
What Will It Take to End HIV in the United States? A 
Comprehensive, Local-Level Modeling Study

Anthony Todd Fojo, MD, MHS,
Johns Hopkins University School of Medicine, Baltimore, Maryland

Melissa Schnure, ScM,
Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland

Parastu Kasaie, PhD,
Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland

David W. Dowdy, MD, PhD*,
Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland

Maunank Shah, MD, PhD*

Johns Hopkins University School of Medicine, Baltimore, Maryland

Abstract

Background: The Ending the HIV Epidemic (EHE) initiative aims to reduce incident HIV 

infections by 90% over a span of 10 years. The intensity of interventions needed to achieve this for 

local epidemics is unclear.

Objective: To estimate the effect of HIV interventions at the city level.

Design: A compartmental model of city-level HIV transmission stratified by age, race, sex, and 

HIV risk factor was developed and calibrated.

Setting: 32 priority metropolitan statistical areas (MSAs).

Patients: Simulated populations in each MSA.

Intervention: Combinations of HIV testing and preexposure prophylaxis (PrEP) coverage among 

those at risk for HIV, plus viral suppression in persons with diagnosed HIV infection.

Measurements: The primary outcome was the projected reduction in incident cases from 2020 

to 2030.

Results: Absent intervention, HIV incidence was projected to decrease by 19% across all 32 

MSAs. Modest increases in testing (1.25-fold per year), PrEP coverage (5 percentage points), and 

viral suppression (10 percentage points) across the population could achieve reductions of 34% 

to 67% by 2030. Twenty-five percent PrEP coverage, testing twice a year on average, and 90% 

viral suppression among young Black and Hispanic men who have sex with men (MSM) achieved 

similar reductions (13% to 68%). Including all MSM and persons who inject drugs could reduce 
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incidence by 48% to 90%. Thirteen of 32 MSAs could achieve greater than 90% reductions in 

HIV incidence with large-scale interventions that include heterosexuals. A web application with 

location-specific results is publicly available (www.jheem.org).

Limitation: The COVID-19 pandemic was not represented.

Conclusion: Large reductions in HIV incidence are achievable with substantial investment, but 

the EHE goals will be difficult to achieve in most locations. An interactive model that can help 

policymakers maximize the effect in their local environments is presented.

Primary Funding Source: National Institutes of Health.

TOC blurb

Forty years after its initial recognition, and despite the development of highly effective approaches 

to prevention and treatment, HIV infection continues to cause major morbidity and mortality in 

the United States. The Ending the HIV Epidemic initiative has as its ambitious goal the reduction 

of incident HIV infections by 90% over the next 10 years. An interactive model was developed to 

assist policymakers in prioritizing interventions at the local level to achieve this goal.
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BACKGROUND

With more than 37 000 new infections and 1 million prevalent cases in 2018, HIV imposes 

substantial health burdens in the United States (1). The Ending the HIV Epidemic (EHE) 

initiative aims to reduce incident HIV infections in the United States by 90% over a span 

of 10 years (2, 3). The initiative highlights high-risk populations (young Black and Hispanic 

men who have sex with men [MSM]) and focuses on 4 strategies: rapid diagnosis of HIV, 

effective treatment to achieve viral suppression in persons with HIV infection (PWH), 

prevention of new infections through interventions such as preexposure prophylaxis (PrEP) 

or needle-exchange programs, and rapid response to HIV outbreaks.

The optimal combination of these strategies is unclear, as is the effect of targeting 

interventions toward specific subgroups. Furthermore, HIV epidemics are localized, and 

the most effective interventions likely differ between locations (4). Mathematical models of 

infectious disease can facilitate evidence-based evaluation of potential strategies (5, 6).

We developed a dynamic model of HIV transmission to help policymakers identify the 

combinations and intensity of strategies most likely to reduce HIV incidence in their local 

settings. Specifically, we projected the effect of interventions by implementing the first 3 

EHE pillars—HIV screening, viral suppression among PWH, and preventive measures—in 

32 priority urban areas (2, 3).
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METHODS

Model Structure

The Johns Hopkins HIV Economic-Epidemiologic Mathematical Model is a dynamic, 

compartmental model of HIV transmission (7, 8). Expanding on that model, we developed 

a novel HIV transmission model stratified by age (13 to 24, 25 to 34, 35 to 44, 45 to 54, 

and ≥55 years), race/ethnicity (Black, Hispanic, and other), sex and sexual behavior (female, 

heterosexual male, and MSM), and intravenous drug use (never use, active use, and prior 

use) at the local level. We represented the adult population (aged ≥13 years) according to 

HIV infection status (uninfected, acute HIV—the first 2.9 months after infection [9]—or 

chronic HIV), awareness of infection, and PrEP status (Figure 1).

