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Background. In 2023, Tennessee replaced $6.2 M in US Centers for Disease Control and Prevention (CDC) human
immunodeficiency virus (HIV) prevention funding with state funds to redirect support away from men who have sex with men
(MSM), transgender women (TGW), and heterosexual Black women (HSBW) and to prioritize instead first responders (FR),
pregnant people (PP), and survivors of sex trafficking (SST).

Methods. We used a simulation model of HIV disease to compare the clinical impact of Current, the present allocation of
condoms, preexposure prophylaxis (PrEP), and HIV testing to CDC priority risk groups (MSM/TGW/HSBW); with
Reallocation, funding instead increased HIV testing and linkage of Tennessee-determined priority populations (FR/PP/SST).
Key model inputs included baseline condom use (45%-49%), PrEP provision (0.1%-8%), HIV testing frequency (every 2.5-4.8
years), and 30-day HIV care linkage (57%-65%). We assumed Reallocation would reduce condom use (—4%), PrEP provision
(—26%), and HIV testing (—47%) in MSM/TGW/HSBW, whereas it would increase HIV testing among FR (+47%) and HIV
care linkage (to 100%/90%) among PP/SST.

Results.  Reallocation would lead to 166 additional HIV transmissions, 190 additional deaths, and 843 life-years lost over 10
years. HIV testing reductions were most influential in sensitivity analysis; even a 24% reduction would result in 287 more
deaths compared to Current. With pessimistic assumptions, we projected 1359 additional HIV transmissions, 712 additional
deaths, and 2778 life-years lost over 10 years.

Conclusions. Redirecting HIV prevention funding in Tennessee would greatly harm CDC priority populations while
conferring minimal benefits to new priority populations.

Keywords. HIV; HIV prevention; Tennessee HIV prevention; HIV prevention resource allocation; Health policy.

In January 2023, the State of Tennessee announced that it would
reject $6.2 million in annual funding from the US Centers for
Disease Control and Prevention (CDC) [1]. The rejected federal
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funds were comprised of two grant contracts aimed to direct hu-
man immunodeficiency virus (HIV) prevention and surveillance
resources to people at increased risk of acquiring HIV, including
men who have sex with men (MSM), transgender women
(TGW), heterosexual Black women (HSBW), and people who in-
ject drugs (PWID), as defined in the CDC HIV surveillance re-
port [2]. Tennessee healthcare leaders warned of the immediate
and substantial adverse consequences of reducing provision of es-
sential HIV services, such as condom distribution, funding for
preexposure prophylaxis (PrEP), and HIV testing [3]. The State
of Tennessee subsequently fully replaced the $6.2 million in fede-
ral funds forgone with equivalent state dollars, to prioritize pop-
ulations at lower risk of HIV, such as pregnant people, first
responders, and survivors of sex trafficking (SST) [4].

We sought to quantify the clinical and economic impact of
these proposed changes both for the State of Tennessee as a
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whole and for subpopulations. Quantifying the potential
impact of proposed policy changes is critical to understand
the clinical implications of this type of state-level decision
for Tennessee as well as other settings considering similar
policy decisions [5]. Our objective was to use an established
computer microsimulation model of HIV disease, preven-
tion, and treatment to project the 10-year clinical and eco-
nomic consequences of this HIV resource reallocation in
Tennessee on people at risk for and diagnosed with HIV
from 2023 to 2033 [6, 7].

METHODS

Analytic Overview

Using the Cost-Effectiveness of Preventing AIDS Complications
(CEPAC) model, a microsimulation model of HIV disease
and treatment, we simulated alternative resource allocation
scenarios in Tennessee [6, 7]. We compared HIV trans-
missions, deaths, and life-years between 2 scenarios: (1)
Current, with $6.2 million in funding directed to CDC prior-
ity populations including MSM, TGW, and HSBW [2], and
(2) Reallocation, or reallocating $6.2 million to HIV testing
in Tennessee-determined priority populations, including
first responders, pregnant people, and SST. To capture the
impact of reallocation, we simulated people with HIV
(PWH) in whom HIV is not yet diagnosed and people who
newly acquire HIV in Tennessee.

