
UCLA
UCLA Previously Published Works

Title

The impact of localized implementation: determining the cost-effectiveness of HIV 
prevention and care interventions across six United States cities.

Permalink

https://escholarship.org/uc/item/0k89b21v

Journal

AIDS, 34(3)

ISSN

0269-9370

Authors

Krebs, Emanuel
Zang, Xiao
Enns, Benjamin
et al.

Publication Date

2020-03-01

DOI

10.1097/qad.0000000000002455
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0k89b21v
https://escholarship.org/uc/item/0k89b21v#author
https://escholarship.org
http://www.cdlib.org/


The impact of localized implementation: determining the cost-
effectiveness of HIV prevention and care interventions across 
six U.S. cities.

Emanuel KREBS1, Xiao ZANG1,2, Benjamin ENNS1, Jeong E MIN1, Czarina N BEHRENDS3, 
Carlos DEL RIO4, Julia C DOMBROWSKI5, Daniel J FEASTER6, Kelly A GEBO7, Matthew 
GOLDEN5, Brandon DL MARSHALL8, Lisa R METSCH9, Bruce R SCHACKMAN3, Steven 
SHOPTAW10, Steffanie A STRATHDEE11, Bohdan NOSYK1,2 localized economic modeling 
study group
1.BC Centre for Excellence in HIV/AIDS, 608-1081 Burrard St., Vancouver, BC V6Z 1Y6, Canada

2.Faculty of Health Sciences, Simon Fraser University, Blusson Hall, Room 11300 8888 University 
Dr., Burnaby, BC V5A 1S6, Canada

3.Department of Healthcare Policy and Research, Weill Cornell Medical College, 402 East 67th 
St., New York, NY 10065, USA

4.Rollins School of Public Health and Emory University School of Medicine, 1518 Clifton Rd., 
Atlanta, GA 30322, USA

5.Department of Medicine, Division of Allergy and Infectious Disease, University of Washington, 
1959 NE Pacific St., Seattle, WA 98195, USA

Corresponding Author: Bohdan Nosyk, PhD, BC Centre for Excellence in HIV/AIDS, St. Paul’s Hospital, 613-1081 Burrard St. 
Vancouver, BC, Canada V6Z 1Y6, bnosyk@cfenet.ubc.ca; T: 604-806-8649.
The Localized HIV Modeling Study Group is composed of
Czarina N Behrends, PhD, Department of Healthcare Policy and Research, Weill Cornell Medical College
Carlos Del Rio, MD, Hubert Department of Global Health, Emory Center for AIDS Research, Rollins School of Public Health, Emory 
University
Julia C Dombrowski, MD, primary with Department of Medicine, Division of Allergy & Infectious Disease, adjunct in Epidemiology, 
University of Washington
Daniel J Feaster, PhD, Department of Public Health Sciences, Leonard M. Miller School of Medicine, University of Miami
Kelly A Gebo, MD, Bloomberg School of Public Health, Johns Hopkins University
Matthew Golden, MD, primary with Department of Medicine, Division of Allergy & Infectious Disease, adjunct in Epidemiology, 
University of Washington
Gregory Kirk, PhD, Bloomberg School of Public Health, Johns Hopkins University
Brandon DL Marshall, PhD, Department of Epidemiology, Brown School of Public Health, Rhode Island, United States
Shruti H Mehta, PhD, Bloomberg School of Public Health, Johns Hopkins University
Lisa R Metsch, PhD, Department of Sociomedical Sciences, Mailman School of Public Health, Columbia University
Julio Montaner, MD, BC Centre for Excellence in HIV/AIDS; Faculty of Medicine, University of British Columbia
Bohdan Nosyk, PhD, BC Centre for Excellence in HIV/AIDS; Faculty of Health Sciences, Simon Fraser University
Bruce R Schackman, PhD, Department of Healthcare Policy and Research, Weill Cornell Medical College
Steven Shoptaw, PhD, Centre for HIV Identification, Prevention and Treatment Services, School of Medicine, University of California 
Los Angeles
Steffanie A Strathdee, PhD, School of Medicine, University of California San Diego

Conflicts of Interest and Source of Funding
EK, XZ, BE, JEM, CNB, CDR, DJF, KAG, MG, BDLM, LM, BRS, SS, SAS, and BN declare no competing interests. JCD has 
participated in research supported by grants to the University of Washington from Hologic. Funding for the study described in this 
publication was provided by Simon Fraser. Dr. Gebo is also a paid consultant to Simon Fraser. This arrangement has been reviewed 
and approved by the Johns Hopkins University in accordance with its conflict of interest policies.