Acquisition of HIV in each population subgroup reflected the frequency of sexual or 

needle-sharing pairings with other subgroups; prevalence of unsuppressed HIV in partnering 

subgroups; subgroup-specific transmission rates; and subgroup PrEP coverage and use 

of needle-exchange programs. We represented these relationships as a set of differential 

equations (Supplement, available at Annals.org), solved using the odeintr package in R, 

version 4.0.2 (R Foundation for Statistical Computing) (10, 11).

Study Setting

The EHE initiative identified 48 high-burden counties plus Washington, DC (2), which span 

32 metropolitan statistical areas (MSAs). Because mixing between adjacent counties in the 

same MSA is likely common, we represented epidemics at the MSA level.

Model Calibration

Within each MSA, we estimated 131 parameters that governed subgroups’ risks for HIV 

infection, frequency of HIV testing, PrEP uptake, viral suppression, use of injection drugs, 

and propensities for mixing with other subgroups, in time-dependent fashion (Supplement 

Table 1). Each set of parameter values yielded a different simulation; we used a Bayesian 

process to generate simulations that closely matched the following 10 calibration targets 

at the MSA level: reported diagnoses from 2009 to 2017, stratified by sex, age, race, and 

risk factor (and 2-way combinations thereof) (12–19); estimated number of PWH who are 

aware of their diagnosis from 2008 to 2016, stratified by sex, age, race, and risk factor (plus 

2-way combinations) (12–19); death in PWH from 2009 to 2016, stratified by sex (13–19); 

the proportion of PWH who are aware of their diagnosis from 2010 to 2018 (at the state 

level) (12); the proportion of PWH who were virally suppressed, as reported by local health 

departments from 2010 to 2018 and stratified by age, race, sex, and risk factor when data 

were available; the number of persons receiving a prescription for emtricitabine–tenofovir 

for PrEP (20); the probability of receiving an HIV test between 2013 and 2017 (21); the 

prevalence of injection drug use from 2014 to 2016 (substate estimates) (22); cumulative 

AIDS mortality up to 2002 (23); and reported AIDS diagnoses from 1998 to 2002 (23).

We formulated a likelihood function that quantified how well each simulation matched 

calibration targets (detailed in the Supplement). We ran an adaptive Metropolis sampler, a 

Bayesian method in which thousands of simulations are run to approximate the probability 
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distributions of parameters (24, 25). For each MSA, we ran 4 chains with 50 000 “burn­

in” iterations and 50 000 sampling iterations. Thinning to every 200th iteration yielded a 

posterior set of 1000 simulations per MSA. We projected these 1000 simulations forward 

to 2030 under different intervention scenarios to estimate the effect on each MSA’s 

HIV epidemic. We calculated mean absolute percentage errors for reported diagnoses and 

prevalence to summarize overall model fit (26).

Data Sources

We derived population sizes from U.S. Census Bureau 1990 to 2018 intercensal estimates 

(27), birth and death rates from the Centers for Disease Control and Prevention’s WONDER 

database (23), and numbers of MSM from Grey and colleagues (28). We based prior 

distributions for HIV testing, viral suppression, and PrEP use on national data from Centers 

for Disease Control and Prevention HIV Surveillance Reports (29–37) and multicity data 

from the National HIV Behavioral Surveillance program (38–45). Prior distributions for 

sexual and needle-sharing frequency and assortativity were based on published literature 

(22, 38, 46–57).

Modeled Interventions

We modeled 3 values that could be affected by interventions for each demographic and 

risk factor subgroup in each MSA. First, we modeled HIV testing – the average number 

of tests done per year on undiagnosed PWH – which determines the rate of diagnosis. 

