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Objectives. To optimize combined public and private spending on HIV prevention to achieve maximum

reductions in incidence.

Methods. We used a national HIV model to estimate new infections from 2018 to 2027 in the United States.
We estimated current spending on HIV screening, interventions that move persons with diagnosed HIV along

the HIV care continuum, pre-exposure prophylaxis, and syringe services programs. We compared the cur-

rent funding allocation with 2 optimal scenarios: (1) a limited-reach scenario with expanded efforts to serve

eligible persons and (2) an ideal, unlimited-reach scenario in which all eligible persons could be served.

Results. A continuation of the current allocation projects 331000 new HIV cases over the next 10 years.
The limited-reach scenario reduces that number by 69%, and the unlimited reach scenario by 94%. The
most efficient funding allocations resulted in prompt diagnosis and sustained viral suppression through

improved screening of high-risk persons and treatment adherence support for those infected.

Conclusions. Optimal allocations of public and private funds for HIV prevention can achieve substantial
reductions in new infections. Achieving reductions of more than 90% under current funding will require that
virtually all infected receive sustained treatment. (Am J Public Health. 2021;111:150-158. https://doi.org/
10.2105/AJPH.2020.305965)

As HIV heads into its fifth decade in
the United States, treatment has
improved remarkably, so that even
those diagnosed in their 20s can achieve
nearly normal life expectancy, though at
a lifetime cost approaching $500000."2
The annual number of new infections has
dropped precipitously from an estimated
130000 in 1985, but has stalled at about
39000 a year since 201334 An estimated
1.1 million persons are living with HIV, but
only 86% are aware of their infection, and
only 53% are receiving sustained treatment
sufficient for transmission-eliminating, life-
prolonging viral suppression.®

In 2019, the US Department of Health
and Human Services (HHS) proposed the
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“Ending the HIV Epidemic: A Plan for
America” initiative. This federal effort aims
to reduce the annual number of new in-
fections to fewer than 3000 or less than 1
per 100000 population, which, per the
World Health Organization, defines epi-
demic control. HHS plans to achieve this
aim by coordinating the programs, re-
sources, and infrastructure of its many
agencies and offices.® In addition to federal
agencies, state and local governments and
the private sector also provide significant
support for HIV prevention and treatment.
Optimal resource allocation methods
can help determine the most efficient
use of HIV prevention funds to reduce
new infections. Previous HIV resource

allocation models have examined the
most efficient use of funds from 1 or 2
federal agencies.”® However, given the
ambitiousness of the current initiative to
end the HIV epidemic, an evaluation of
combined societal funding—public and
private—may shed more light on whether
and how elimination might be achieved. In
this article, we estimate societal funding for
HIV prevention and its optimal allocation to
curtail HIV incidence in the United States.

METHODS

We applied the HIV Optimization and
Prevention Economics (HOPE) model,
a dynamic, compartmental model that
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simulates that portion of the US pop-
ulation aged 13 to 64 years that is sexually
active or drug injecting.? Our analytic time
horizon was 2018 through 2027. We built
HOPE in MATLAB (MathWorks, Natick,
MA). An extensive description of the
model's design, inputs, assumptions, and
calibration can be found in the appendix
of Knhurana et al.”

Key Model Inputs

The model required data to describe the
US population, particularly persons with
HIV (PWH), HIV risk behaviors and their
associated transmission risks, the cost
and efficacy of HIV prevention and
treatment, and the transition rates of
PWH along the care continuum and
across disease stages. To obtain esti-
mated values for most model inputs, we
reviewed and summarized the pub-
lished, peer-reviewed literature and
surveillance data (Appendix, Section 1,
Table A, available as a supplement to the
online version of this article at http://
www.ajph.org). To obtain transition rates
along the HIV care continuum, as well as
the values of other inputs for which data
were limited or uncertain, we calibrated the
inputs, selecting values within bounds in-
formed by published literature, unpub-
lished data, or expert opinion. We
calibrated these inputs so that model
outcomes matched surveillance data for 1
or multiple time points from 2010 to 2016.
The matched outcomes included HIV inci-
dence by transmission category and gen-
der, HIV prevalence for the United States as
a whole, and the proportion of PWH esti-
mated to be in each continuum stage.

