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Abstract

Introduction: HIV prevention and treatment supported by the United States President’s
Emergency Plan for AIDS Relief (PEPFAR) have saved millions of lives. Rwanda is among the
most successful countries around the world in achieving global targets with PEPFAR support.
However, abrupt funding uncertainty around PEPFAR raises concerns about continued HIV
epidemic control. We projected the impact of the Government of Rwanda’s (GoR’s) capacity to
offset the elimination of PEPFAR funding on adult HIV epidemic and care continuum outcomes
over 10 years.

Methods: Using an HIV policy model calibrated to Rwanda, we assessed: capacity to sustain HIV
services at 50% (with no capacity by GoR to cover the PEPFAR funding gap), 75%, 90%, and
100% (with full capacity by GoR to cover the PEPFAR funding gap). Scenarios were
operationalized by reducing the number on antiretroviral therapy (ART), with immediate ART
discontinuation and proportional decreases in HIV diagnosis, ART initiation, and care re-
engagement. We projected HIV epidemic outcomes (HIV prevalence, HIV incidence, number with
HIV, new HIV infections, deaths) and care continuum outcomes (percent diagnosed, percent on
ART among those diagnosed, percent virally suppressed among those on ART). We calculated
differences in projected outcomes for partial or no capacity versus full capacity. Secondary
analyses assessed delayed coverage capacity by 1 and 3 years.

Results: Compared to full capacity at 10 years, the model projected a 13.9%—38.7% increase in
HIV prevalence and 69.0%—-246.7% increase in HIV incidence across coverage capacity scenarios.
This translated to 29,000-64,000 additional adults with HIV and 20,000-92,000 cumulative new
adult HIV infections. Cumulative projected deaths increased by 10,000-51,200. The model
projected continual reductions in percent diagnosed at 10 years; percent virally suppressed among
those on ART was similar across scenarios. Higher, and more delayed, coverage capacity had
projected outcomes similar to lower, and less delayed, coverage capacity.

Conclusions: Even in countries like Rwanda that have achieved epidemic control, abrupt and
persistent elimination of PEPFAR funding could drastically reverse critical gains. Evidence
quantifying the consequences of different capacities to sustain HIV services underscores the high

stakes of rapid and sufficient action.
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Introduction

Rwanda is a remarkable global HIV success story, one of only 9 countries worldwide to have
achieved the ambitious 95-95-95 UNAIDS targets for epidemic control [1]. Rwanda’s success
relies substantially on the commitment of the Government of Rwanda (GoR) through high levels
of political will and a multisectoral response and implementation of evidence-based approaches
for HIV prevention and treatment [2]. While Rwanda has been moving toward sustainability of its
HIV response [3], like many countries in the SSA region, the success of Rwanda’s national
response also has hinged on support from external donors, especially the United States President’s
Emergency Plan for AIDS Relief (PEPFAR), which funded nearly 40% of the total HIV response
and 50% of antiretroviral therapy (ART) in Rwanda in fiscal year 2023-2024 [4, 5] .

The future of PEPFAR, however, remains uncertain. The program was reauthorized by the US
Congress for only one year (versus the previous three five-year reauthorizations) until March 25,
2025. And on January 20, 2025, President Trump issued an Executive Order freezing all US
foreign aid for 90 days, although PEPFAR subsequently secured a limited waiver allowing some
service continuation. An abrupt, persistent elimination of PEPFAR funding will result in an
approximately $60-million-dollar funding gap for Rwanda’s national response and setbacks in
epidemic control, despite the GoR’s strong willingness to increase domestic funding for HIV

programs [6, 7].

Leveraging the cohort study established under the Central Africa International epidemiology
Database on AIDS (CA-IeDEA) and the CA-IeDEA Rwanda HIV policy model [8], we projected
the impact of the capacity for sustained HIV services, including the GoR’s coverage of the

PEPFAR funding gap, on adult HIV epidemic and care continuum outcomes.

Methods

This study was approved by the Republic of Rwanda National Ethics Committee (approval number
RNEC660), Albert Einstein College of Medicine Office of Human Affairs (approval number 2021-
13394) and Virginia Commonwealth University Institutional Review Board (approval number
HM20008203). Consent was not obtained, as the study used secondary data with no identifiable

information.
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Scenarios

We assessed four scenarios regarding the capacity for sustained HIV services in Rwanda, including
the Government of Rwanda (GoR) to cover a 10-year PEPFAR funding gap starting in 2025: 50%
sustained (with no capacity by the GoR to cover the PEPFAR funding gap), 75% sustained, 90%
sustained, and 100% sustained (with full capacity by the GoR to cover the PEPFAR funding gap).
All scenarios assumed a complete and persistent elimination of PEPFAR support over 10 years [4,
5]. The scenarios were operationalized in terms of reductions in the total number on ART [9].
Therefore, the 50% sustained scenario assumed a 50% reduction in the number of people on ART,
the 75% sustained scenario assumed a 25% reduction and the 90% sustained a 10% reduction. The
100% sustained scenario assumed no reduction in the number of people on ART and also can be

interpreted as no reduction in PEPFAR funding. The scenarios were constant over time.