Second, we modeled the proportion of serostatus-aware PWH who are virally suppressed 

(and thus do not transmit HIV [58]) representing the combined efficacy of interventions 

to enhance engagement and retention in care and improve adherence to antiretrovirals in 

terms of the resulting. Third, we modeled PrEP coverage: the proportion of persons who are 

HIV negative and at risk for HIV (that is, engaging in needle sharing or nonmonogamous 

sex [59]) who are enrolled in a PrEP program, including both medication and HIV testing 

every 3 to 6 months. We based efficacy on clinical trials, so PrEP reduced the rate of 

HIV acquisition by 86% for male-to-male sexual transmission (60), 75% for heterosexual 

transmission (61), and 49% for intravenous drug use–related transmission (62).

We assumed that, before 2021, HIV testing, PrEP coverage, and viral suppression changed 

over time in each subgroup, as seen in national and multicity reporting from 2010 to 2018 

(29–45). Absent any additional intervention, we assumed that these levels would continue 

their trajectories (with randomly sampled variation) into the future, such that, in MSAs 

where HIV trends are improving, those improvements are carried forward.

Among persons who inject drugs (PWID) who do not have HIV, we additionally represented 

the proportion in needle-exchange programs, as well as the medications for opioid use 

disorder among PWID in remission. We let needle-exchange programs reduce the rate of 

HIV acquisition via needle sharing by 31% (63–65) and increased the rate of remission from 

injection drug use by 1.36-fold (66–68). Medications for opioid use disorder reduced the rate 

of relapse to injection use by 0.45-fold (69). We assumed that, absent intervention, needle 

exchange and medication for opioid use disorder coverage were zero.
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We developed a “broad moderate improvement” scenario in which all population subgroups 

increased PrEP coverage 5 percentage points above what it would have been, testing 1.25 

times, and viral suppression 10 percentage points. To explore what it will take to achieve 

the EHE goals, we also tested intervention scenarios with “intensive” levels of testing (once 

every 2 years to twice a year), PrEP coverage (10% or 25%), and viral suppression among 

diagnosed PWH (80% or 90%), alone or in combination. We applied interventions to 3 risk 

groups identified by the EHE initiative, in decreasing order of HIV risk: Black and Hispanic 

MSM younger than 35 years, all other MSM plus all PWID, and heterosexuals (2). Finally, 

we tested the effect of needle-exchange programs and medications for opioid use disorder 

among PWID.

We presumed that interventions would scale up linearly from the baseline to the target 

level over a span of 5 years (1 January 2023 through 31 December 2027, with a secondary 

analysis for 3 years from 1 January 2023 to 31 December 2025), after which they would 

continue throughout the simulated time period at the target intensity. If the baseline (no 

additional intervention) level ever exceeded the target, we applied the higher (baseline) 

value.

Outcomes

Our primary outcome was the reduction in the projected number of incident HIV infections 

from 2020 to 2030 ([incident cases in 2020 – incidence cases in 2030]/incident cases in 

2020) compared with the EHE target of 90% reduction. Our secondary outcome was the 

reduction in the projected number of incident HIV infections from 2020 to 2025 compared 

with the EHE target of 75%. For each intervention scenario and MSA, we calculated 

the mean reduction and 95% credible interval (2.5th and 97.5th quantiles) from 1000 

simulations.

Sensitivity Analyses

We did probabilistic sensitivity analyses to identify parameters strongly associated with the 

primary outcome using the intervention scenario in which MSM and PWID were tested on 

average twice a year; had 25% PrEP coverage; and 90% of diagnosed MSM, PWID, and 

PWH were virally suppressed. First, for each MSA, we calculated partial rank correlation 

coefficients, a multivariate measure of the correlation between the outcome and parameters 

(70). Second, for each parameter, we ranked the simulations in each MSA by the parameter 

value and compared the reductions in total incidence—aggregated across all MSAs—from 

the 20% of simulations with the highest values of that parameter to the reductions in the 

20% of simulations with the lowest (6).

Web Tool

We developed an interactive, publicly available web tool at www.jheem.org to visualize 

projected HIV incidence, prevalence, reported diagnoses, and death under each intervention 

scenario and under user-customizable scenarios in each of the 32 MSAs.

Role of the Funding Source

The funder had no role in the study’s design, conduct, or reporting.

Fojo et al. Page 5

Ann Intern Med. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.jheem.org


RESULTS

Simulations in each MSA were consistent with epidemiologic targets (see Figure 2 for 

New York–Newark–Jersey City). Detailed visualizations for each MSA are available at 

www.jheem.org. Across all 32 MSAs, the projected new diagnoses from 2010 to 2018 

differed from reported diagnoses by 1265 cases on average (mean absolute percentage error, 

5% [range, 4% to 11% across cities]) (Supplement Figure 1). Projected prevalence differed 

by 11 736 cases on average (2% [range, 3% to 12% across cities]) (Supplement Figure 2).