We aimed to provide a conservative estimate by deliberately
understating the harms of reallocation. Thus, we did not model
people already engaged in HIV care. We also did not consider
the likely detrimental effects on linkage to care for the CDC pri-
ority populations under Reallocation. We only assessed prima-
ry transmissions, omitting in the results any secondary
transmissions that would occur from an increased number of
PWH with viremia. We excluded PWID and modeled only
CDC priority populations in whom HIV transmission predom-
inantly occurs through sexual contact. The impact of altering
these assumptions was assessed in scenario analyses. While in
the base case, we made assumptions that would lead to the least
amount of harm for CDC priority populations (the most opti-
mistic scenario), in scenario analyses, we assumed the worst
possible correlation between parameters to understand the
most “pessimistic” scenario. We report undiscounted econom-
ic outcomes in 2022 US dollars from a Tennessee Department
of Health payer perspective. We describe model calibration in
Supplementary Methods A.

Model Description

HIV Diagnosis and Treatment

At model initiation, people with undiagnosed HIV experience
monthly probabilities of HIV diagnosis either through routine
HIV screening or presentation to care with an opportunistic

infection. Diagnosed individuals then face a probability of link-
ing to HIV care. In the absence of care, individuals with HIV
experience declining CD4 counts with increased risks of oppor-
tunistic infection and HIV-related mortality [6]. Individuals
are prescribed antiretroviral therapy (ART) upon linkage to
care. Viral suppression, when achieved, leads to increased
CD4 count and decreased probabilities of HIV-related morbid-
ity and mortality. Defined probability distributions are em-
ployed to assign each individual in care a risk of becoming
lost to follow-up, discontinuing ART, and subsequently reen-
gaging in care.

Modeled Population

We simulated PWH in whom HIV is not yet diagnosed and
people who newly acquire HIV in Tennessee over 10 years.
We simulated CDC priority risk groups (MSM, TGW, and
HSBW) and populations prioritized by Tennessee’s proposed
funding reallocations: first responders, pregnant people, and
SST (see Table 1 for details). We included pregnant people
whose HIV was not diagnosed during their pregnancy under
the current allocation (~1 person each year in Tennessee)
[12]. For SST, we included the people with HIV freed from
sex trafficking in Tennessee (~46/year), assuming HIV testing
and linkage programs would not impact people actively being
trafficked (victims of sex trafficking) [25]. Supplementary
Methods D provides a detailed description of estimating popu-
lation sizes for all subgroups. The simulated cohorts were mod-
eled in a mutually exclusive way (Supplementary Methods B).

Projecting the Impact of Condom and PrEP Use on HIV
Transmission

The model incorporates 10 years of people with incident HIV
in each simulated population. A new cohort with incident
HIV is introduced yearly based on historical trends [12]. In
Reallocation, we calculated the projected impact of reduc-
tions in condom and PrEP provision among MSM, TGW,
and HSBW by incorporating the baseline prevalence of con-
dom use and PrEP provision and change in prevalence be-
cause of reallocation and adjusting HIV transmissions in
those CDC priority populations, as in prior work [26].
Because future trends are unknown, we assumed a constant
prevalence of condom use and PrEP provision (see
Supplementary Methods E and F).

Effects of Reallocation

The exact allocation of CDC funding toward condom distribu-
tion, PrEP provision, and HIV testing is unknown. Our as-
sumptions were informed by published data and detailed
budget management discussions with 2 community-based or-
ganizations in Tennessee [27-30]. The CDC funding supports
PrEP ancillary services that allow community-based organiza-
tions to distribute PrEP. The funding does not directly support
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Table 1. Select Model Input Parameters for an Analysis of the Impact of HIV Prevention Funding Reallocation in Tennessee