In secondary analysis, we examined the sensitivity of projected outcomes to the timing of
Rwanda’s national response, assuming the GoR’s response may require additional planning such
that coverage of the PEPFAR funding gap may not be immediate. Accordingly, we assessed the

base case scenarios under the assumptions of 1-year and 3-year temporary delays in response.

Model

We used the CA-IeDEA Rwanda HIV policy model, a deterministic dynamic compartmental
model calibrated to adults 15-64 years [8]. The model includes compartments for HIV disease
progression by CD4 stratum and care engagement (i.e., undiagnosed, diagnosed, linked, on ART
with suppressed HIV viral load, on ART but not suppressed, lost to follow-up (LTFU)). The
modeled population is stratified into 35 sub-populations by age, sex, risk (including female sex
workers and men who have sex with men), and urbanicity to capture differences in risk of HIV
acquisition. Using 50 best-fitting parameter sets from the calibrated model [8], the model projects
HIV epidemic and care continuum outcomes, 2004—2035. For the current analysis, HIV epidemic
outcomes include: HIV prevalence (%), HIV incidence (number of new infections per 1,000
population), the annual number of new cases, the number of people with HIV and cumulative
deaths among people with HIV. HIV care continuum outcomes include: the percent of people

diagnosed with HIV, on ART among those diagnosed, and HIV virally suppressed among those
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on ART, reflecting global targets. We reported incremental differences and percentage change in
mean projected outcomes for the 50% sustained, 75% sustained, and 25% sustained scenarios

compared, separately, to the 100% sustained scenario between 2025 and 2035.

Population distribution and parameter values

We adjusted the model’s 2025 projected population distribution across compartments. For each
scenario-specific reduction in ART coverage, we assumed that half of people for whom ART was
discontinued in 2025 remained in care with non-ART-related clinical support while the remainder
were lost from care. We assumed that people who were virally suppressed, but for whom ART
was abruptly discontinued due to elimination of PEPFAR support, had CD4 counts >500 cells/uL
[10]; we also assumed that those who were on ART and not virally suppressed, but for whom ART
was abruptly discontinued due to elimination of PEPFAR support, had CD4 counts >200-350
cells/uL [11].

Model parameter values came from multiple sources (Table 1). Parameter values related to HIV
acquisition came from the literature and national surveys [12-22]. Transition probabilities for
natural history disease progression, HIV viral suppression, virologic failure of available ART
regimens, and loss to follow-up came from the CA-IeDEA Rwanda cohort [23]. Transition
probabilities for HIV diagnosis and linkage to care came from national surveys and the literature
[14-16, 24-27]. We assumed that changes in capacity to sustain HIV programs would decrease
probabilities of HIV diagnosis, ART initiation, and re-engagement in care. These decreases reflect
potential clinical and resource allocation decisions made due to limited availability of diagnostics,
medication, and related infrastructure, as well as potential behavioral changes resulting in delayed
initial presentation to clinical care [28, 29]. We modeled the decreases by applying multiplicative
adjustments to parameters for HIV diagnosis, ART initiation and re-engagement. These

adjustments resulted in a constant number of people on ART for a given scenario over time.
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Table 1. Select model parameters

Baseline value(s)® Data source(s)