HHS Public Access
Author manuscript
AIDS. Author manuscript; available in PMC 2021 March 01.

Published in final edited form as:
AIDS. 2020 March 01; 34(3): 447–458. doi:10.1097/QAD.0000000000002455.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



6.Department of Public Health Sciences, Leonard M. Miller School of Medicine, University of 
Miami, 1120 NW 14th St., CRB 919 Miami, FL 33136, USA

7.School of Medicine, Bloomberg School of Public Health, Johns Hopkins School of Medicine, 733 
N Broadway Baltimore, MD, USA 21205

8.School of Public Health, Brown University, 121 South Main St., Providence, RI 02903, USA

9.Department of Sociomedical Sciences, Mailman School of Public Health, Columbia University, 
722 West 168th St., New York, NY 10032, USA

10.School of Medicine, University of California Los Angeles, 10833 Le Conte Ave., Los Angeles, 
CA 90095, USA

11.School of Medicine, University of California San Diego, La Jolla, California, United States. 9500 
Gilman Dr., La Jolla, CA 92093, USA

Abstract

Objective: Effective interventions to reduce the public health burden of HIV/AIDS can vary in 

their ability to deliver value at different levels of scale and in different epidemiological contexts. 

Our objective was to determine the cost-effectiveness of HIV treatment and prevention 

interventions implemented at previously-documented scales of delivery in six US cities with 

diverse HIV microepidemics.

Design: Dynamic HIV transmission model-based cost-effectiveness analysis.

Methods: We identified and estimated previously-documented scale of delivery and costs for 16 

evidence-based interventions from the US CDC’s Compendium of Evidence-Based Interventions 

and Best Practices for HIV Prevention. Using a model calibrated for Atlanta, Baltimore, Los 

Angeles, Miami, New York City and Seattle, we estimated averted HIV infections, quality-

adjusted life years (QALY) gained and incremental cost-effectiveness ratios (healthcare 

perspective; 3% discount rate, 2018$US), for each intervention and city (10-year implementation) 

compared to the status quo over a 20-year time horizon.

Results: Increased HIV testing was cost-saving or cost-effective across cities. Targeted 

preexposure prophylaxis for high-risk men who have sex with men was cost-saving in Miami and 

cost-effective in Atlanta ($6,123/QALY), Baltimore ($18,333/QALY) and Los Angeles ($86,117/

QALY). Interventions designed to improve antiretroviral therapy initiation provided greater value 

than other treatment engagement interventions. No single intervention was projected to reduce 

HIV incidence by more than 10.1% in any city.

Conclusions: Combination implementation strategies should be tailored to local 

epidemiological contexts to provide the most value. Complementary strategies addressing factors 

hindering access to HIV care will be necessary to meet targets for HIV elimination in the US.

Keywords

HIV; localized HIV microepidemics; interventions; implementation; costeffectiveness; dynamic 
HIV transmission model
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Introduction

The President of the United States recently announced the intention to eliminate the 

domestic HIV epidemic within 10 years[1]. To achieve this ambitious goal, healthcare 

providers and public health departments will need to overcome political, legal and structural 

barriers, and make efficient use of current and future funding[2]. A number of efficacious 

biomedical, behavioral and structural interventions are available; however, there is a paucity 

of evidence on real-world implementation of many of these interventions[3], including the 

population base reached, their adoption across diverse care delivery settings and how long 

they are sustained[4].