Populations
First Pregnant Survivors of Sex
Parameters MSM TGW HSBW Responders People Trafficking Ref.
Cohort characteristics
Overall population size, n 73639 11858 614218 23826 89 412/year NA? [7-101
Sex at birth, female/male, % 0/100 0/100 100/0 27/73 100/0 93/7 [111]
People with HIV, total, n 12680 1672 2159 83 My NA? [11,12]
Prevalent undiagnosed HIV, n 3216 1452 200 11 1y 46/y
Incident HIV, year 2019, n 501 56 45 3 NAP [12,13]
Age, undiagnosed population, mean (SD), y 33(12) 26 (6) 40 (14) 35 (13) 31 (6) 23 (9) [11,12]
Age at HIV infection, mean (SD), y 30(12) 23 (6) 38 (14) 32 (13) NA NA
Mean 30-d linkage to care, % 62 62 65 61 100 56 [12]
CD4 at HIV infection, mean (SD), cells/ul 667 (134) 667 (134) 667 (134) 667 (134) NAP NAP 161
CD4 at model initiation, undiagnosed 436 (166) 436 (166) 436 (166) 436 (166) 436 (166) 436 (166)
cohort, mean (SD), cells/uL
Retention in HIV care, % in care at month 24 78 78 78 78 78 78 [14]
Return to care, per 100 PY 18.1 18.1 18.1 18.1 18.1 18.1 [14]
ART efficacy for >91% adherence, %, 93-96° 93-96° 93-96° 93-96° 93-96° 93-96° [15, 16]
range by regimen
Intervention characteristics
PrEP efficacy, % 75 75 75 NA NA NA [7]
Condom efficacy, % 80 80 80 NA NA NA [17-19]
Baseline intervention use prevalence
HIV testing frequency, mean y 4.8 4.8 25 4.4 4.4 NAY [20]
Condom use, % of sex acts 45 45 49 NA NA NA [21]
PrEP use, % of population 8 8 0.1 NA NA NA [22]
Changes in intervention use prevalence in
Reallocation®
HIV testing frequency, % —47 —47 —47 +47 100 Unchanged [23, 24]
30-d linkage to care mean, % Unchanged Unchanged Unchanged Unchanged Unchanged +61 Assumed
Condom use, % -4 -4 -4 NA NA NA [21]
PreP use, % -26 -26 -26 NA NA NA [22]

Supplementary Table 1 details additional data sources and the ranges examined in sensitivity analyses. Race/ethnicity information was not provided in the references used to estimate
Tennessee-specific population sizes.

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; HSBW, heterosexual Black women; MSM, men who have sex with men; NA, not available; PrEP, HIV
preexposure prophylaxis; PY, person-years; SD, standard deviation; TGW, transgender women.

2293 survivors of sex trafficking were rescued in Tennessee in 2019, as reported in National Human Trafficking Hotline, Tennessee report. See Supplementary Methods D for more details.

®Incident cohorts were not simulated for pregnant people or survivors of sex trafficking. For pregnant people, only those whose HIV was not diagnosed during their pregnancy under current
allocation was included; for survivors of sex trafficking, only the yearly number of people with HIV freed from sex trafficking were included.

°ART efficacy indicates mean percentage of virologically suppressed patients at 48 wk.
dSurvivors of sex trafficking were not simulated to receive regular HIV testing, assuming no testing took place before being freed from sex trafficking.
®Percent changes to intervention use prevalence in Reallocation denotes change in relation to intervention use prevalence in Current.

fPregnant people were simulated to be diagnosed immediately at model start in Reallocation.

PrEP drug costs [29, 30]. In the base case, we assumed that the
reallocation of $6.2 million in CDC funding would decrease
condom use by 4% ($203 000), PrEP provision by 26% ($1
799 100), and HIV testing by 47% ($4 197 900) among the
CDC priority populations (see Supplementary Methods C for
details). We sought to estimate maximum possible gains among
the Tennessee priority populations. We assumed that HIV test-
ing would increase by 47% in first responders and HIV testing
and linkage would increase to 100% in pregnant people and
90% in SST. All percentage changes were made relative to their
levels in Current, except among pregnant people and SST. The
changes in condom use and PrEP provision under Reallocation

would directly impact HIV transmission, whereas the changes
in HIV testing would impact diagnosing PWH (Supplementary
Figure 1).

Model Input Data

Cohort Characteristics

We assigned Tennessee-specific demographic and clinical
characteristics to simulated PWH according to their HIV diag-
nosis status (Table 1). Where Tennessee-specific data were un-
available, we consulted Tennessee community-based HIV service
organizations or used national data to derive Tennessee-specific
numbers [8, 13, 20] (Supplementary Methods D).

