual contacts 
between the YA and OA groups, from 91% of sexual con-
tacts of the YA group within the YA group in the base case 
to 59%, resulting in 51% of the sexual contacts of the OA 
group within the OA group (versus 93% for the base case, for 
details see Supplementary Material). This resulted in higher 
effectiveness of PrEP with 10% coverage in the OA: 11.0% of 
infections averted in the YA group, 4.2% in the OA group, 
and 9.5% in the overall population.

Two-Way Sensitivity Analyses
In two-way sensitivity analyses, we varied PrEP effectiveness 
and coverage to test the robustness of the results regarding 
infections averted. We found that PrEP was as effective as 
the 95-95-95 continuum of care when it reached 20% cov-
erage, when using the same effectiveness as in the base case 

(Figure  2). Overall, the proportion of infections averted 
reached 85.5% in the YA group with 90% PrEP efficacy and 
90% coverage, or 66.6% of infections averted in the overall 
population (Figure 2).

Multiway Sensitivity Analyses
In multiway sensitivity analyses, we adapted the base case to 
the continuum of care achieved by MoH, MSF, and partners 
in 2018 and maintained that through 2030, which would re-
sult in 98.3% tested among infected, 99.6% on ART among 
tested, and 98.2% with viral suppression among patients on 
ART (overall 96.3% viral suppression). With these continuum 
of care targets, in the model PrEP was as effective as in the 
base case scenario, with 11.4% of infections averted in YAs, 
1.2% of infections averted in OAs, and 7.8% in the overall 
population.

Table 2. HIV Prevalence in 2020 and 2030 and Infection Averted in 2030 as a Function of Continuum of Care With Addition of PrEP in Rural Kenya

Population 2020 2030

  90-90-90 95-95-95 PrEP 10% 95-95-95 + PrEP 10%

Younger adultsa      

 Incidence/100 PY 0.77 0.40 0.27 0.34 0.22

 Infections averted, %  … 22.5 9.9 33.7

 Prevalence, % 10.4 4.3 3.6 4.0 3.3

Older adultsb      

 Incidence/100 PY 0.43 0.30 0.20 0.28 0.19

 Infections averted, %  … 18.2 2.0 25.8

 Prevalence, % 26.9 20.1 19.3 20.0 19.4

Overall      

 Incidence/100 PY 0.66 0.37 0.24 0.32 0.21

 Infections averted, %  … 21.5 8.0 31.8

 Prevalence, % 15.7 9.3 8.6 9.1 8.4

Abbreviations: 90-90-90, 90% HIV testing coverage, 90% of those infected on antiretroviral therapy (ART), and 90% of those on ART achieving viral suppression; 95-95-95, 95% HIV testing 
coverage, 95% of those infected on ART, and 95% of those on ART achieving viral suppression; PrEP, preexposure prophylaxis; PY, person-years.
aYounger adult: women 15–30 years, men 15–40 years.
bOlder adult: women >30 years, men >40 years.

Population
PrEP 

e�cacy (%)
PrEP coverage (%)

10 20 30 50 70 90

YA
50 5.6 16.1 22.0 37.5 46.2 56.4
75 9.9 24.1 33.5 52.5 64.2 77.4
90 17.1 28.0 37.2 56.1 72.2 85.5

OA
50 0.0 2.9 2.3 3.0 3.3 7.6
75 2.0 2.9 3.0 4.6 9.5 8.8
90 5.1 9.0 8.0 9.6 12.1 12.4

Overall
50 4.2 12.9 17.4 42.0 35.6 44.4
75 8.0 18.9 27.2 43.4 51.5 61.3
90 14.2 23.3 28.6 35.6 56.8 66.6

Infections averted: : <25.0%,       : 25.0% to 50.0%,       : > 50.0%. 

Figure 2. Two-way sensitivity analyses (heat map). Percent of HIV infections averted with PrEP compared to base case (90-90-90), projected to 2030 in younger adult and 
overall population, depending on PrEP coverage and efficacy. Red represents the situation where infections averted were <25.0%, yellow from 25.0% to 50.0%, and green 
> 50.0%. Abbreviations: 90-90-90, 90% HIV testing coverage, 90% of those infected on ART, and 90% of those on ART achieving viral suppression; HIV, human immunodefi-
ciency virus; OA, older adult; PrEP, preexposure prophylaxis; YA, young adult.
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DISCUSSION

The ambitious 90-90-90 continuum of care targets, set by 
UNAIDS in 2014, still leave a sizeable proportion of people with 
HIV with unsuppressed viremia [8]. To get closer to ending the 
HIV epidemic, additional strategies are being focused on, spe-
cifically PrEP [8, 20]. Kenya has started the most ambitious 
PrEP roll-out program in Africa, while on its way to reaching 
the 90-90-90 targets [21]. While PrEP has been presented as the 
best complementary intervention to 90-90-90, the comparative 
effectiveness of a high level of continuum of care interventions 
and PrEP, in the era of universal test and treat (UTT), is not well 
understood.