Prevention Interventions
Considered in the Model

Persons with HIV who through treat-
ment are able to achieve and maintain a

viral load of fewer than 200 copies per
milliliter, hereafter referred to as viral
suppression, have effectively no risk of
sexual transmission.’®"2 As a result,
important HIV prevention strategies in-
clude early diagnosis, prompt linkage to
care, rapid initiation of antiretroviral
therapy (ART), and maintenance in
care and treatment. In addition, pre-
exposure prophylaxis (PrEP)'“'® and
syringe services programs (SSPs)'’'?
are effective tools to prevent infection in
persons at high risk of acquiring HIV
(Figure 1). Thus, we considered alloca-
tions to 14 interventions:

1 HIV screening for high- and low-risk
men who have sex with men (MSM),
high- and low-risk heterosexuals,
and all persons who inject drugs
(PWID; 5 interventions);

2 HIV care-continuum interventions
influencing linkage to care at and
after diagnosis, prescription of ART,
and adherence to care and treat-
ment to achieve and maintain viral
suppression (5 interventions);

3 PrEkP for high-risk MSM, high-risk
heterosexuals, and all PWID (3 in-
terventions); and

4 SSPs (1 intervention).

Estimation of Current Funds
and Optimal Allocation

We derived total funding for each in-
tervention by multiplying the cost per
person served by the annual number
served. For diagnosis in particular, we
estimated the average cost per diag-
nosis for each risk group by dividing the
costs of screening and diagnosis by the
total number of diagnoses. For inter-
ventions that move PWH along the HIV
care continuum, we assessed the aver-
age number of persons reaching each
step of the continuum (e.g., linking to
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care, being prescribed ART, achieving
and maintaining viral suppression) an-
nually from 2018 to 2027. We deter-
mined the average annual number of
persons reaching each step of the
continuum by model calibration, so that
the modeled number matched pub-
lished HIV surveillance data on the care
continuum in 2010, and either 2015 or
2016 (the most recent data for each
step). We projected rates of change
between the 2 time periods forward
through 2027 in the current allocation.
Per-person costs (Appendix, Table A)
were based on published studies of
interventions.

We based the per-person PreP cost
on the annual 2018 drug cost of
$12599° plus an annual monitoring
cost of $1431.2" The estimated number
receiving PrEP in 2018 was 100292.%
Thus, the estimated total cost of PrEP
delivery in the United States was $1.4
billion. We estimated the per-person
cost in 2018 for syringe services pro-
grams, $234, by using data on the me-
dian annual number of syringes used
by PWID?* and the cost of injection
equipment.'®?* The cost of needle-using
equipment per injection itself was de-
rived from the estimate of the total costs
of SSPs nationally ($24.5 million) and the
number of syringes distributed under
those programs (45.9 million).” All costs
in the model were expressed in 2018 US
dollars. We assumed that the current
allocation of total HIV prevention fund-
ing remained fixed from 2018 through
2027 under the current allocation
scenario.

Although not included in the optimi-
zation, we estimated care and treatment
costs by disease stage and progress
along the HIV care continuum. We as-
sumed that everyone linked to care re-
ceived care, and that those prescribed
ART received ART, unless they dropped
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. How Intervention Affects
HIV-negative Intervention Model Flow
A | PrEP Decreases the number of
individuals who become
Al B HIV-infected
B | SSP Decreases the number of
HIV-positive, PWID who become HIV-
infected
unaware C | Screening Increases the number of
undiagnosed HIV-infected
individuals who become
diagnosed with HIV
A D | Linkage to care at diagnosis Increases the number of
ware, ; )
I:D:I . undiagnosed HIV-infected
not linked to care individuals who become

T

diagnosed with HIV and are
immediately linked to care

E | Linkage to care after diagnosis

Linked to care,
not prescribed ART

Increases the number of
individuals who are aware of
their infection but not in care
who are linked to care

2 ]

F | ART prescription

Increases the number of
individuals who are
prescribed ART

Prescribed ART,
not VLS

G | Adherence to care and
treatment to become virally

suppressed

Increases the number of
individuals who are
prescribed ART but are not
virally suppressed who
become virally suppressed

H | Adherence to care and

treatment to remain virally

suppressed

Decreases the number of
individuals who lose their
VLS status

I FIGURE 1— Diagram of How HIV Prevention Interventions Relate to HIV and the HIV Care Continuum: United States

Note. ART = antiretroviral therapy; PrEP = pre-exposure prophylaxis; PWID = persons who inject drugs; SSP = syringe services programs; VLS =viral load

suppression.

out of care. The per-person annual ART
cost used in the model was $25059.2°
We included health-care utilization costs
for HIV-related illness.