1460 « CID 2024:79 (15 December) « Borre et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae243#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae243#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae243#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae243#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae243#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae243#supplementary-data

Incident HIV

The numbers of people with newly acquired HIV in year 1 of
the simulation ranged from 477 MSM to 3 first responders
[9, 12]. We assumed reallocation would not increase HIV trans-
missions because of occupational exposures for first responders
[31]. In Reallocation, we assumed that redirecting funds would
reduce condom use and PrEP provision, leading to a 1.6%—
3.1% increase in HIV transmissions among MSM, TGW, and
HSBW [26] (Supplementary Methods E).

HIV Diagnosis and Linkage to Care

The status quo frequency of HIV testing for Current was cali-
brated to Tennessee-specific time until HIV diagnosis for peo-
ple who newly acquire HIV infection (ranging from 4.8 years
among MSM and TGW to 2.5 years among HSBW; Table 1,
Supplementary Methods A) [7]. Details of calibration of
Tennessee-specific time from infection to diagnosis is present-
ed in Supplementary Table 3. In Reallocation, the frequency of
HIV testing declines by 47% compared with baseline levels in
Current such that MSM/TGW and HSBW are tested every
9.1 and 4.8 years. We assume that all pregnant PWH would
be diagnosed during pregnancy in Reallocation, compared
with baseline HIV background testing rates under Current of
2%/month. We applied a constant rate of HIV testing uptake
over 10 years. Tennessee Department of Health data informed
the probability of HIV care linkage (Table 1) [12].

HIV Treatment

Upon linkage, PWH initiate an integrase strand transfer
inhibitor-based ART regimen [32]. PWH in care also face
adherence-stratified probabilities of becoming lost to follow-up
monthly. Loss to follow-up and return to care rates were cali-
brated to published data (78% in care at 24 months [14, 33]).

Economic Outcomes

We report the cost per HIV transmission averted, death avert-
ed, HIV diagnosis, and life-year saved by dividing the 10-year
CDC HIV prevention budget ($6.2 million/year) by the corre-
sponding outcome under Current and Reallocation.

Sensitivity and Scenario Analyses

We used deterministic sensitivity analyses to understand the
robustness of our findings in the face of parameter uncertainty.
We conducted 1-way sensitivity analyses, varying influential
parameters in Table 1 across their plausible ranges. We then
conducted a series of scenario analyses based on variables
identified as particularly influential, as well as input from
Tennessee community-based HIV service organization leaders.
Additionally, we conducted a scenario analysis to project the
impact of reallocation on PWID in the modeled populations.
A pessimistic case scenario analysis was conducted in which
all influential parameter values were set to their least favorable

values and in which secondary transmissions from additional
PWH with viremia under Reallocation were incorporated
into the annual projected number of people with newly ac-
quired HIV (Supplementary Methods G). We report the per-
cent change in total cumulative HIV transmissions and
deaths over 10 years in the most influential scenario analyses
in Figure 4. All parameter ranges assessed are presented in
Supplementary Table 1 and all results of sensitivity analyses
are presented in Supplementary Table 2.

RESULTS

HIV Transmissions

Over 10 years, Current would result in 6178 total transmissions,
with 4745 in MSM (77%), 530 in TGW (8.6%), 427 in HSBW
(6.9%), 30 in first responders (0.5%), 10 in pregnant people
(0.2%), and 436 in SST (7.1%).

Reallocation would increase overall transmissions by 166
(6344 total Table 2). In
Reallocation, CDC priority populations would have increased
HIV transmissions (145 in MSM, 17 in TGW, and 4 in
HSBW), whereas there would be no change in HIV transmis-

transmissions) (Figure 1,

sions for first responders, pregnant people, and SST. Under
Reallocation, MSM would comprise most of the HIV transmis-
sions (77%), followed by TGW (8.6%) and HSBW (6.8%). First
responders would contribute 0.5%, pregnant people 0.2%, and
SST 6.9% to the total HIV transmissions over 10 years.

Deaths and Life-years Lost

Over 10 years, Current would result in 1633 total deaths, with
1138 in MSM, 357 in TGW, 85 in HSBW, 5 in first responders,
1 in pregnant people, and 47 in SST.

Reallocation would result in 190 additional deaths compared
with Current, an increase of 12% (1823 total deaths; Table 2).
MSM would make up the greatest number of projected deaths
among PWH with 148 additional deaths over 10 years under
Reallocation. Reallocation would result in 843 life-years lost
across all subpopulations compared with Current (Table 2).