This paucity of evidence challenges decisions on how interventions should be implemented 

to make the best use of available funding[4], which are further complicated by the fact that 

the HIV epidemic in the United States is a collection of distinct regional microepidemics, 

dispersed predominantly across large urban centers[5]. Anderson et al. (2014) demonstrated 

that a regionally-focused public health response to HIV can provide substantially greater 

public health benefits compared to a uniform, national strategy for the same investment 

level[6]. The heterogeneity of HIV microepidemics across the United States suggests that 

focused, locally-oriented strategies in treating and preventing HIV will be required to end 

the HIV epidemic.

More than ever, simulation modeling is playing a critical role in priority setting for HIV 

treatment and prevention[7]. Dynamic HIV transmission models can provide a unified 

framework to quantify the health and economic value of different strategies to address the 

HIV epidemic while accounting for microepidemic context and the synergistic effects of 

different combinations of public health interventions[8]. The context in which healthcare 

services are delivered can influence the cost-effectiveness of interventions[9] and dynamic 

HIV transmission models using best-available localized data that capture the heterogeneity 

across settings are uniquely positioned to offer guidance on contextually efficient strategies 

to implement[10].

Ending the HIV epidemic will require an understanding of the population-level impact of 

HIV interventions, as they may vary substantially in their ability to deliver value at different 

levels of scale and in different microepidemics. Our objective was to determine the cost-

effectiveness of HIV treatment and prevention interventions, offered at previously 

documented levels of scale in six US cities with diverse HIV microepidemics.

Methods

Model Description

We adapted and calibrated a previously published dynamic, compartmental HIV 

transmission model[11, 12] to replicate the city-level HIV microepidemic for six US cities: 

Atlanta; Baltimore; Los Angeles (LA); Miami (Dade County); New York City (NYC); and 

Seattle (King County). The model tracked individuals susceptible to HIV infection through 

the course of infection, diagnosis, treatment with antiretroviral therapy (ART) and ART 

dropout. In each city, the adult population 15–64 was partitioned by sex at birth, HIV risk 
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group (men who have sex with men [MSM], people who inject drugs [PWID], MSM who 

inject drugs [MWID] and heterosexuals [HET]), race/ethnicity (black/African American, 

Hispanic/Latinx and non-Hispanic white/others) and sexual risk behavior level (high- vs. 

low-risk). HIV transmission occurred through heterosexual contact, homosexual contact, and 

the sharing of injection equipment. We assumed assortative and proportional sexual 

partnership mixing by race/ethnicity and sexual risk behavior level, respectively [13–16]. 

City-specific sexual risk behaviors by race/ethnicity were derived from the US Centers for 

Disease Control and Prevention’s National Behavioral Health Survey (NHBS) [17, 18] for 

high-risk MSM and MWID and region-specific estimates by race/ethnicity from the 

National Survey of Family Growth were used for the other subgroups [19]. We also used city-

specific injection risk behavior evidence from NHBS and assumed proportional mixing 

among PWID (i.e., individuals who share many injections were more likely to select a 

partner who also shares many injections). Consistent with other dynamic transmission 

models, the rate of HIV transmission was dependent on the distribution of people living with 

HIV across states of care engagement and disease progression and was also impacted by 

receipt of ART [20–22], preexposure prophylaxis (PrEP)[23] and medication for opioid use 

disorder (MOUD)[24], access to syringe service programs (SSP)[25] and the decreased 

number of sexual partners following diagnosis[26].

We derived MSM population estimates by multiplying city-level male population estimates 

from census data by county- or CBSA-specific MSM proportions, and the size of the PWID 

population by multiplying race/ethnicity-stratified total population numbers by the most 

recent gender-weighted, race/ethnicity-specific prevalence estimates for each city [13, 27]. 

Given the uncertainty in population sizes for MWID, we derived population estimates by 

taking the average of the proportion of MSM that inject drugs and the proportion of male 

PWID that have sex with men[13, 16–18, 28]. Finally, based on the best available evidence, we 

assumed that 72.7% of PWID and MWID had an opioid use disorder[29].