Panel A. Parameters

Force of infection

Probability of HIV transmission per sex act 0.0005-0.0087  Boily (2009) [12], Vittinghoff (1999) [13]
Proportion consistently using condoms 4%—-62% DHS Rwanda (2005, 2010, 2015) [14-16], BBSS (2010, 2020) [17, 18]
Effectiveness of condoms 0.80 Weller (2002) [19]
Effectiveness of viral suppression on HIV transmission 0.966 Supervie (2014) [20]
Number of sex acts 1-40 Braunstein (2011a) [21], Binagwaho (2010) [22]
Transition probabilities (monthly) for infectious compartments
Susceptible population growth rates 0.09%-0.45%  World Bank [30]
Natural history disease progression, by sex 0.008-0.099  CA-IeDEA (Rwanda, 2004-2020) [23]
Diagnosis, by CD4 stratum and year 0.016-0.241 DHS Rwanda (2005, 2010, 2015) [14-16], Okal (2017) [27], Ntale (2019) [26]
Linkage to care, by CD4 stratum and year 0.075-0.207 Nsanzimana (2015) [25], Braunstein (2011b) [24], Okal (2017) [27]
Loss to follow-up, by CD4 stratum and ART status 0.011-0.021 CA-IeDEA (Rwanda, 2004-2020) [23]
On ART and virally suppressed, by CD4 stratum and year 0.003-0.148 CA-IeDEA (Rwanda, 2004-2020) [23]
On ART and virologic failure of available regimens, by CD4 stratum 0.001-0.002 CA-IeDEA (Rwanda, 2004-2020) [23]
Re-engagement in care® 0.023 CA-IeDEA (Rwanda, 2004-2020) [23]
]

Death on ART and virally suppressed, by sub-population and CD4 stratum®  0.0002-0.017  CA-IeDEA (Rwanda, 2004-2020) [23

Multiplicative adjustments for probabilities of diagnosis, ART initiation and ART re-engagement

2025 adjustments® 2026+ adjustments®
CD4 >500 CD4 >350-500 CD4 >200-350 CD4 <200
100% sustained scenario 1 1 1 1 1
90% sustained scenario 0 04 0.6 0.9 1
75% sustained scenario 0 0.1 0.25 0.5 0.7
50% sustained scenario 0 0 0.05 0.1 0.3

Abbreviations: DHS=Demographic and Health Survey; BBSS=Behavioral and Biological Surveillance Survey; CA-leDEA= Central Africa International epidemiology Databases to Evaluate AIDS
2 Ranges across all sub-populations and years are reported. ® Represents the baseline value for re-engagement in care among those with CD4 cell count <200 cells/uL, which is adjusted by CD4
stratum. ¢ Adjustments were applied annually to monthly probabilities.
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Results

Baseline analysis

Decreasing capacity for the GoR to cover a complete, persistent PEPFAR funding gap worsened
adult HIV epidemic outcomes over time (Figure 1). Compared to /00% sustained at 10 years,
projected HIV prevalence increased from 1.8% to 2.0% (+13.9% increase) for 90% sustained and
to 2.5% (+38.7% increase) for 50% sustained. This was accompanied by projected HIV incidence
per 1,000 population increasing from 0.44 to 0.75 (+69.0% increase) for 90% sustained and to
1.53 (+246.7% increase) for 50% sustained, with sharp concomitant increases in new HIV cases
by nearly 2,800 (+68.3% increase) and 9,900 (+241.9% increase), respectively, at 10 years. Over
10 years, the projected number of adults with HIV increased to over 192,000 (90% sustained,
+13.8% increase) and to 233,000 (50% sustained, +38.0% increase) in 2035. Ten-year cumulative
new adult HIV cases increased from 40,000 to 63,000 (90% sustained, +58.1% increase) and to
132,000 (50% sustained, +229.1% increase), while 10-year cumulative deaths increased to 48,000
(90% sustained, +25.9% increase) and to 90,000 (50% sustained, +133.8% increase), compared to
38,000 deaths if there were no loss of PEPFAR funding (100% sustained).
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Figure 1. Projected HIV epidemic outcomes in Rwanda by 2035 (ages 15-64 years)
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Decreasing capacity by the GoR to cover a complete, persistent PEPFAR funding gap had varied
impact on projected HIV care continuum outcomes by 2035 (Figure 2). The projected percentage
of people diagnosed with HIV had continual reductions, with decreases from 95.3% for 100%
sustained to 79.5% (90% sustained, —16.6% decrease) and 53.9% (50% sustained, —43.5%
decrease) by 2035. There were sharp reductions in the projected percentage of people on ART
among those diagnosed in 2025 to as high as a 54.5% decrease (50% sustained compared to 100%
sustained). However, these reductions diminished over time: in 2035, projections for ART
coverage among diagnosed PLWH decreased from 94.3% for 100% sustained to 89.6% (90%
sustained, —5.0% decrease) and to 61.0% (50% sustained, —35.3% decrease). Finally, projections
for the percentage of people virally suppressed among those on ART by 2035 remained similar

across scenarios (approximately a 1% difference), but showed a downward trend.
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Figure 2. Projected HIV care continuum outcomes in Rwanda by 2035 (ages 15-64 years)
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Secondary analysis