Using the estimated total prevention
funds and the current allocation of
those funds, we explored optimal allo-
cations of the funding across interven-
tions and populations in 2 scenarios: a
limited-reach scenario in which esti-
mates of the maximum percentage of
eligible persons who could be reached
by each intervention reflected expanded
efforts to serve such persons, and
an idealistic, unlimited-reach scenario
in which all eligible persons could be
reached by each intervention, given
sufficient funding. Changes in
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allocations to interventions under the 2
scenarios slowed the annual rate of
movement to related care continuum
steps when funding decreased, and
accelerated it when funding increased.
Assumptions about the expected
proportion of eligible persons who could
be reached under the limited-reach
scenario fall between the proportion
currently reached and 100% in the un-
limited reach scenario (Appendix, Table
A). To model the effect of prevention
funding, which is typically provided in
5-year increments, we estimated the
optimal allocation of these funds for the
5-year time periods 2018 to 2022 and
2023t02027. We reported the results of
the 2 consecutive 5-year allocations that,

when combined, produced the greatest
reduction in new HIV infections over 10
years.

For our current allocation scenario,
we estimated the number of HIV infec-
tions that would occur from 2018
through 2027 if the current allocation of
total HIV prevention funding remained
fixed throughout that period. Then, as-
suming the same amount of funding, we
used optimization technigues (from
MATLAB's Optimization Toolbox) and
the HOPE model to estimate the 2018-
2022 and 2023-2027 allocations that
would prevent the most HIV infections
from 2018 through 2027. We outline the
full optimization formulation in Sections
2 and 3 of the Appendix.



Key outcomes included the optimal
allocations to HIV screening, the HIV
care-continuum interventions, PrEP,
SSPs, and the resulting number of new
HIV infections from 2018 to 2027. We
projected changes in the proportions of
PWH who had achieved each step along
the HIV care continuum by 2027, and
we noted changes in average annual
treatment costs.

Uncertainty and Sensitivity
Analyses

We conducted sensitivity and uncer-
tainty analyses, and we present the
methods and results of those analyses
in Section 4 of the Appendix.

RESULTS

We estimated total 2018 national HIV
prevention funding of $2.6 billion
(Table 1). Among prevention interven-
tions, we estimated 30.0% currently was
allocated to HIV screening, including
25.3% for low-risk heterosexuals and
1.2% for high-risk MSM; 16.7% to inter-
ventions that move people along the HIV
care continuum, including 5.7% and
9.7% to interventions that support ad-
herence to care and treatment to
achieve and to maintain viral suppres-
sion, respectively; 52.5% to PreP, in-
cluding 6.0% to high-risk heterosexuals
and 46.4% to high-risk MSM; and 0.9% to
SSPs. When we continued the estimated
current allocation through 2027, the
model projected a total HIV incidence
over that period of 331051 cases, or
33100 a year on average (Figure 2;
Table 2).

Limited-Reach Scenario

The optimal allocation for the limited-
reach scenario was largely influenced by

the percentage of eligible persons who
we specified as reachable. For both 5-
year time periods, the model allocated
the maximum amount possible to 10 of
the 14 interventions given the limit on
the percentage of eligible persons who
could be reached, indicating that even
more would be spent on those inter-
ventions (and less on others) in the
absence of those limits. The interven-
tions funded to the maximum level in-
cluded the screening of all risk groups
except low-risk heterosexuals, all HIV
care-continuum interventions, and
SSPs.