The model also captured heterogeneity across risk and ethnic groups in maturation (e.g., 

rates at which individuals age out of the model) and mortality and the disparities in 

accessing health and prevention services, including HIV testing, ART, SSP, MOUD and 

targeted PrEP for high-risk MSM. Our evidence synthesis[13] and calibration process are 

documented elsewhere[16].

Model calibration and validation

For each city, we calibrated the model to match HIV prevalence, new diagnoses and deaths 

(2012–2015), stratified by sex, race/ethnicity, and HIV risk group (17 targets total), and 

validated against external incidence estimates[16]. We projected HIV microepidemic 

trajectories accounting for official population growth and demographic shifts in each city 

over a 20-year time horizon (2020–2040) to serve as the basis of comparison for individual 

interventions[30]. In the projections, all health services were held at their 2015 levels except 

for PrEP which was held at 2017 levels to account for its recent rapid growth in uptake 

among MSM.
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Interventions Assessed

Evidence-based interventions were selected from the US Centers for Disease Control and 

Prevention ‘Compendium of Evidence-Based Interventions and Best Practices for HIV 

Prevention’[31] and from the recently published literature. We included interventions with 

established effectiveness data and promising scalability within four specific domains: HIV 

prevention programs (SSP, MOUD and PrEP); HIV testing; ART engagement (ART 

initiation and retention); and ART re-engagement (re-initiation). Finally, we ranked the 

quality of the evidence informing each intervention using the Oxford Centre for Evidence-

based Medicine – Levels of Evidence scale[32].

We used the Reach Effectiveness Adoption Implementation Maintenance framework[33] to 

define four components for the implementation of each intervention: (i) scale of delivery; (ii) 

population-level impact; (iii) period over which the intervention delivery is sustained; and 

(iv) costs of implementation, delivery and sustainment. Supplemental Table 1 http://

links.lww.com/QAD/B592 describes definitions and assumptions.

Scale

Scale refers to the proportion of a target population that is provided with an intervention. We 

defined the scale of delivery for each HIV prevention programs as the annual rate of 

expanded access, or additional scale-up, estimated using the best-available program-specific 

evidence. In contrast, the scale of delivery for HIV testing and care interventions was 

defined as the product of setting-specific reach and adoption for each intervention i, target 

population j and healthcare setting k,

Scaleij = Reacℎijk × Adoptionik .

where reach is defined as the participation rate in a given intervention, conditional on: (a) the 

probability an individual will access services in setting k and (b) the probability the 

individual will accept the intervention being delivered. Adoption is defined as the proportion 

of a healthcare setting that actually delivers the intervention. Consequently, a variety of 

combinations of reach and adoption can result in a given scale of delivery. We focused our 

attention on identifying the best publicly-available data to inform the scale of delivery range 

for each intervention i, in target population j, and healthcare setting k.

Population Impact

The population-level impact of HIV prevention programs enters the model by reducing the 

probability of HIV transmission. Specifically, MOUD and SSP reduce the number of risky 

injections with shared equipment and targeted PrEP among high-risk MSM reduces the 

probability of HIV acquisition via both sexual contact and the sharing of injection 

equipment[16].

In contrast, each HIV testing and care intervention affects model parameters dictating 

transitions between health states (compartments). The population-level impact is defined as 

the product of the scale of delivery and the effectiveness of the intervention,
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Population‐level Impacti = Scaleij × Effectivenessi .

We assumed the impact for all interventions to be additive to existing service levels for each 

city[30].

Implementation and Sustainment

We defined the implementation period as an 18-month linear scale-up from status quo 

service levels up to the scale of delivery defined for each intervention. Further, we assumed 

proportional scale-up across risk and ethnic groups, implying higher scale of delivery 

following implementation for groups receiving greater service levels at baseline, thus 

accounting for underlying structural barriers to healthcare access. The population impact of 

an intervention was then held constant throughout the sustainment period, reaching 10 years 

to match the goals of the “End the HIV Epidemic” initiative[1].