HIV Care Continuum

Comparing Current with Reallocation, HIV care outcomes
would be worse under Reallocation at 10 years: 82% versus
73% diagnosed, 75% versus 67% linked to HIV care and on
ART, and 56%
(Figure 2). Reallocation would result in 891 fewer PWH diag-

versus 51% virologically suppressed
nosed among the CDC priority populations to gain only 20 ad-
ditional PWH diagnosed among the Tennessee-determined
priority populations. The average projected time to HIV diag-
nosis in Current was 2.8 years and in Reallocation was 3.3 years.
Reallocation would also result in 731 fewer people linked to care
and on ART compared with Current. Last, Reallocation would

lead to 565 more PWH with viremia among CDC priority
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Figure 1. Cumulative HIV transmissions among the modeled populations at 10y in the Current and Reallocation strategies. This figure depicts the number of HIV trans-
missions over 10y resulting from the Current (dark shade) and Reallocation (light shade) strategies for each modeled subpopulation. Primary HIV transmissions among the
simulated risk groups are included. Secondary transmissions arising from these primary transmissions were not considered. Abbreviation: HIV, Human immunodeficiency
virus.

Table 2. Model-projected Clinical Outcomes for Current and Reallocation Strategies Over 10y

Populations
Total MSM TGW HSBW First Responders ~ Pregnant People  Survivors of Sex Trafficking

Outcomes (N=11223° (N=8106)" (N=1999)° (N=631) (N=41)% (N=10)% (N=436)*
Total transmissions®

Current 6178 4745 530 427 30 10 436

Reallocation 6344 4890 547 431 30 10 436

Additional transmissions 166° 145 17 4 0 0 0
Cumulative deaths

Current 1633 1138 357 85 5 1 47

Reallocation 1823 1286 402 96 5 1 33

Additional deaths 190° 148 46 12 0 0 —149
Life-years

Current 75792 53619 15657 3979 252 51 2234

Reallocation 74949 52988 15438 3926 254 53 2291

Life-years lost 843° 631 220 53° —2¢ —2¢ —57¢

Abbreviations: HIV, human immunodeficiency virus; HSBW, heterosexual Black women; MSM, men who have sex with men; TGW, transgender women.

2N indicates the total combined population size of the undiagnosed cohort and incident cohort over 10 y under Current. The population size at model initiation was equivalent between Current
and Reallocation, and was 4926 total, 3216 for MSM, 1452 for TGW 200 for HSBW, 11 for first responders, 1 for pregnant people, and 46 for survivors of sex trafficking.

®Incident cohorts were not simulated for pregnant people or survivors of sex trafficking. For pregnant people, only those whose HIV was not diagnosed during their pregnancy under current
allocation was included; for survivors of sex trafficking, only the yearly number of people with HIV freed from sex trafficking were included.

C°All displayed results are rounded to the nearest one.

9Negative numbers indicate deaths averted or life-years gained.

populations to gain 64 more virologically suppressed among
Tennessee-determined priority populations (Figure 3).

Economic Outcomes
We assessed the clinical benefits achieved through the prioriti-
zation of the $6.2 million/year in HIV prevention funding over

10 years. In Current, this amount of HIV prevention funding
would prevent 166 HIV transmissions in the CDC priority
groups compared with Reallocation, resulting in an estimated
$373490 spent to avert each transmission (Table 3).
Reallocation would not prevent any HIV transmissions in the
newly prioritized groups (first responders, pregnant women,
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Figure 2. HIV care continuum outcomes among modeled people with HIV for the Current and Reallocation strategies at 10 y. Figure shows the proportion of simulated
people with HIV who are diagnosed, linked to care, and virologically suppressed at year 10 in the Current (dark shade) and Reallocation (light shade) strategies. Of note, these
results are for populations simulated in the present study, defined in the Methods, and include only people in Tennessee with undiagnosed or unlinked HIV at model initiation,
or incident HIV over the 10-y time horizon of the simulation. Under Current, there are fewer people with HIV overall because of decreased HIV transmissions; there are also
greater proportions of people with HIV who are diagnosed, linked to care, and virologically suppressed. Abbreviation: HIV, Human immunodeficiency virus.
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Figure 3. Number of simulated people with HIV in Tennessee who have undiagnosed HIV, compared to people who have diagnosed HIV and are virologically suppressed at
10 y. Figure presents the projected number of people with HIV across each risk group who are undiagnosed (patterned) compared to those who are diagnosed and virologically
suppressed (solid) at 10 y under the Current (dark shade) and Reallocation (light shade) scenarios. Under Current, there are fewer total people with undiagnosed HIV and more
people with diagnosed HIV at year 10 compared with Reallocation. Reallocation does increase the number of people with HIV who are virologically suppressed among first
responders, pregnant people, and survivors of sex trafficking; however, the increase is relatively small compared to the decrease in virologic suppression among men who
have sex with men, transgender women, and heterosexual Black women. *Survivors of sex trafficking are assumed to be diagnosed when freed from sex trafficking in Current
and Reallocation, but in Reallocation the linkage to HIV care is assumed to increase from 56% to 90%. Abbreviation: HIV, human immunodeficiency virus.
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% change compared with base case results