With current trends continuing, absent additional interventions, HIV incidence was projected 

to decrease by 19% in total by 2030 across all 32 MSAs (see Figure 3 for New York–

Newark–Jersey City, New York–New Jersey–Pennsylvania), ranging from a 2% increase 

in Sacramento–Roseville–Folsom, California to a 38% decrease in Washington–Arlington–

Alexandria, District of Columbia–Virginia–Maryland–West Virginia (Figure 4, column 1). 

These projections reflected baseline PrEP coverage, testing rates, and viral suppression 

among diagnosed PWH in each MSA, which differed by demographic subgroup and over 

time. Averaged across all races and ages, MSM in 2020 were projected to have PrEP 

coverage ranging from 3% to 12% across MSAs, 0.3 to 0.8 tests per year on average, and 

46% to 88% viral suppression. In the subsequent 5 years, PrEP coverage was projected to 

increase by 0.7 to 2.4 percentage points, whereas testing and viral suppression increased 

only marginally. Baseline levels for other subgroups and times are presented in Supplement 

Figures 3 to 5 and at www.jheem.org.

Interventions that modestly improved PrEP coverage (5 percentage points), testing (1.25­

fold), and suppression (10 percentage points) across the entire population achieved 

reductions of 34% to 67% (Figure 4, column 2). Single-modality interventions that increased 

PrEP coverage (up to 25%), testing (up to twice a year), or viral suppression among 

diagnosed PWH (up to 90%) across all subgroups reduced incidence by 23% to 76% (Figure 

4, columns 3 to 5; Supplement Figure 6).

Interventions that focused on young Black and Hispanic MSM could achieve 10-year 

incidence reductions from 13% to 68% (Figure 4, columns 5 to 8 and Figure 3, A and 

B). Interventions targeting all MSM and PWID reduced incidence from 48% to 90% (Figure 

4, columns 10 to 13 and Figure 3, C and D). Among all 32 MSAs, only Las Vegas was 

projected to reach a 90% reduction without also expanding to heterosexuals; when including 

heterosexuals in intensive interventions, 13 of 32 MSAs could reach the EHE targets, with 

reductions of 53% to 93% (Figure 4, columns 14 to 17).

None of the 17 intervention scenarios in any of the 32 cities achieved the 2025 target 

of a 75% reduction (Supplement Figure 7). Implementing interventions over a faster time 

frame (2023 to 2025) allowed 23 MSAs to meet the 2025 goals with broad interventions 

(Supplement Figure 8) but did not change the ability of any scenario to achieve the 2030 

target (Supplement Figure 9).

In specific MSAs, increased coverage of needle-exchange programs reduced HIV incidence 

by up to 16% (for example, 42% in Boston–Cambridge–Newton, Massachusetts–New 

Hampshire vs. 26% without such intervention), although in most MSAs, the effect of 
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needle-exchange programs or medications for opioid use disorder was substantially less 

(<1% additional reduction) (Supplement Figure 10).

In sensitivity analyses, the model parameters most strongly associated with estimated 

reductions in HIV incidence by 2030 were the HIV transmission rate among Black 

heterosexuals (mean partial rank correlation coefficient = −0.60) and the degree to which 

viral suppression increased in the future absent intervention (mean partial rank correlation 

coefficient = −0.38). Model results were robust to variation (Figure 5). For example, in 

Baton Rouge, Louisiana—the MSA with the greatest sensitivity to HIV transmission among 

Black heterosexuals—the 200 simulations with the highest Black heterosexual transmission 

rate had a mean projected reduction in HIV incidence by 2030 of 75% (95% credible 

interval, 62% to 83%), whereas the 200 simulations with the lowest transmission rate had 

a mean projected reduction of 54% (95% credible interval, 9% to 71%). Other parameters 

were less strongly correlated on average, although there was substantial variation at the 

MSA level.

DISCUSSION

This detailed HIV transmission model, calibrated to specific MSAs, shows that EHE targets 

will be difficult to achieve. Absent additional interventions, we project a total incidence 

reduction of 19% across 32 cities over a span of 10 years if current trends continue. 