We expanded upon a model of the 90-90-90 targets to assess 
incidence, prevalence and infections averted with the addition 
of PrEP [13]. We found that maintaining the continuum of care 
to 90-90-90 would further substantially decrease incidence, by 
63% in the overall population. This improved not only the sur-
vival of people with HIV, but also averted infections and there-
fore yielded additional years of life saved.

We found that in the context of a generalized epidemic, 
with high continuum of care targets already reached, PrEP 
has only modest additional effects on infections averted and 
decreasing incidence. We also found that achieving a 95-95-95 
continuum of care will have a greater impact on the epidemic 
than achieving 90-90-90 targets with the addition of PrEP to 
a YA population, if PrEP coverage is below 20%. In a gener-
alized HIV epidemic, transmission occurs more frequently in 
the OA group, compared to in a risk group-driven epidemic. 
Hence, PrEP is not as effective as it has been shown to be in epi-
demics driven by smaller risk groups, such as men who have sex 
with men (MSM) or people who inject drugs [22, 23]. Mixing 
between risk groups is higher in a generalized epidemic than 
in a concentrated epidemic because the proportion of sexual 
contacts between YA and OA groups is higher. Second, there is 
a competing mechanism between viral load suppression inter-
ventions, which control the source of transmission, and PrEP, 
which controls infection at “destination”.

These competing efficacies have been described in previous 
model-based analyses [24–27]. In an early study in South 
Africa, Pretorius et al compared the effectiveness and cost-ef-
fectiveness of PrEP versus UTT, with 65% of the total HIV pop-
ulation treated, following WHO recommendations at that time 
[24]. With optimistic PrEP efficacy assumptions (90% overall 
efficacy), they found that PrEP benefit decreases rapidly as ART 
coverage increases and becomes negligible with UTT. However, 
this study did not model a generalized epidemic. Cremin et al 
used the same model to compare different ART expansion pol-
icies and PrEP coverage [25]. Their results favored ART expan-
sion to 80% of infected individuals with CD4 count <350 cells/
µL, and then PrEP. They also modeled PrEP targeted to an age-
group population (age 15–24 years) and found that increasing 
PrEP coverage to 40% yields as few as 5% additional infections 

averted [25]. Alistar et al compared universal ART access and 
PrEP in South Africa and found, similar to our analysis, that 
PrEP effectiveness decreases with higher ART coverage, down 
to 20% of infections averted with PrEP added to ART cov-
erage expansion [26]. More recently, Blaizot et  al studied the 
comparative cost-effectiveness of ART expansion, voluntary 
medical male circumcision, and PrEP [28]. They used a com-
partmental model with no dynamic transmission, and ART 
expansion modeled to reach UNAIDS 90-90-90 targets. Their 
findings were consistent with ours: “ART for all” was the single 
most effective intervention to decrease incidence, and PrEP had 
a modest additional effect on incidence [28]. Our study adds 
importantly to this literature by including dynamic transmis-
sion, and by comparing continuum of care outcomes rather 
than treatment eligibility [28].

Although, the impact of “ART for all” on HIV incidence has 
been illustrated in model-based studies, results are more incon-
sistent in large-scale trials that have evaluated the effect of uni-
versal testing and treatment in the community. In the PopART 
study, a community-randomized trial conducted in Zambia and 
South-Africa, home-based HIV testing and universal ART did 
not lead to a lower incidence of HIV infection than standard 
care, although this was not anticipated and although the pro-
portion of patients with viral suppression was 16% higher in the 
intervention group [29]. The Sustainable East Africa Research 
in Community Health (SEARCH) study in Kenya and Uganda, 
which embedded treatment as prevention in an integrated 
multidisease model, also did not show an effect on HIV inci-
dence, even with 90% viral suppression among those on ART. 
This may have been related to intensive baseline community-
based HIV testing in both the intervention and control groups 
[30]. The Ya Tsie study in Botswana had 88% viral suppression 
in the intervention group and showed a 30% lower incidence in 
the intervention compared to the control group, but the differ-
ence was not significant [31]. These clinical trials illustrate the 
challenge in achieving ART coverage targets in young people, 
men, and communities at high risk of HIV infection, such as 
those with increased mobility. Notably, linkage to care and re-
tention are crucial in achieving high levels of viral suppression, 
and are difficult to achieve [32].