Scenarios Additional HIV fr issions Additional deaths
Base case results ($6.2M Reallocation compared with Current) 166 190
Budget reallocation of $1.2M in Reallocation @) _
HIV testing change in Reallocation to 24% (base case: 47%) NA 54
Condom & PrEP use reduction in Reallocation to 2% and 13% (base case: 4% and 26%) 48 4
PrEP use reduction in Reallocation to 13% (base case: 26%) 27 2
Condom use reduction in Reallocation to 2% (base case: 4%) 24 13
HIV incidence in transgender women to n=12 (base case: n=56) 8 3
HIV incidence in transgender women to n=105 (base case: n=56) 21 4
Condom use reduction in Reallocation to 6% (base case: 4%) 25 2
PrEP use reduction in Reallocation to 38% (base case: 26%) 26 2
Inclusion of people who inject drugs in modeled populations (n=1,982) 29 15
Condom & PrEP use reduction in Reallocation to 6% and 38% (base case: 4% and 26%) 50 4
Linkage to care reduction in Reallocation by 10% (base case: unchanged) NA 13
Linkage to care reduction in Reallocation by 25% (base case: unchanged) NA 34
HIV testing change in Reallocation to 71% (base case: 47%) NA 64
Retention in care reduction in Reallocation to 70% at 2y (base case: unchanged, 78%) NA
Retention in care reduction in Reallocation to 62% at 2y (base case: unchanged, 78%) NA

Pessimistic case scenario

Compared with base case

Better Reallocation outcome

Worse Reallocation outcome

Figure 4. Change in key clinical outcomes across scenario analyses. This figure shows the impact of varying selected input parameters across their plausible ranges on
estimated additional HIV transmissions, deaths, and life-years lost under Reallocation compared with Current. Each row is a single scenario analysis where either 1 param-
eter, or multiple parameters, were varied from their base case value. The numerical impact of the parameter change on the clinical outcomes is shown on the right, and the
color gradient depicts whether the projected outcome under the given scenario analysis has better (blue) or worse (red) outcomes in that sensitivity analysis compared to the
base case reallocation value. The pessimistic case scenario included changing 6 combined parameters: increase in transmissions from PWH with viremia, retention in care to
62% at 2 y inreallocation, HIV testing change to 71%, linkage to care reduction in reallocation by 25%, reduction in condom use to 6% and PrEP use to 38%, and condom and
PrEP efficacy to 91% and 95%. Abbreviations: HIV, Human immunodeficiency virus; PrEP, preexposure prophylaxis; PWH, people with HIV.

and SST) because it would focus on HIV testing and linkage.
Under Current, payers would spend $302 440/death averted;
under Reallocation, $4 133 330/death averted. Under Current,
payers would spend $68 660/life-year
Reallocation, $1 016 390/life-year saved.