Modest increases in testing, PrEP coverage, and viral suppression across the population 

can achieve 10-year incidence reductions up to 67% in some cities. Interventions focused 

on the highest-risk subgroups (young Black and Hispanic MSM) that concurrently deliver 

high levels of testing, PrEP coverage, and viral suppression among diagnosed PWH can 

achieve similar reductions up to 68%. Including all MSM and PWID in interventions 

could reduce incidence by 48% to 90%. Thirteen of 32 MSAs could achieve greater 

than 90% reductions in incidence with large-scale interventions targeted across the entire 

population. Our local-level projections—available at www.jheem.org—can help decision 

makers identify those interventions most likely to have a population-level effect. They also 

illustrate the heterogeneity among cities and the need to avoid “one-size-fits-all” thinking.

The levels of HIV testing (once to twice a year), PrEP coverage (10% to 25%), and 

viral suppression among diagnosed PWH (80% to 90%) needed to sharply reduce HIV 

transmission will require substantial investments at the local level. Although Centers for 

Disease Control and Prevention guidelines recommend yearly HIV testing for those at risk 

(71), the median time since the last HIV test among those at risk was 1.4 years from 2006 

to 2016 (72). Boosting testing rates higher than yearly would likely require some form of 

free, at-home HIV testing, which has been shown to increase the number of tests in MSM 

by 1.5- to 2.1-fold (73, 74). Preexposure prophylaxis coverage of 10% among MSM has 

been reported in several urban clinics (75–77). Approaching 25% coverage would demand 

an intensive effort. In a study in New York City from 2017 to 2018, offering PrEP navigators 

to all MSM presenting at public sexual health clinics increased PrEP coverage from 14% to 

23% (75). Eighty percent viral suppression among serostatus-aware PWH has been found 

in several international settings (78); nationally, 65% of diagnosed PWH in the United 

States were suppressed in 2018 (29), but King County, Washington (in the Seattle–Tacoma–
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Bellevue MSA), has reported more than 80% viral suppression since 2015 (12). To our 

knowledge, 90% suppression among diagnosed PWH, which roughly corresponds to the 

World Health Organization’s target of 95% of diagnosed PWH on antiretroviral therapy with 

95% of those virally suppressed (79), has not been shown in large-scale settings. Reaching 

this ambitious target would require improvements all along the continuum of care—from 

initial linkage, to retention, to suppressing those in care. A breakdown at any step would 

render the 90% level unattainable.

Other HIV transmission models have explored EHE targets, although not across all MSAs 

targeted by the EHE initiative. In a national-level model, Bradley and colleagues (80) 

projected a 67% reduction in reported diagnoses from 2018 to 2030 if 95–95-95 goals 

were met and approximately 28% of persons at risk were prescribed and adherent to 

PrEP. We projected a decrease of 74% across 32 MSAs in aggregate under a roughly 

analogous scenario (95% aware, 25% receiving PrEP, and 90% suppressed by 2025). 

However, our analysis highlights substantial variations between MSAs, with projected 

reductions ranging from 49% (in Seattle–Tacoma–Bellevue, Washington) to 83% (in 

Baltimore–Columbia–Towson, Maryland). At the local level, Nosyk and colleagues (81–83) 

developed a compartmental model of HIV epidemics in 6 U.S. cities, stratified by race 

and HIV risk factor. Our model predicted greater declines in incidence under our baseline 

scenario (that is, absent additional interventions) (Supplement Table 3); for example, in 

Seattle, we projected a 28% decline, whereas Nosyk and colleagues projected a 15% 

reduction. This may result from structural differences (we explicitly represent age strata 

but simplify the HIV continuum of care) or differences in calibration (Nosyk and colleagues 

calibrated to reported diagnoses, diagnosed PWH, and death from 2012 to 2015, whereas we 

calibrated to 10 stratified targets through 2018). Jenness and colleagues (84) developed 

a network-based transmission model focused on MSM in Atlanta, Georgia. Our 2030 

incidence projections absent interventions aligned closely with this model, but we projected 

greater reductions from improved testing (Supplement Tables 4 to 6). The individual-based 

framework of Jenness and colleagues can explore network effects that our compartmental 

model cannot, whereas by including other risk groups, we can evaluate interventions for a 

broader population. Our results expand on these existing models by providing projections 

across 32 MSAs for a broad spectrum of intervention scenarios.