For the first 5 years of the limited-
reach scenario, the optimal allocation
included 14.9% for screening, 36.7% for
the HIV care-continuum interventions,
46.0% for PrEP, and 2.4% for SSPs. Major
increases (defined as 5 or more
rounded percentage points) in the
proportion of prevention funding allo-
cated to a particular intervention be-
tween the current and optimal scenarios
during the first 5-year time period oc-
curred in screening high-risk hetero-
sexuals (2.4% to 9.3%), interventions
that support adherence to care and
treatment to achieve viral suppression
(5.7% to 13.7%), and interventions that
support adherence to care and treat-
ment to sustain viral suppression (9.7%
to 19.1%; Table 1). Major decreases
occurred in screening of low-risk het-
erosexuals (25.3% to 0.4%) and PreP
for high-risk heterosexuals (6.0% to
0.0%). In the second time period, a
major increase in funding, compared
with the first 5-year period in the
limited-reach scenario, occurred in
PreP for high-risk MSM (from 46.0%
to 59.5%). A major decrease occurred
in interventions that support
adherence to care and treatment
to achieve viral suppression (13.7%
to 5.1%).
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These consecutive 5-year optimal
allocations were associated with a
decrease in 10-year cumulative HIV
incidence of 69% compared with the
current allocation, from 331051 cases
to 103359 cases (or 10400 cases per
year on average; Table 2). At the end of
the 10 years, among all risk groups with
the exception of low-risk heterosexuals,
99% of persons with HIV were diag-
nosed (for low-risk heterosexuals, 85%
of those infected were diagnosed), 98%
were linked to care, 98% had been
prescribed ART, and 86% had achieved
viral suppression.

Unlimited-Reach Scenario

In the optimal allocation for the
unlimited-reach scenario, of the 14 in-
terventions, 6 were funded for everyone
eligible during the first 5 years and 7
during the second 5 years. During the
first 5 years, fully funded interventions
included screening of high-risk MSM and
interventions that increase linkage to
care at and after diagnosis, increase ART
prescription, and support adherence
to care and treatment to achieve and
maintain viral suppression. During the
second 5 years, interventions that were
fully funded were the same as during the
first 5 years but also included SSPs.
For the first 5 years of the unlimited-
reach scenario, the optimal allocation
included 35.4% for HIV screening, 64.6%
for interventions that move people
along the HIV care continuum, 0.0% for
PreP, and 0.0% for SSPs. Major increases
in the proportion of prevention funding
allocated to a particular intervention in
the first 5 years of the unlimited-reach
scenario compared with the first 5 years
of the limited-reach scenario included
screening high-risk heterosexuals (from
9.3% to 14.1%), screening high-risk MSM
(from 2.7% to 16.2%), interventions that

Research  Peer Reviewed

Sansom et al.

| ON ‘LL1L [OA ‘120z Asenuel  Hdlv

153



RESEARCH & ANALYSIS

TABLE 1— Allocations Under the Current and Optimal HIV Prevention-Related Allocation Scenarios:

United States, 2018-2027

Optimal Allocation With | Optimal Allocation With
Limited Reach, $ Million | Unlimited Reach, $ Million
(% of HIV Prevention (% of HIV Prevention
Current Allocation, $ Million (% of HIV Funding) Funding)
Outcome Prevention Funding), 2018-2027 2018-2022 2023-2027 2018-2022 | 2023-2027
Prevention funding for screening
High-risk HETs 62.5 (2.4) 243.1 (9.3 230.2 (8.8)% 368.0 (14.1) 247.5 (9.5)
Low-risk HETs 662.8 (25.3) 11.4 (0.4) 4.0 (0.2) 0.2 (0.0) 1276.9 (48.8)
High-risk MSM 30.3(1.2) 69.5 (2.7)2 56.8 (2.2)% 425.3 (16.2)° | 200.0 (7.6)*
Low-risk MSM 17.9 (0.7) 29.2 (1.1 343 (1.3 94.7 (3.6) 45.8 (1.7)
PWID 10.9 (0.4) 29.2 (1.1)2 26.7 (1.0 38.9 (1.5) 76.8 (2.9)
Proportion of prevention budget for (30.0) (14.9) (13.4) (35.4) (70.5)
screening
Prevention funding for care continuum
Linkage to care at diagnosis 18.4 (0.7) 64.1 (2.4)? 7.7 (0.3)° 9.1 (0.3)? 2.9 (0.1)?
Linkage to care after diagnosis 15.4 (0.6) 33.6 (1.3)? 8.2 (0.3)° 189.6 (7.2)? 2.5 (0.1
ART prescription 1.2 (0.0) 3.7 (0.1)2 1.5 (0.1)° 35.9 (1.4 16.2 (0.6)*
_ Adherence to care and treatment to become 148.9 (5.7) 358.9 (13.7)? 132.4 (5.1)? 807.4 (30.8)? 4.9 (0.2)?
g‘ virally suppressed
- Adherence to care and treatment to remain 253.6 (9.7) 499.7 (19.1)° | 499.1 (19.1)* | 649.3 (24.8)° | 625.8 (23.9)*
% virally suppressed
>
S Proportion of prevention budget for care (16.7) (36.7) (24.8) (64.6) (24.9)
5 continuum
>
g Prevention funding for PrEP
©
- For high-risk HETs 158.1 (6.0) 0.1 (0.0) 0.3 (0.0) 0.0 (0.0) 0.0 (0.0)
T
5 For high-risk MSM 1215.4 (46.4) 1205.3 (46.0) | 1557.4 (59.5) 0.0 (0.0) 0.0 (0.0)
For PWID 0.0 (0.0) 0.1 (0.0) 0.3 (0.0) 0.0 (0.0) 0.0 (0.0)
Proportion of prevention budget for PrEP (52.5) (46.0) (59.5) (0.0) (0.0)
Prevention funding for syringe services 23.1(0.9) 63.6 (2.4 59.4 (2.3 0.0 (0.0) 119.1 (4.5)2
programs
Total prevention funding 2618.5 2618.5 2618.5 2618.5 2618.5
Average annual treatment and care funding 35199 (93.1) 35731 (93.2) 34845 (93.0) | 36615 (93.3) 33693 (92.8)
Total funding 37520.7 38349.6 37463.6 392337 36311.1

Note. ART = antiretroviral therapy; HETs = sexually active heterosexuals; MSM = men who have sex with men; PrEP = pre-exposure prophylaxis; PWID = persons

who inject drugs.

Allocation to this intervention was limited by the maximum percentage of eligible persons who we assumed could be reached (in the limited-reach scenario) or
by the maximum number of persons eligible (in the unlimited-reach scenario).

increase linkage to care after diagnosis
(from 1.3% to 7.2%), interventions that
support adherence to care and treat-
ment to become virally suppressed
(from 13.7% to 30.8%), and interven-
tions that support adherence to care

suppressed (from 19.1% to 24.8%). A
major decrease occurred in PreP for
high-risk MSM (from 46.0% to 0.0%).
In the unlimited-reach scenario,
compared with the first 5-year time

5-year time period included screening
low-risk heterosexuals (from 0.0% to
48.8%) and SSPs (from 0.0% to 4.5%).
Major decreases occurred in screening
high-risk MSM (from 16.2% to 7.6%),
period, major increases in the allocation  interventions that increase linkage to

and treatment to remain virally of prevention funding during the second  care after diagnosis (from 7.2% to 0.1%),
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FIGURE 2— Annual Allocations to HIV Care-Continuum Interventions Under Current and Optimal Allocation Scenarios
and Associated Cumulative Number of HIV Infections: United States, 2018-2027

Note. ART =antiretroviral therapy; LTC =linkage to care; MSM=men who have sex with men; PrEP = pre-exposure prophylaxis; PWID = persons who inject
drugs. The same total prevention funding was applied in the 3 scenarios, but the allocations differed. Allocations to screening, PrEP, and interventions that
increase linkage to care and support adherence to care and treatment represented allocations across subpopulations. Screening, for instance, included high-
and low-risk MSM, high- and low-risk heterosexuals, and all PWID; PrEP included allocations to high-risk MSM, high-risk heterosexuals, and all PWID; linkage-
to-care interventions influenced linkage at and after diagnosis; and interventions that support adherence to care and treatment included allocations to both
achieve and maintain viral suppression. The dots on the solid black line indicate the 10-year cumulative incidence of HIV associated with a 10-year allocation of
current funding and the 2 consecutive 5-year allocations under the 2 optimal distributions.

and interventions that support adher-
ence to care and treatment to become
virally suppressed (from 30.8% to 0.2%).
The optimal allocation in the
unlimited-reach scenario was associ-
ated with a decrease in 10-year cumu-
lative HIV incidence of 94%, from
331051 cases to 20417 cases (or 2000
cases per year on average) compared
with the current scenario. At the end of
the 10 years, nearly all infections (> 99.7%)
were diagnosed; however, among low-risk
heterosexuals, only 97% of infections
were diagnosed. Nearly all persons with
HIV (>99.7%) were linked to care, pre-
scribed ART, and virally suppressed.