saved; under

Sensitivity and Scenario Analyses

We varied the expected reductions in condom use and PrEP
use, retention in care at 2 years, reductions in HIV testing
under Reallocation, probability of linkage to care under
Reallocation, the budgetary reallocation amount, HIV inci-
dence in TGW, and HIV prevalence in SST. Variations in
PrEP and condom use reductions under Reallocation
were most influential on HIV transmissions over 10 years
(Figure 4). Retention in care at 2 years under Reallocation
was most influential on deaths and life-years lived when
compared with Current. Reducing retention in care to 62%
at 2 years (compared with the base case value of 78%) would
increase deaths by 143% compared with base case
Reallocation projections. Similarly, the reduction in HIV

testing under Reallocation had a significant impact on deaths
and life-years lived when compared with Current; the num-
ber of deaths under Reallocation remained higher compared
with Current across assessed ranges. We projected that re-
ducing linkage to care probability by 10% and 25% in
Reallocation would lead to 13% and 34% more deaths in
Reallocation compared to Current, respectively. Including
PWID in our modeled populations would lead to 29%
more HIV transmissions and 15% more deaths. Further, a
smaller reallocation of $1.2 million instead of the entire
$6.2 million would still result in 35 additional HIV transmis-
sions and 22 additional deaths (Figure 4). Under the $1.2
million Reallocation scenario, condom usage would decrease
by 0.78%, PrEP provision 5.1%, and HIV testing by 9.1%.
Last, a pessimistic case scenario analysis (combining 6 one-
way scenario analyses for worst Reallocation outcomes) re-
sulted in projected 1359 additional HIV transmissions, 712
additional deaths, and 2778 life-years lost over 10 years,
compared to Current (719%, 275%, and 230% increases
over the base case Reallocation).
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Table 3. Model-projected Economic Outcomes in Tennessee for Current
and Reallocation Strategies Over 10 y

Current Reallocation
HIV prevention funding over 10 y? $62 000 000
HIV transmissions averted across 166 0
modeled populations®
Cost per HIV transmission averted, $¢ 373490 NA
HIV diagnoses across 10 y among 7734 6863
modeled populations®
Cost per HIV diagnosis, $ 8020 9030
Deaths averted among modeled 205 15
populations®
Cost per death averted, $ 302 440 4133330
Life-years saved among modeled 903 61
populations®
Cost per life-year saved, $ 68 660 1016390

Abbreviations: HIV, human immunodeficiency virus; NA, not available.
2$6.2 M/year for 10y.

®Modeled populations include men who have sex with men, transgender women,
heterosexual Black women, first responders, pregnant people, and survivors of sex
trafficking.

CAll costs are in 2022 USD and rounded to the nearest 10.

DISCUSSION

Using a simulation model of HIV disease, we projected the im-
pact of the reallocation of planned HIV prevention funding an-
nounced in Tennessee. We found that rejecting $6.2 million of
annual CDC prevention funding and using the same amount of
state funds to prioritize different populations would lead to 166
additional HIV transmissions, 190 additional deaths, and 843
Although
Reallocation would improve outcomes for the newly prioritized

life-years lost over 10 years in Tennessee.
populations, the scale of improvement was dramatically lower:
15 deaths would be averted in the new priority populations un-
der Reallocation, but an additional 205 deaths would occur
among MSM, TGW, and HSBW. At 10 years, there would be
more PWH in total, more undiagnosed PWH, and fewer virally
suppressed PWH under Reallocation. In terms of economic
outcomes and the value of these prevention efforts, we found
that under Current, payers are spending $68 660/life-year
saved; under Reallocation, this would increase dramatically—
requiring more than $1 million/life-year saved. The results
are most sensitive to variations in the condom, PrEP, and
HIV testing reductions expected under a Reallocation strategy.
Additional HIV transmission in Reallocation could vary by ap-
proximately +50% depending on the extent of reductions in
condom and PrEP use, and additional deaths in Reallocation
could decrease by up to 54% with a lesser reduction in HIV test-
ing or increase by up to 64% with a greater reduction in HIV
testing.

These findings offer clinical, epidemiological, and economic
support for the current allocation of resources to CDC-
identified populations at greatest risk for HIV and highlight
how moving away from such evidence-based policies can do

harm [34]. As policymakers in other states consider the ramifi-
cations of rejecting CDC HIV prevention funding, these results
can inform evidence-based policy.