Our approach has important strengths. First, by representing individual MSAs, our 

projections reflect the unique conditions of local epidemics. Second, our model is calibrated 

to epidemiologic data at the intersection of age, race, sex, and HIV risk factor, allowing us 

to consider targeted interventions that focus on specific demographic and risk subgroups. 

Third, our Bayesian calibration process replicates a broad array of epidemiologic calibration 

targets and explores possible scenarios that could lead to the observed epidemic in each city. 

This enables the model to be fitted to additional locations as long as sufficient epidemiologic 

data are available. Finally, we provide a publicly available web tool that allows users to 

visualize projections for all 32 MSAs and also design custom interventions.

Like with any model, our results should be interpreted in light of several limitations. First, 

we assume all HIV transmission occurs within an MSA. These high-burden cities have 

more transmission than surrounding areas, so imported cases are likely relatively infrequent, 
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but exclusion of imported and exported cases could result in over-or underestimating the 

total effect of local interventions. Second, we framed PrEP coverage as the proportion 

of “persons at risk for HIV infection” within a subgroup who are enrolled in a PrEP 

program. However, not all persons in a subgroup are equally at risk. Thus, our projections 

of PrEP effect could be underestimates (for example, if actual PrEP enrollees are higher 

risk than average) or overestimates (for example, if the highest-risk persons are the most 

difficult to enroll). We also modeled PrEP effectiveness on available short-acting regimens 

(60–62), which would underestimate the effect of emerging options, such as long-acting 

regimens (85). Third, we simplified the HIV continuum of care to include only persons who 

were diagnosed and virally suppressed versus unsuppressed. This framework enables us to 

test the effect of meeting specified targets for the overall proportion of persons who are 

virally suppressed (which could be achieved by a combination of linkage, care retention, 

reengagement, or adherence interventions). However, it does not allow us to evaluate 

the particular contributions of individual steps on the continuum. Finally, our projections 

presume that recent trends in HIV transmission, care, and prevention continue into the near 

future. This assumption is notably violated, for example, by the COVID-19 pandemic. 

Although early surveys suggest there have been alterations in transmission behaviors, 

testing, viral suppression, and PrEP uptake (86–89), the precise effects are unlikely to be 

clear for some time; 2 other models project a range of possible pandemic effects, from 

moderate decreases to moderate increases in HIV incidence (90, 91). If pandemic-related 

changes in HIV care are temporary, the relative effect of interventions may not change 

substantially; however, the projected ability to meet an absolute 90% incidence reduction 

may be over- or underestimated.

In conclusion, large reductions in HIV incidence are feasible but only with substantial 

investments that consider the local dynamics of HIV epidemics. However, reaching the goals 

set forth by the EHE initiative would require a level of intervention that is likely beyond the 

reach of most local jurisdictions. We present an interactive, locally tailored model that can 

help policymakers maximize the epidemiologic effect of HIV-focused interventions in their 

local environments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Model structure. The upper left panel shows model populations (compartments) representing 

HIV disease and continuum of care. Each uninfected population has a proportion who are 

enrolled in a PrEP program. As persons in the model become infected, they first enter the 

acute HIV phase, where transmissibility is high, before progressing to chronic HIV. Persons 

who become infected with HIV while enrolled in a PrEP program are diagnosed at an 

average rate of once every 3 mo. Persons with HIV infection who are unaware of their 

diagnosis and not in a PrEP program are diagnosed according to testing rates that depend 

on their age, race/ethnicity, sex or sexual behavior, intravenous drug use status, location, 

and calendar year. All populations of persons with HIV infection who are aware of their 

diagnosis have a proportion who are virally suppressed and do not transmit HIV. Each 

population is further stratified by sex or sexual behavior and intravenous drug use status (top 

right) and by age and race/ethnicity (bottom). IDU = injection drug use; MSM = men who 

have sex with men; PrEP = pre-exposure prophylaxis.
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Figure 2. 
Model fit for 1000 simulations in New York–Newark–Jersey City, New York–New Jersey–

Pennsylvania metropolitan statistical area. The shaded ribbons represent the 95% credible 

interval. The solid, dotted, and dashed lines in the middle of the ribbons represent the mean 

across 1000 model simulations. The circles, squares, triangles and diamonds represent data 

from the Centers for Disease Control and Prevention surveillance (12–19). Data stratified by 

race/ethnicity, HIV risk factor, and age on reported diagnoses at the metropolitan statistical 

area-level were available for 2010, 2011, and 2013 to 2017, and on estimated prevalence for 