DISCUSSION

Models, no matter the complexity or
degree of validation, cannot fully

represent the dynamics of HIV infection
or capture the uncertainties inherent in
HIV prevention program implementa-
tion. However, when tested carefully,
modeling can provide insights into
strategies more likely than others to
achieve large reductions in HIV inci-
dence. Our results suggest that the
current estimated allocation of HIV
prevention funds, if maintained over the
next 10 years, is likely to be associated
with stable incidence rates of approxi-
mately 33100 cases a year. The current
allocation spends a large proportion of
prevention funding on testing low-risk
heterosexuals and on PrEP for high-risk
MSM. Although PreP has been clinically
proven to be highly efficacious in pre-
venting acquisition of HIV among those

14-16

susceptible, models comparing in-

terventions show that it is less effective

in reducing new HIV cases nationally
than ensuring that those already in-
fected cannot transmit to others by
achieving and maintaining viral sup-
pression with effective ART.? Our anal-
ysis focused on the most efficient use of
constant annual prevention funding to
prevent new cases of HIV. Only after the
most efficient interventions are funded
are the remaining dollars shifted to less
efficient interventions.

When compared with the current al-
location, optimal allocations increased
funding for screening populations at
high risk of acquiring HIV and for inter-
ventions that move people along the HIV
care continuum, especially those that
support adherence to achieve and
maintain viral suppression. The result
was a surge in the percentage of per-
sons with HIV whose infection was
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TABLE 2— oOutcomes Under the Current and Optimal HIV Prevention-Related Allocation Scenarios:

United States, 2018-2027

Optimal Allocation With Limited Reach, | Optimal Allocation With Unlimited
Current Allocation, No. Cases or % No. Cases (% Difference vs Current Reach, No. Cases (% Difference vs
Outcome Distribution Allocation) or % Distribution Current Allocation) or % Distribution
10-year cumulative HIV incidence
HETs 55420 26019 (-53) 6746 (-88)
MSM 267301 71529 (-73) 11262 (-96)
PWID 8330 5811 (-30) 2409 (-71)
Total 331051 103359 (-69) 20417 (-94)
Distribution of PWH along care continuum in 2027
Diagnosed
High-risk HETs 91 929 100
Low-risk HETs 82 85 97
High-risk MSM 88 929 100
Low-risk MSM 87 929 100
PWID 98 929 100
Linked to care 88 98 100
Prescribed ART 85 98 100
VLS among all PWH 51 86 100

Note. ART =antiretroviral therapy; HETs =sexually active heterosexuals; MSM =men who have sex with men; PWH = persons with HIV; PWID = persons who

inject drugs; VLS =viral load suppression.

diagnosed and who were virally sup-
pressed, and a sharp reduction in inci-
dence over 10 years. The model reflects
the clinical reality that when everyone
infected is virally suppressed, transmis-
sion comes to a halt.?

We evaluated 2 optimization scenar-
ios: a limited-reach scenario in which
estimates of the maximum percentage
of eligible persons who could be
reached by each intervention reflected
expanded efforts to serve such persons,
and an idealistic, unlimited-reach sce-
nario in which all eligible persons could
be reached by each intervention. The
largest reduction in HIV incidence over
10 years was observed in the ideal,
unlimited-reach scenario that required
nearly all persons infected with HIV to be
diagnosed promptly and effectively treated
to achieve and maintain viral suppression.

To more closely mimic how preven-
tion programs are funded, we
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structured the model to allow for 2
consecutive 5-year allocations rather
than a single 10-year allocation. In the
limited-reach scenario, the optimal al-
location for the first 5 years invested
every dollar possible into screening all
risk groups except low-risk heterosex-
uals, linking diagnosed persons to care
and treatment, and supporting efforts to
achieve and maintain viral suppression.
Funding HIV screening and the HIV care-
continuum interventions according to
the optimal allocation, however, re-
quired only 51.6% of available preven-
tion funds because of constraints on the
number who could be reached. Suffi-
cient funds thus were left over to allo-
cate enough to support all persons
eligible for SSPs. Even then, nearly half of
all funds were unallocated, and most
(46.0%) went to PreP for high-risk MSM.
In the unlimited-reach scenario, in which
all eligible persons could be reached, the

model increased allocations to HIV
screening and to interventions

that moved people along the care
continuum, and these interventions
absorbed all prevention funds, so
that none were available for SSPs
and Prep.