There are, in addition, important challenges to 
implementing PrEP in generalized epidemic settings such as 
in Southwest Kenya. The high-risk population is difficult to 
define, and so is the level of coverage [33]. This population 
represents a high proportion of the overall population, and 
to cover this population with PrEP is both difficult and costly. 
We considered PrEP coverage at 10% to be a realistic target. 
Even in developed countries, where the epidemic is driven by 
risk groups such as MSM, which are smaller in size, and with 
higher PrEP acceptability rates, few coverage rates achieve 
20%: the EPIC-NSW prospective cohort study in Australia 
reached 19.6% of the sexually active gay-identifying men 
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[22]. In the United States, in the National Cohort of Gay and 
Bisexual Men, only 12.9% of eligible men were on PrEP [34]. 
In Kenya, oral PrEP has been included in national guidelines 
since 2016. As of October 2018, 1498 facilities provided PrEP 
nationally; in Homa Bay, which includes Ndhiwa, 156 facil-
ities have delivered PrEP to 3906 clients [35]. PrEP coverage 
was assessed in the SEARCH study in Western Kenya in 2016 
[36]. They classified 33.2% of the overall adult HIV-negative 
population as at elevated HIV risk, and achieved 24.0% PrEP 
uptake within 90  days. However, one-third of participants 
who self-reported adherence had drug concentrations that 
indicated low adherence; adolescents and young adults had 
the lowest uptake. Further, 17% of community members had 
neither HIV testing nor risk assessment. This suggests addi-
tional educational and outreach efforts will be needed, par-
ticularly in younger groups, but that PrEP coverage can be 
successfully increased.

Overall, despite competing efficacies, both UTT and 
PrEP face challenges in reaching key high-risk populations. 
Efforts to reach them could benefit both UTT and PrEP 
interventions.

As with all model-based studies, this analysis is subject to 
limitations. We derived natural history input parameters from 
different African cohorts [18, 19]. We structured the model 
based on assumptions including patients who become lost to 
follow-up, informed assumptions on risk group proportions 
and behavior, and transmission between individuals occurring 
randomly among risk groups. However, our sensitivity ana-
lyses on risk group proportions and transmission parameters 
did not change the overall results. Finally, we did not perform 
cost-effectiveness analysis, which would be valuable for health 
authorities. In the era of UTT and expected low HIV incidence, 
the cost-effectiveness of PrEP should be assessed depending on 
the context. As UNAIDS recommends that PrEP should be 
offered to high-risk groups, defined by incidence higher than 
3.0/100 PY, cost-effectiveness studies can be used to weigh the 
value of PrEP roll-out compared to ART expansion in these 
populations [37].

In conclusion, based on current data for Southwest Kenya, we 
found that PrEP interventions have limited effect in the context 
of a high level of continuum of care coverage. Implementing 
PrEP, with its high cost and challenging feasibility, should be 
carefully weighed against efforts to further improve the HIV 
continuum of care in such settings.

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.

Notes

Author contribution. L. B. L. N. has full access to all the data 
in the study and final responsibility for the decision to submit 
the manuscript for publication.

Financial support. This work was supported by Médecins 
sans Frontières. 

Potential conflicts of interest. All authors: No reported con-
flicts of interest. All authors have submitted the ICMJE Form 
for Disclosure of Potential Conflicts of Interest. Conflicts that 
the editors consider relevant to the content of the manuscript 
have been disclosed.

Presented in part: Conference on Retroviruses and 
Opportunistic Infections, 7–11 March 2020, Boston, MA. 

References

1. UNAIDS. Global HIV & AIDS statistics—2019 fact sheet. 
https://www.unaids.org/en/resources/fact-sheet. Accessed 
16 May 2020.

2. McNairy ML, El-Sadr WM. Antiretroviral therapy for the 
prevention of HIV transmission: what will it take? Clin 
Infect Dis 2014; 58:1003–11.

3. GBD 2017 HIV Collaborators. Global, regional, and 
national incidence, prevalence, and mortality of HIV, 1980–
2017, and forecasts to 2030, for 195 countries and territo-
ries: a systematic analysis for the Global Burden of Diseases, 
Injuries, and Risk Factors Study 2017. Lancet HIV 2019; 
6:e831–59.