Projected HIV epidemic outcomes were sensitive to the length of time required for GoR to begin
covering the PEPFAR funding gap. Across scenarios, projected outcomes generally worsened as
delays in covering the PEPFAR funding gap grew, although the impact of the delays diminished
as coverage capacity decreased. Further, higher, and more delayed, coverage capacity had
projected outcomes similar to lower, and less delayed, coverage capacity. For example, by 2035,
the number of new infections projected for a three-year delay in 90% sustained was similar to
immediate 75% sustained (9,400 vs. 9,400, respectively), while the number with HIV projected
from a 3-year delay in 75% sustained was similar to 50% sustained (232,000 vs. 233,000,
respectively). Similarly, by 2035, HIV prevalence projected for a one-year delay in 7/00%
sustained was similar to immediate coverage of 90% sustained, and the number of cumulative
deaths projected for a one-year delay in 90% sustained was similar to immediate 75% sustained

(26,000 vs.25,000).

For HIV care continuum outcomes, the sensitivity of our findings to delays in coverage capacity
varied. Similar to findings for HIV epidemic outcomes, we found that higher, and more delayed,
coverage capacity had projected outcomes similar to lower, and less delayed, coverage capacity.
For example, by 2035, the percent diagnosed projected for a three-year delay in 90% sustained
was similar to immediate 75% sustained (72.0% vs 69.9%, respectively), while the projected
percent on ART among diagnosed for a one-year delay in 90% sustained was similar to immediate
75% sustained (82.3% vs. 82.0%, respectively). Notably, delays in full coverage (100% sustained)
had minimal impact on percent diagnosed and percent on ART among diagnosed compared to
immediate full coverage. However, across all scenarios, the projected percent virally suppressed
increased with delays in coverage. Here, the incremental percentage increase in percent virally
suppressed was highest for a one-year delay, although this generally decreased as coverage

capacity diminished.

Discussion

Given an abrupt, complete and persistent 10-year withdrawal of PEPFAR funding support,
decreasing capacity of the GoR to sustain PEPFAR supported HIV-related programs worsened

HIV epidemic outcomes but had varied impact on care continuum outcomes. Delayed coverage of

11
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the same coverage capacity worsened all projected outcomes with the exception of full capacity,
for which there was minimal impact on some HIV epidemic and care continuum outcomes.
Overall, higher and more delayed coverage capacity had projected outcomes similar to lower and

less delayed coverage capacity.

Progressively lower capacity to cover the PEPAR funding gap substantially worsened HIV
epidemic outcomes over time but had varied impacts on HIV care continuum outcomes. In
particular, for HIV care continuum outcomes, there were sharp reductions in the percent of
people on ART among those diagnosed in 2025, with these reductions diminishing over time,
while the percent of people virally suppressed among those on ART remained similar, although
gradually decreasing, across all coverage capacities. The former can be explained by the
reductions in the number of people diagnosed with HIV. That is, for people diagnosed with HIV
who have either discontinued ART or cannot initiate ART due to resource constraints, the
downstream consequences of lack of treatment may include virologic failure, disease
progression, and higher risk of developing AIDS-related illness, all of which can lead to
increased mortality. This increased mortality, in turn, can reduce the number of people diagnosed
with HIV and thus, increase the percent of people on ART among those diagnosed. The latter can
be explained by our assumption that the provision of treatment and care for those who were on
ART was similar regardless of capacity constraints [31]. The downward trend in the percent
virally suppressed among adults on ART across all scenarios reflects the increasing proportion of
those on ART who have virologically failed all available ART regimens, highlighting the
importance of making available multiple therapeutic drug classes for the treatment of HIV in

order to continue to achieve targets even when there are capacity constraints.

Delayed capacity to cover the PEPFAR funding gap worsened projected HIV epidemic and care
continuum outcomes, except for the full coverage capacity scenario and one outcome: percent of
adults virally suppressed among those on ART. Notably, projected HIV prevalence in the
presence of a delay was similar regardless of coverage capacity, except for the full capacity
scenario. This could be explained by the immediate and sharp increase in new infections
occurring in 2025, which could have long-lasting effects on HIV prevalence and people with

HIV. Surprisingly, the projected percent of adults virally suppressed among those on ART

12
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increased when there were delays in coverage capacity. This is because, compared to no delays, a
greater number of adults for whom ART was discontinued progressed to lower CD4 cell counts.
In our model, those with lower CD4 cell counts are more likely to initiate ART than those with
higher CD4 cell counts; therefore, a greater number of individuals initiated ART and became
virally suppressed, resulting in a higher proportion virally suppressed than without delays in

coverage capacity.