2009, 2010, and 2012 to 2016. IDU = injection drug use; MSM = men who have sex with 

men.
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Figure 3. 
The effect of 2 potential interventions on incidence and reported diagnoses in the New 

York–Newark–Jersey City, New York–New Jersey–Pennsylvania metropolitan statistical 

area. The shaded ribbons represent the 95% CrI. The solid and dashed lines in the middle of 

the ribbons represent the mean across 1000 model simulations. The black circles represent 

Centers for Disease Control and Prevention surveillance data for total reported diagnoses 

(12–19). Interventions begin implementation on 1 January 2023, scale up by 31 December 

2027, and continue implementation through 2030. The “no intervention” scenario (solid 

orange lines) assumes continuation of current rates of improvement in testing, suppression, 

and PrEP usage over the next 5 years. Intervention 1 (dashed blue lines) targets Black and 

Hispanic MSM aged younger than 35 years with twice-yearly testing and 25% PrEP uptake 

among those at risk, plus viral suppression in 80% of those with diagnosed HIV. Intervention 

2 (dashed red lines) targets all MSM and PWID with twice-yearly testing and 25% PrEP 

uptake among those at risk, plus viral suppression in 90% of those with diagnosed HIV. CrI 

= credible interval; MSM = men who have sex with men; PrEP = preexposure prophylaxis; 

PWID = persons who inject drugs.
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Figure 4. 
Reduction in HIV incidence from 2020 to 2030 for intervention scenarios across 32 MSAs. 

Each cell shows the mean percentage reduction across 1000 simulations in model-projected 

incidence from 2020 to 2030. The interventions begin on 1 January 2023, scale up linearly 

until 31 December 2027, and continue implementation through 2030. Tests per year denotes 

the average number of tests per year for those in the group (½ implies an average of 1 test 

every 2 years), PrEP coverage denotes the proportion of at-risk persons who are enrolled 

in a PrEP program, and suppression denotes the proportion of persons with HIV who have 

a suppressed viral load. MSA = metropolitan statistical area; MSM = men who have sex 

with men; PrEP = preexposure prophylaxis; PWID = persons who inject drugs. * The 

rates of testing, PrEP coverage, and suppression absent additional intervention differ by 
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age, race, sex, risk factor, and MSA, and change over time. Averaged across all races and 

ages, MSM in 2020 were projected to have PrEP coverage ranging from 3% to 12% across 

MSAs, 0.3 to 0.8 tests per year on average, and 46% to 88% viral suppression. By 2025, 

PrEP coverage was projected to increase by 0.7 to 2.4 percentage points, whereas testing 

and viral suppression increased only marginally. Baseline levels for other subgroups and 

times are presented in Supplement Figures 3 to 5 and at www.jheem.org. † In the “broad 

moderate improvement” scenario, all subgroups increased PrEP coverage by 5 percentage 

points, testing 1.25 times per year, and viral suppression 10 percentage points. ‡ Total = the 

reduction in the sum of projected incidence across all 32 MSAs.
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Figure 5. 
Sensitivity analyses for the 10 parameters most strongly associated with projected 10-year 

reduction in HIV incidence. MSA = metropolitan statistical area; MSM = men who have 

sex with men. Top. Box-and-whisker plot showing partial rank correlation coefficients—a 

measure of the correlation between (ranked) parameter values and the (ranked) outcome: 

the reduction in incidence from 2020 to 2030 assuming an intervention in which all at-risk 

MSM and all persons who inject drugs are tested yearly, 50% are receiving preexposure 

prophylaxis, and 90% of those with HIV are virally suppressed. Values close to 1 or −1 
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indicate perfect correlation. We show the 10 parameters with the strongest correlation with 

the outcome. The vertical line represents the median partial rank correlation coefficient 

across the 32 MSAs, the shaded boxes denote the interquartile range, and the whiskers span 

the minimum and maximum reduction across all 32 MSAs.

Bottom. The reduction in total incidence (aggregated across the 32 MSAs) from 2020 to 

2030 for the 200 simulations with the highest values of each parameter (blue) versus the 

200 simulations with the lowest values (orange). This gives a sense for the magnitude of the 

change in the outcome when each parameter is varied from low to high values across the 

selected ranges. The vertical line represents the median reduction across the 200 simulations, 

the shaded boxes denote the interquartile range, and the whiskers span the minimum and 

maximum reduction for the 200 simulations.
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