Intervention Costs

The costs attributable to each intervention included costs of implementation, delivery and 

sustainment. If applicable, implementation and sustainment costs accrued during the first 18 

months and the following period up to 10 years, respectively, and delivery costs accrued 

throughout the 10-year delivery period. We derived cost components using assumptions 

about personnel caseloads and patient volumes specific to each healthcare setting.

The costs attributable to implementation were specific to the setting in which the 

intervention was delivered, as were sustainment costs. The costs of delivery were specific to 

each intervention as were direct material costs, if applicable. Lastly, we assumed that costs 

of implementation and sustainment were constant across different scales of delivery and we 

assumed no public health intervention costs for the status quo.

Evidence Verification

We validated the selection of evidence informing interventions and implementation 

modeling via a two-part survey delivered to a scientific advisory committee comprised of 

local content experts from each city. Committee members were asked to (i) rate their 

confidence in the proposed interventions; (ii) identify additional interventions being 

considered by public health departments; (iii) rate their confidence in the evidence sources 

used to derive the scale of delivery, and (iv) identify additional sources to estimate the scale 

of delivery. Committee members were then asked to rate their confidence in the ranges for 

reach, adoption and scale used for the implementation of each intervention. Mean responses 

were synthesized and used to inform final scale of delivery ranges.

Detailed information on the sources, assumptions and calculations used to derive the reach, 

adoption and scale of delivery as well as the evidence verification process are provided in 

the supplemental material., http://links.lww.com/QAD/B592.
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Cost-effectiveness analysis

Model-projected outcomes included quality-adjusted life-years (QALYs), total costs (2018 

USD) and new HIV infections. We considered a 20-year time horizon (2020–2040) to 

capture the long-term individual benefits of ART and 2nd-order transmission effects. The 

analysis conformed to best practice guidelines on cost-effectiveness analyses and was 

conducted from the healthcare sector perspective[34]. Both costs and QALYs were reported 

using a 3% annual discount rate[35]. We estimated incremental cost-effectiveness ratios 

(ICERs) as the incremental cost per QALY gained for each individual intervention compared 

to the status quo scenario maintaining current service levels. Although no explicit threshold 

exists in the US[34], we defined cost-effective interventions as those with an ICER below 

$100,000/QALY. We indicated interventions as cost-saving in instances where projected 

costs were lower and effectiveness (measured as QALYs) was higher compared to the status 

quo.

We performed probabilistic sensitivity analysis to evaluate the extent of parameter 

uncertainty for each intervention. For each city, we used the 2,000 best-fitting calibrated 

parameter sets from 10,000 calibration runs, sampling all non-calibrated parameters 

simultaneously from distributions that were previously developed for each model 

parameter[13].

Results

We included three HIV prevention programs and 10 HIV testing, ART engagement and ART 

re-engagement interventions in our analysis (Table 1). Evidence for the majority of the 

interventions (n=7) was derived from high-quality randomized control trials. We synthesized 

evidence from 11 peer-reviewed publications, 12 public health and surveillance reports and 3 

publicly available data sets to estimate ranges for the scale of delivery for each intervention 

(Table 2, Fig. 1). We considered expanded access to MOUD for both buprenorphine and 

methadone, opt-out HIV testing in both primary care and in emergency departments and care 

coordination for increased ART retention among all individuals and targeted to individuals 

with CD4<200 cells per μL. As a result, our analysis included the implementation of 16 

interventions.

Among HIV prevention programs, we found expanding SSP above their current levels to 

prevent HIV transmission to be cost-saving in Miami and cost-effective in Atlanta and LA 

(Fig 2). Expanded access to MOUD was cost-effective across all cities, ranging from 

$20,173/QALY for MOUD with methadone in Miami to $40,916/QALY for office-based 

MOUD with buprenorphine in NYC. Expansion of targeted PrEP for high-risk MSM and 

MWID was found to be cost-saving in Miami and cost-effective in Atlanta, Baltimore and 

LA.