In both the limited- and unlimited-
reach scenarios, allocations in the sec-
ond 5-year period served to shore up
gains made in infections prevented
during the first 5 years and to shift funds
no longer required for screening, link-
age, ART prescription, and achieving viral
suppression into less cost-effective in-
terventions. For instance, in the limited-
reach scenario, even more funding was
allocated to PrEP for high-risk MSM. In
the unlimited-reach scenario, nearly half
of all funds were allocated to screening
low-risk heterosexuals, many of whom
were unreachable in the limited-reach
scenario.



Reductions in incidence over time
resulted in reductions in annual HIV care
and treatment costs, estimated at $35.2
billion per year on average from 2018 to
2027 in the current allocation scenario.
In both the limited- and unlimited-reach
scenarios, those costs rose above the
average during the first 5 years to pay
for the increased number of persons
diagnosed and on ART and dropped
below it during the final 5 years as the
number of new HIV cases decreased. In
the limited-reach scenario, they drop-
ped 1.0% ($354 million/year) compared
with current costs, and in the unlimited-
reach scenario, they dropped 4.3% ($1.5
billion/year), indicating the large poten-
tial health care savings when HIV inci-
dence drops.

Limitations

Our analysis has a number of potential
limitations. We assumed that moving
each PWH along each step of the care
continuum required an average expen-
diture based on published cost data.
However, for some people the move
may have been costless, whereas for
others it may have been more costly
than we assumed. Because of lack of
data, we did not increase intervention
costs in either optimal allocation sce-
narios as higher percentages of eligible
persons were reached or for subgroups
that historically have been hard to reach.
Better assessments of how intervention
costs change for the hardest to reach
will be important for understanding the
full costs of HIV elimination in the United
States.

We did not explicitly account for costs
incurred as funds are transferred
downstream from agencies to program
providers, although these costs can be
substantial. However, the Kaiser Family
Foundation reported that the federal

fiscal year 2018 request for domestic
HIV prevention funds was $0.9 billion.?
Considering that our estimated $2.6
billion prevention cost included $1.4
billion in funds for PrEP, typically in-
curred by the private sector, our pub-
lic sector funding was approximately
$1.2 billion. This amount is reasonably
consistent with the Kaiser estimate, al-
though we used very different
methods to derive it. We were not
able to include some interventions
that have been implemented in local
communities; we call for additional
scientific research to demonstrate

the efficacy of these interventions in
preventing HIV.

Public Health Implications

In conclusion, optimizing the allocation
of current societal investments in HIV
prevention could achieve substantial
reductions in new infections. Our results
are consistent with and build on previ-
ous findings from models that optimized
funding from the perspective of 1 or 2
government agencies. Given stable
funding and the current effectiveness of
intervention delivery, sizeable reduc-
tions in HIV incidence may be realized by
focusing on screening persons at high-
est risk of HIV, linking the newly diag-
nosed to care, and supporting those in
treatment to achieve and maintain viral
suppression. Funds then could be spent
on primary prevention programs in-
cluding syringe services and PrEP for
high-risk MSM.

Modeling an unlimited-reach sce-
nario, in which all persons eligible for
prevention and treatment can be
reached, while aspirational, is instructive
because it reinforces the idea that the
path to HIV elimination, given current
funding, is one that focuses primarily
on prompt diagnosis with sustained
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treatment of those infected. Imple-
menting optimal allocations will require
careful planning so that implementation
is done in accordance with community
input and governing rules, laws, and
ethics. Our results highlight which in-
terventions to fund and how much to
fund them to achieve maximum reduc-
tions in HIV transmission. However,
models such as ours do not prescribe
how best to deliver those interventions,
especially for the hardest-to-reach
populations. Determining best delivery
strategies will be an important next step
for program managers and imple-
mentation scientists. AJPH
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