4. Granich R, Williams B, Montaner J. Fifteen million people 
on antiretroviral treatment by 2015: treatment as preven-
tion. Curr Opin HIV AIDS 2013; 8:41–9.

5. UNAIDS. 90-90-90: An ambitious treatment target to help 
end the AIDS epidemic, 2014. http://www.unaids.org/sites/
default/files/media_asset/90-90-90_en.pdf. Accessed 16 
May 2020.

6. Maman D, Zeh C, Mukui I, et al. Cascade of HIV care and 
population viral suppression in a high-burden region of 
Kenya. AIDS 2015; 29:1557–65.

7. Conan N. Progress in viral load suppression among HIV-
infected people in two high HIV prevalence settings. Oral 
Presentation, MSF Scientific Day 2018.

8. UNAIDS. Fast track: ending the AIDS epidemic by 2030. 
http://www.unaids.org/en/resources/documents/2014/
fast_track. Accessed 16 May 2020.

9. Thigpen  MC, Kebaabetswe  PM, Paxton  LA, et  al; TDF2 
Study Group. Antiretroviral preexposure prophylaxis for 
heterosexual HIV transmission in Botswana. N Engl J Med 
2012; 367:423–34.

10. Baeten  JM, Donnell  D, Ndase  P, et  al; Partners PrEP 
Study Team. Antiretroviral prophylaxis for HIV preven-
tion in heterosexual men and women. N Engl J Med 2012; 
367:399–410.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiaa633/5940739 by guest on 03 D

ecem
ber 2020

https://www.unaids.org/en/resources/fact-sheet
http://www.unaids.org/sites/default/files/media_asset/90-90-90_en.pdf
http://www.unaids.org/sites/default/files/media_asset/90-90-90_en.pdf
http://www.unaids.org/en/resources/documents/2014/fast_track
http://www.unaids.org/en/resources/documents/2014/fast_track


8 • jid 2020:XX (XX XXXX) • Luong Nguyen et al

11. Marrazzo  JM, Ramjee  G, Richardson  BA, et  al; VOICE 
Study Team. Tenofovir-based preexposure prophylaxis for 
HIV infection among African women. N Engl J Med 2015; 
372:509–18.

12. Van Damme L, Corneli A, Ahmed K, et al; FEM-PrEP Study 
Group. Preexposure prophylaxis for HIV infection among 
African women. N Engl J Med 2012; 367:411–22.

13. Luong  Nguyen  LB, Yazdanpanah  Y, Maman  D, et  al. 
Voluntary community human immunodeficiency virus 
testing, linkage, and retention in care interventions in 
Kenya: modeling the clinical impact and cost-effectiveness. 
Clin Infect Dis 2018; 67:719–26.

14. Ousley J, Niyibizi AA, Wanjala S, et al. High proportions of 
patients with advanced HIV are antiretroviral therapy ex-
perienced: hospitalization outcomes from 2 sub-Saharan 
African sites. Clin Infect Dis 2018; 66:126–31.

15. Kantor R, DeLong A, Schreier L, et al. HIV-1 second-line 
failure and drug resistance at high-level and low-level vi-
remia in Western Kenya. AIDS 2018; 32:2485–96.

16. McCormick  AW, Abuelezam  NN, Rhode  ER, et  al. 
Development, calibration and performance of an HIV 
transmission model incorporating natural history and be-
havioral patterns: application in South Africa. PLoS One 
2014; 9:e98272.

17. Lodi  S, Phillips  A, Touloumi  G, et  al. Time from human 
immunodeficiency virus seroconversion to reaching CD4+ 
cell count thresholds <200, <350, and <500 cells/mm3: as-
sessment of need following changes in treatment guidelines. 
Clin Infect Dis 2011; 53:817–25.

18. Amornkul PN, Karita E, Kamali A, et al. Disease progres-
sion by infecting HIV-1 subtype in a seroconverter cohort 
in sub-Saharan Africa. AIDS 2013; 27:2775–86.

19. Anglaret  X, Minga  A, Gabillard  D, et  al; ANRS 12222 
Morbidity/Mortality Study Group. AIDS and non-AIDS 
morbidity and mortality across the spectrum of CD4 cell 
counts in HIV-infected adults before starting antiretroviral 
therapy in Cote d’Ivoire. Clin Infect Dis 2012; 54:714–23.

20 Rivet Amico K, Bekker LG. Global PrEP roll-out: recom-
mendations for programmatic success. Lancet HIV 2019; 
6:e137–40.