Expanding HIV testing interventions, including MOUD integrated rapid testing, was found 

to be cost-saving or cost-effective in every city. Total incremental cost savings for general 

population HIV testing interventions ranged from $1.2 million for opt-out testing in the 

emergency departments in Baltimore, to $235.6 million saved for electronic medical record 

testing reminders in LA over the 20-year study time horizon.
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Interventions designed to improve ART initiation provided greater value within each city, 

with few exceptions, compared to either ART engagement interventions to prevent drop-out 

or ART re-engagement interventions. Increasing both case management to improve ART 

initiation and RAPID ART resulted in ICERs below the $100,000/QALY threshold in all 

cities besides Atlanta; however, the ART initiation intervention provided the most value in 

Atlanta among ART engagement and re-engagement interventions ($106,509/QALY) as it 

did in LA ($55,495/QALY), Miami ($61,159/QALY) and NYC ($31,696/QALY). 

Comparatively, RAPID ART provided the most value in Baltimore ($23,926/QALY) and 

Seattle ($65,340/QALY). The scale-up of the ART retention intervention targeted to 

individuals with CD4<200 was cost-effective in Baltimore ($80,028/QALY), LA ($61,493/

QALY), Miami ($84,559/QALY) and NYC ($69,266/QALY), and the electronic medical 

record reminder for suboptimal ART engagement was cost-effective in LA ($70,473/QALY), 

Miami ($92,948/QALY), NYC ($86,785/QALY) and Seattle ($96,551/QALY). Finally, ART 

re-engagement interventions were cost-effective at a $100,000/QALY threshold in all cities 

but Atlanta.

We estimated that the maximum incidence reduction over 20 years compared to the status 

quo would result from enhancing general population HIV testing in all cities but Miami 

where expanded access to targeted PrEP for high-risk MSM and MWID would have the 

greatest impact on the epidemic (Fig. 3). Specifically, the electronic medical record testing 

reminder would reduce incidence the most in Atlanta (7.6%), LA (6.6%), NYC (7.8%) and 

Seattle (7.6%), and both nurse-initiated testing and targeted PrEP would reduce incidence 

equivalently in Baltimore (10.0%). Targeted PrEP would result in the greatest incidence 

reduction for Miami (10.1%), and relatively large reductions in Atlanta (6.0%), LA (3.4%), 

NYC (7.5%), and Seattle (5.3%). Expanding SSP and MOUD had relatively small 

population-level impacts on the percentage of averted infections across cities. Detailed 

results from the probabilistic sensitivity analysis can be found in Supplemental Table 8. 

http://links.lww.com/QAD/B592

Discussion

We determined the incremental cost-effectiveness of introducing or increasing the scale of 

delivery of a set of evidence-based HIV treatment and prevention interventions in six U.S. 

cities with diverse microepidemics. Increased HIV testing was found to be cost-saving or 

cost-effective across cities, despite extensive epidemiological and structural differences in 

their public health responses to HIV[5]. In contrast, the value provided by expanded access 

to HIV prevention programs or ART engagement and re-engagement interventions was 

dependent on local context, highlighting fundamental differences in access to care across 

settings[5]. As no single intervention was predicted to avert more than 10% of projected new 

HIV infections, our findings emphasize the need for targeted, locally-oriented combination 

implementation strategies to reach the ambitious goal of ending the HIV epidemic[1].

We reiterate that our analysis considered only increments in service provision – that is, 

additional scale-up beyond existing service levels. Our implementation scientific approach 

to estimating scale and implementation costs was, to our knowledge, a novel application, 

providing a more concrete assessment of the impact of these interventions within different 
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settings. Costeffectiveness analyses of nearly each of the individual interventions have been 

done before using a similar modeling approach, but typically at a national level (or in a 

single setting) without consideration of the effects of scale of delivery combined with 

heterogeneity in local structural and epidemiological context. While we only considered 

interventions directly affecting HIV-related outcomes, limited scale-up of delivery for some 

interventions reflect the realities of constraints in healthcare access. For instance, the 

disparity in access and quality of care for people living with HIV in Atlanta, located in a 

state that did not expand Medicaid under the Affordable Care Act, is reflected in the 

relatively lower value provided by expanding ART engagement and re-engagement 

interventions in this city. Our findings, consistent with prior evidence that found greater 

ART dropout for people living with HIV that are from the South[36], further underline the 

need for multifaceted public health strategies to overcome social and structural barriers to 

care.