Rejecting CDC HIV prevention funding and shifting priority
populations in Tennessee would push Tennessee further from
National HIV/AIDS Strategic Plan treatment goals [35]. At pre-
sent, Tennessee has HIV incidence and mortality higher than
the US average [2]. To address these disparities, Tennessee
community-based organizations have built a robust HIV pre-
vention infrastructure over several decades to serve communi-
ties at highest risk for HIV and its complications [36]. This
analysis marshals the available evidence to provide quantitative
confirmation of the widely expressed concern that reallocation
will set the clock back on efforts to expand HIV prevention and
treatment in the state [37, 38].

Although Tennessee policymakers replaced CDC funding
with state-provided funding of unclear source and the CDC
has additionally pledged $4 million to continue to support
community-based organizations through United Way of
Greater Nashville, these funds may still not make up for losses
because of reallocation. Indeed, we found that even rejecting
only $1.2 million of the CDC prevention funds would result
in increased HIV transmission and deaths. Moreover, it is an-
ticipated that only 6 organizations will receive United Way of
Greater Nashville funding, leaving many smaller community-
based organizations across Tennessee, and especially in rural
areas, without resources [39, 40]. Often, these smaller organiza-
tions are deeply embedded within their communities and serve
a diverse client base; an abrupt reduction or removal of funds
would have disproportionate impact on the health of
Tennesseans [41].

In terms of health equity, Reallocation would worsen existing
health disparities in Tennessee among sexual/gender minori-
tized populations and people of color [42, 43]. Black MSM
are at the highest risk for HIV acquisition in Tennessee [44].
People of color, particularly Black men, TGW, and cisgender
women, would bear a disproportionate burden of the addition-
al HIV transmissions, deaths, and life-years lost under
Reallocation. Furthermore, reallocating HIV prevention funds
away from minoritized people at-risk for HIV perpetuates the
legacy of systemic racism driving worse health outcomes
among people of color in Tennessee and across the United
States [45, 46]. A state-sanctioned reprioritization of HIV pre-
vention resources may also discourage minoritized people from
using PrEP, obtaining HIV testing, or seeking HIV care [47].

The Current strategy is likely a cost-effective use of resources;
prioritizing populations at increased risk of HIV acquisition for
HIV prevention and care has been shown to be cost-effective
[6, 48]. The current CDC HIV prevention funding averts
HIV transmissions at a cost of $348 310/case averted (exclusive
of PrEP drug cost), which can be compared to a mean lifetime
cost of adult HIV treatment of $420 285 [49]. Under Current,
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the true overall cost from the state perspective may be substan-
tially lower (ie, approaching $0) because the funding is provid-
ed entirely by the CDC.

This analysis has several limitations. First, data about CDC
HIV prevention funds distribution across condom provision,
PrEP provision, HIV testing, as well as future trends in uptake
and discontinuation rates are uncertain, and not all $6.2 M may
be spent on HIV testing in the Tennessee-determined priority
populations. Although varying these assumptions did not
change our policy conclusions, CDC funding distribution
data and incorporating yearly changes in the uptake and dis-
continuation rates would lead to more refined estimates of
the impact of redistribution. Second, the simulation assumed
mutually exclusive population subgroups, which may underes-
timate the joint impacts of subgroup risk factors on HIV trans-
missions and outcomes. Nonetheless, when considering the
outcomes for subgroups, the impacts are substantial. Third,
we did not conduct probabilistic sensitivity analyses in this
study. Assuming the lives of those in subpopulations are valued
equally, qualitative conclusions from deterministic sensitivity
analyses are robust when we assume the best or worst possible
correlation between parameters. Probabilistic sensitivity analy-
ses assuming independent, uniform parameter distributions—
because decision uncertainty is near zero—would be unlikely to
change policy prescriptions [50, 51]. Last, we simulated the
HIV epidemic in Tennessee as a whole, given data limitations
on county-level clinical and epidemiologic outcomes, as well
as the proportion of reallocation funding in each county. The
simulation of county-level outcomes of Reallocation may un-
cover increased disparities among populations most affected
by the HIV epidemic that the state-level analysis cannot show.

In conclusion, we find that the proposed reallocation of HIV
prevention funding in Tennessee at a minimum would result in
additional HIV transmissions, deaths, and years of life lost over
10 years and increase costs per death averted by 15-fold.
Reallocation would greatly harm CDC priority populations,
while conferring minimal benefits to the new priority
populations.

Supplementary Data

Supplementary materials are available at Clinical 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 comments should be addressed to the corresponding
author.
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