21. PrEP Kenya Home page. PrEP. https://prep.nascop.org. 
Accessed 16 May 2020.

22. Grulich  AE, Guy  R, Amin  J, et  al; Expanded PrEP 
Implementation in Communities New South Wales (EPIC-
NSW) Research Group. Population-level effectiveness of 
rapid, targeted, high-coverage roll-out of HIV pre-exposure 
prophylaxis in men who have sex with men: the EPIC-NSW 
prospective cohort study. Lancet HIV 2018; 5:e629–37.

23. Traeger  MW, Cornelisse  VJ, Asselin  J, et  al; PrEPX Study 
Team. Association of HIV preexposure prophylaxis with 
incidence of sexually transmitted infections among individ-
uals at high risk of HIV infection. JAMA 2019; 321:1380–90.

24. Pretorius  C, Stover  J, Bollinger  L, Bacaër  N, Williams  B. 
Evaluating the cost-effectiveness of pre-exposure prophy-
laxis (PrEP) and its impact on HIV-1 transmission in South 
Africa. PLoS One 2010; 5:e13646.

25. Cremin I, Alsallaq R, Dybul M, Piot P, Garnett G, Hallett TB. 
The new role of antiretrovirals in combination HIV pre-
vention: a mathematical modelling analysis. AIDS 2013; 
27:447–58.

26. Alistar SS, Grant PM, Bendavid E. Comparative effective-
ness and cost-effectiveness of antiretroviral therapy and 
pre-exposure prophylaxis for HIV prevention in South 
Africa. BMC Med 2014; 12:46.

27. Luz PM, Osher B, Grinsztejn B, et al. The cost-effectiveness 
of HIV pre-exposure prophylaxis in men who have sex with 
men and transgender women at high risk of HIV infection 
in Brazil. J Int AIDS Soc 2018; 21:e25096.

28. Blaizot S, Huerga H, Riche B, et al. Combined interventions 
to reduce HIV incidence in KwaZulu-Natal: a modelling 
study. BMC Infect Dis 2017; 17:522.

29. Hayes RJ, Donnell D, Floyd S, et al. Effect of universal testing 
and treatment on HIV incidence—HPTN 071 (PopART). 
New Engl J Med 2019; 381:207–18.

30. Havlir DV, Balzer LB, Charlebois ED, et al. HIV testing and 
treatment with the use of a community health approach in 
rural Africa. N Engl J Med 2019; 381:219–29.

31. Makhema J, Wirth KE, Pretorius Holme M, et al. Universal 
testing, expanded treatment, and incidence of HIV infec-
tion in Botswana. N Engl J Med 2019; 381:230–42.

32. Brault MA, Spiegelman D, Abdool Karim SS, Vermund SH. 
Integrating and interpreting findings from the latest treatment 
as prevention trials. Curr HIV/AIDS Rep 2020; 17:249–58.

33. Dunbar MS, Kripke K, Haberer J, et al. Understanding and 
measuring uptake and coverage of oral pre-exposure pro-
phylaxis delivery among adolescent girls and young women 
in sub-Saharan Africa. Sex Health 2018; 15:513–21.

34. Parsons  JT, Rendina  HJ, Lassiter  JM, Whitfield  THF, 
Starks  TJ, Grov  C. Uptake of HIV pre-exposure prophy-
laxis (PrEP) in a national cohort of gay and bisexual men in 
the United States: the motivational PrEP cascade. J Acquir 
Immune Defic Syndr 2017; 74:285–92.

35. National AIDS and STI Control Programme (NASCOP). 
PrEP implementation status reports. https://prep.nascop.
org/reports/. Accessed 2 September 2020.

36. Koss CA, Charlebois ED, Ayieko J, et al; SEARCH Collaboration. 
Uptake, engagement, and adherence to pre-exposure prophy-
laxis offered after population HIV testing in rural Kenya and 
Uganda: 72-week interim analysis of observational data from 
the SEARCH study. Lancet HIV 2020; 7:e249–61.

37. World Health Organization. Guideline on when to start anti-
retroviral therapy and on pre-exposure prophylaxis for HIV. 
http://www.who.int/hiv/pub/guidelines/earlyrelease-arv/en/. 
Accessed 16 May 2020.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiaa633/5940739 by guest on 03 D

ecem
ber 2020

https://prep.nascop.org
https://prep.nascop.org/reports/
https://prep.nascop.org/reports/
http://www.who.int/hiv/pub/guidelines/earlyrelease-arv/en/%0d%0a