Our findings suggest that rapid responses to the PEPFAR funding gap, even if with limited
coverage capacity, could have similar or better outcomes than delayed but higher coverage
capacity. Indeed, the GoR 1is increasing its efforts to self-sustain HIV programs and limit the
impact of the abrupt HIV financing gap left by PEPFAR. These efforts include increasing
government budgets alongside economic development [32], as well as engaging the private
sector to sustain the HIV response [4, 33]. With continued effort and political priority of self-
sustaining HIV programs, Rwanda has the potential to begin covering the PEPFAR funding gap
with limited delay in initiating this coverage. Doing so may provide important insights for other

countries in the region who are facing similar situations and mobilizing to respond.

The HIV policy model used in this study was developed and calibrated using Rwanda-specific
data from the CA-IeDEA cohort. Long-standing cohort collaborations, such as CA-IeDEA, have
played an important role in guiding the HIV response in Rwanda and across the sub-Saharan
Africa region. These cohorts provide the real-world, longitudinal data necessary for Ministries of
Health to evaluate program impact, identify areas where course corrections may be needed, and
plan for sustainability. Leveraging these data to inform policy underscores the importance of
cohort-based infrastructure in supporting national decision-making over the coming months and
years. Moreover, their use in the current study highlights the importance of supporting Ministries
of Health using robust analytic infrastructure—including cohort data platforms—to inform
programmatic planning and mitigate the impacts of abrupt transitions to government health

programs for large numbers of people.

Our study is among the first to project the impact of sustaining HIV programs on HIV-epidemic

and care continuum outcomes, given the elimination of PEPFAR funding. Our results support the
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concern that abrupt elimination of PEPFAR funding could have significant impact on the
progress of ending the HIV epidemic as a public health threat, which had largely been achieved
by the GoR, with 50% of its total HIV budget for ART supported by PEPFAR. Our results align
with other modeling studies done in the context of low- and middle-income countries (LMICs).
In South Africa where PEPFAR funding supported 11% of total HIV budget, a full extraction of
PEPFAR funds resulted in 50% increase in HIV incidence in 10 years and reduced percent
diagnosed and percent on ART among diagnosed by 3% and 14% in 5 years, respectively [34].
Among 26 LMICs where PEPFAR supports 45% of total HIV spending, a full extraction of
PEPFAR funds resulted in 283.3% increase in cumulative new HIV infections and 191%
increase in HIV-related death among 26 LMICs over 5 years [35]. These align with our finding
that sustaining Rwanda’s HIV budget could result in a 70%—-247% increase in HIV incidence,
58%—229% increase in cumulative new infections, 17%—44% reduction in percent diagnosed,
and 5%-35% reduction in percent on ART among diagnosed. The differences in magnitude are
possibly because our scenarios were defined by restricting only ART availability in Rwanda,
which other work assumed either was not affected or affected additional HIV-related programs
(e.g., prevention programs) besides ART. In addition, our results of increased cumulative deaths
(1,460-5,120 per year) are consistent with a preliminary assessment of excess HIV-related
deaths (562 in 1 year) due to pauses in PEPFAR funding [36]. Our projected cumulative deaths
are likely higher because we examined a persistent elimination of PEPFAR funding as opposed

to a 90-day pause in funding.

Our study has limitations. First, our scenarios focused on decreases in ART coverage only and
did not additionally capture impacts of staff shortages to deliver ART and uncertainty in
obtaining it. However, we operationalized our scenarios to align with survey findings on the
ability to deliver HIV services after extraction of PEPFAR funding, where HIV testing, HIV
treatment, and services for LTFU and care re-engagement were among the services most
frequently reported cancelled or less active [28]. Second, we did not assess the impact of
PEPFAR funding on HIV prevention services (e.g., PrEP) and mother-to-child transmission,
because our model structure does not allow for this assessment, and therefore also does not
reflect the potential impact on infants, children, and adolescents at risk for and living with HIV.

Thus, our projections underestimate the overall impact of PEPFAR funding elimination. Third,
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we assumed that when the PEPFAR funding gap was covered, HIV testing and ART would be
re-initiated at the same rate as prior to the PEPFAR funding elimination. However, extraction of
PEPFAR funding may result in health workforce layoffs and closure of HIV-related
infrastructure [37], which could have long-lasting impact on HIV service delivery and population

outcomes.

Conclusions

The ability to sustain HIV budgets given the persistent elimination of PEPFAR funding would
greatly limit progress to end the public health threat posed by the HIV epidemic and the
achievement of 95-95-95 UNAIDS targets in Rwanda. Rapid response to cover the PEPFAR
funding gap and to sustain HIV treatment and prevention programs is key to minimizing the effect

of PEPFAR funding elimination in Rwanda.
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