While nationwide expansion of HIV testing in the United States has previously been found 

to be cost-effective (but not cost-saving)[11, 37–39], testing levels were typically based on 

national guidelines, without accounting for current service levels. Though precise figures are 

notably absent[13], our analysis accounted for estimated differences in testing rates across 

cities, demographic and HIV risk groups[16] over an extended time horizon, demonstrating 

greater value than some, but not all[40, 41] prior applications. Recommendations from the US 

CDC and the US Preventive Services Task Force currently recommend opt-out HIV testing 

for adults in all healthcare settings and annual screening for individuals at high risk of HIV 

infections[42, 43]. Large administrative claims database studies of Medicaid and 

commercially insured patients aged 13 to 64 found only 4.3% and 2.8%, respectively, had 

received at least one HIV test in 2012[44]. Furthermore, HIV tests were conducted in only 

0.4% of all emergency department visits in the United States in 2015[45]. Taken with our 

results suggesting the cost-effectiveness of HIV testing scale-up in all cities, this evidence 

indicates that interventions designed to increase HIV testing should be included in any 

combination implementation strategy.

The value provided by expanded access to SSP and targeted PrEP for high-risk MSM was 

found to be highly dependent on underlying service levels and the local epidemiological 

context. Syringe distribution expansion was cost-saving (Miami) or highly cost-effective 

(Atlanta, LA) when existing coverage was low but additional expansion of SSP services in 

well-resourced cities that have already experienced the substantial public health benefits of 

high SSP coverage (Baltimore, NYC, Seattle)[46] provided less value. Though expanding 

access to PrEP for high-risk MSM reduced incidence across all cities (from 3.4% in LA to 

10.1% in Miami), we estimated that targeted PrEP provided good value for money in cities 

with relatively lower coverage and higher rates of HIV incidence among high-risk MSM 

(Atlanta, Baltimore, LA, Miami) but provided less value in NYC and Seattle where coverage 

levels are relatively higher. These findings are consistent with research indicating decreasing 

marginal impact of increased coverage at high levels of PrEP uptake[47]. In contrast, given 

the reduced risk of mortality, expansion of MOUD to PWID with an opioid use disorder was 

found to be cost-effective across cities regardless of existing coverage levels, even though 

the population-level impact on HIV incidence was relatively low.
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Our analysis had several limitations. First, we imposed simplifying assumptions for risk 

behaviors associated with transmission of HIV rather than more complex network structures 

that may better approximate sexual and injection networks. Nevertheless, these assumptions 

were consistent with the availability of best-quality evidence and supported simulation of the 

focal HIV microepidemics with a high degree of precision[16]. Second, we made linear 

assumptions about the implementation and impact of each intervention and their costs. A 

different characterization of the returns to scale and the increasing or decreasing marginal 

cost of an intervention may influence results; however, the form of these functions is 

unknown and, to the best of our knowledge, there is no evidence available to inform 

them[48]. Third, we did not consider all possible interventions for all individuals at risk of 

HIV. Emerging evidence in HIV treatment and care delivery, which may comprise 

interventions for vulnerable populations, longer-acting ART and PrEP formulations or 

efficient delivery of self-testing for HIV, present opportunities for future expansion. 

Furthermore, real-world implementation data to inform reach, adoption and scale for 

individual interventions are limited[4] and we did not explicitly consider interventions that 

could improve the various implementation steps for each intervention. Fourth, results of 

expanded access to HIV prevention programs were highly dependent on local context and 

underestimation of existing service levels could influence our findings; however, service 

levels were derived using the best publicly available data[13] and we assessed the robustness 

of our results with probabilistic sensitivity analysis. Lastly, we only considered HIV 

prevention benefits associated with access to MOUD and SSP. Because of the reduction in 

the risk of transmission of HCV associated with MOUD and SSP, expansion of these 

programs could deliver greater overall health benefits at lower incremental costs than our 

results indicate.

This study demonstrates that combination implementation strategies for HIV should be 

tailored to local epidemiological contexts in order to provide the most value; however, 

complementary public health strategies addressing factors hindering access to HIV care will 

be needed to maximize the impact of these strategies and meet the newly-established targets 

for HIV elimination in the United States.

Supplementary Material
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Fig. 1. Previously-documented rate of annual expanded access for HIV prevention programs and 
previously-documented scale of delivery for HIV testing and care interventions.
* Targeted PrEP for high-risk men who have sex with men (MSM) and high-risk MSM who 

inject drugs (MWID).

ART: Antiretroviral therapy; SSP: Syringe service program; PrEP: pre-exposure 

prophylaxis; MOUD: Medication for opioid use disorder; BUP: Buprenorphine; ER: 

Emergency Department; PC: Primary care; EMR: Electronic medical records.

Levels of evidence adapted from Oxford Centre for Evidence-based Medicine – Levels of: 

1a - Systematic review of RCTs; 1b - Individual high-quality RCT; 2a - Systematic review of 

cohort studies; 2b - Individual cohort study or quasi-experimental study; 3a - Systematic 

review of case-control studies; 3b - Individual case-control study; 4 - Case series; 5-Expert 

opinion.
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Fig. 2. Incremental costs, QALYs and incremental cost-effectiveness ratios (ICER) resulting from 
previously-documented expanded access to HIV prevention programs and HIV testing and care 
interventions implemented at previously- documented scale of delivery in six U.S. cities.
Results presented are for the 2020–2040 study period with expanded access to HIV 

prevention programs and implementation of HIV testing and care interventions sustained 

over a 10-year period (mean of the 2,000 run conducted in the probabilistic sensitivity 

analysis; 95% credible intervals are presented in Supplemental Table 8 http://

links.lww.com/QAD/B592). The vertical gridline in the 3rd row indicates the $100,000/

QALY threshold for interventions to be considered cost-effective. CS: Cost-saving; QALYs: 

quality-adjusted life-years; ART: Antiretroviral therapy; SSP: Syringe service program; 

PrEP: pre-exposure prophylaxis; MOUD: Medication for opioid use disorder; BUP: 

Buprenorphine; ER: Emergency Department; PC: Primary care; EMR: Electronic medical 

records; ART initiation: Case management intervention to increase ART initiation; ART 

retention: Care coordination to increase ART retention; EMR alert: EMR alert of suboptimal 

ART engagement.
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* Targeted PrEP for high-risk men who have sex with men (MSM) and high-risk MSM who 

inject drugs (MWID).
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Fig. 3. Percentage of total averted infections resulting from previously-documented expanded 
access to HIV prevention programs and HIV testing and care interventions implemented at 
previously-documented scale of delivery in six U.S. cities.
Results presented are for the 2020–2040 study period with expanded access to HIV 

prevention programs and implementation of HIV testing and care interventions sustained 

over a 10-year period (mean of the 2,000 run conducted in the probabilistic sensitivity 

analysis; 95% credible intervals are presented in the Supplemental Table 8, http://

links.lww.com/QAD/B592). QALYs: quality-adjusted life-years; ART: Antiretroviral 

therapy; SSP: Syringe service program; PrEP: pre-exposure prophylaxis; MOUD: 

Medication for opioid use disorder; BUP: Buprenorphine; ER: Emergency Department; PC: 

Primary care; EMR: Electronic medical records; ART initiation: Case management 

intervention to increase ART initiation; ART retention: Care coordination to increase ART 

retention; EMR alert: EMR alert of suboptimal ART engagement.

* Targeted PrEP for high-risk men who have sex with men (MSM) and high-risk MSM who 

inject drugs (MWID).
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