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Abstract

IMPORTANCE New York City, an early epicenter of the pandemic, invested heavily in its COVID-19
vaccination campaign to mitigate the burden of disease outbreaks. Understanding the return on
investment (ROI) of this campaign would provide insights into vaccination programs to curb future
COVID-19 outbreaks.

OBJECTIVE To estimate the ROI of the New York City COVID-19 vaccination campaign by estimating
the tangible direct and indirect costs from a societal perspective.

DESIGN, SETTING, AND PARTICIPANTS This decision analytical model of disease transmission was
calibrated to confirmed and probable cases of COVID-19 in New York City between December 14,
2020, and January 31, 2022. This simulation model was validated with observed patterns of reported
hospitalizations and deaths during the same period.

EXPOSURES An agent-based counterfactual scenario without vaccination was simulated using the
calibrated model.

MAIN OUTCOMES AND MEASURES Costs of health care and deaths were estimated in the actual
pandemic trajectory with vaccination and in the counterfactual scenario without vaccination. The
savings achieved by vaccination, which were associated with fewer outpatient visits, emergency
department visits, emergency medical services, hospitalizations, and intensive care unit admissions,
were also estimated. The value of a statistical life (VSL) lost due to COVID-19 death and the
productivity loss from illness were accounted for in calculating the ROI.

RESULTS During the study period, the vaccination campaign averted an estimated $27.96 (95%
credible interval [CrI], $26.19-$29.84) billion in health care expenditures and 315 724 (95% CrI,
292 143-340 420) potential years of life lost, averting VSL loss of $26.27 (95% CrI, $24.39-$28.21)
billion. The estimated net savings attributable to vaccination were $51.77 (95% CrI, $48.50-$55.85)
billion. Every $1 invested in vaccination yielded estimated savings of $10.19 (95% CrI, $9.39-$10.87)
in direct and indirect costs of health outcomes that would have been incurred without vaccination.

CONCLUSIONS AND RELEVANCE Results of this modeling study showed an association of the New
York City COVID-19 vaccination campaign with reduction in severe outcomes and avoidance of
substantial economic losses. This significant ROI supports continued investment in improving
vaccine uptake during the ongoing pandemic.
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Key Points
Question Did the economic savings

accrued from reductions in COVID-19

cases, hospitalizations, and deaths

outweigh the investment in the

COVID-19 vaccination program in New

York City?

Findings In this decision analytical

model study of a citywide initiative,

every $1 invested in the New York City

vaccination campaign yielded an

estimated $10.19 in cost savings from

lower infection and mortality rates,

fewer productivity losses, and averted

health care use.

Meaning Findings of this study suggest

that COVID-19 vaccination in New York

City was associated with reduction in

severe outcomes and avoidance of

substantial economic losses.
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Introduction

The emergence of SARS-CoV-2 spurred unprecedented global efforts toward the development of
vaccines to contain the COVID-19 pandemic. In the first year of the pandemic, 2 highly effective
messenger RNA (mRNA) vaccines (mRNA-1273 [Moderna Spikevax] and BNT162b2 [Pfizer/BioNTech
Comirnaty]) and 1 adenovirus-based vaccine (Ad26.COV2.S [Janssen]) were developed and received
emergency use authorization in the US. New York City, an early epicenter of the global spread of
COVID-19 and the largest metropolitan area in the US, launched its mass vaccination campaign on
December 14, 2020. By January 31, 2022, 84.9% of New York City residents had received at least 1
dose of the authorized vaccines.1

Vaccination has been associated with reduced burden of COVID-19,2-6 in particular prevention
of severe illness and death.7-9 In addition to its role in direct protection of vaccinated individuals
against SARS-CoV-2 infection and severe outcomes, vaccination is associated with the societal
benefits of preventing productivity losses, reducing the need for social-distancing measures, and
providing indirect protection to unvaccinated individuals through herd immunity. A previous study
estimated that the NYC Vaccine for All Campaign reduced disease burden substantially.2 This public
health success required considerable financial investment to acquire and deliver vaccines, promote
vaccination to the public, and address vaccine hesitancy in many communities. Understanding the
return on this investment would provide important insights into vaccination programs to quell future
COVID-19 outbreaks.

In this decision analytical model study, we aimed to estimate the return on investment (ROI) of
the New York City COVID-19 vaccination campaign by estimating the tangible direct and indirect
costs from a societal perspective. To conduct this analysis, we compared costs and outcomes of the
actual pandemic trajectory with vaccination in New York City with those of a counterfactual scenario
without vaccination whose outcomes were derived from an agent-based simulation model of
COVID-19 transmission dynamics; this model was calibrated to data for the burden of disease in New
York City.

Methods

Because data were not collected specifically for this decision analytical model study and no
identifiable personal data were used, specific ethical approval and informed consent were not
required in accordance with York University research ethics guidelines for program evaluation
activities relying on secondary use of anonymous data. We followed the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) reporting guideline.10

Study Design and Simulation Modeling Framework
To estimate the ROI for the New York City COVID-19 vaccination campaign from December 14, 2020,
to January 31, 2022, we integrated into the study design both direct and indirect costs associated
with vaccination and health outcomes. All costs were calculated and reported in 2021 US dollars.

Direct costs of vaccination, as part of the initial value of investment (IVI), were provided by the
New York City Department of Health and Mental Hygiene (DOHMH). For direct health outcomes, we
identified the costs of outpatient visits, emergency department (ED) visits, emergency medical
services (EMS) calls, hospitalizations, and intensive care unit (ICU) admissions as well as the value of
a statistical life (VSL) lost due to death from COVID-19. Indirect health outcomes included workdays
and production losses due to sickness and adverse reactions to vaccination. We also accounted for
the indirect costs associated with COVID-19 deaths by calculating potential years of life lost (PYLL)
using the VSL, a measure of individuals’ willingness to pay for mortality risk reductions.

To calculate the total costs for the final value of investment (FVI) associated with health
outcomes in the actual pandemic trajectory with vaccination and counterfactual scenario without
vaccination, we calibrated an agent-based simulation model to probable and confirmed cases of
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COVID-19 in New York City while accounting for disease characteristics and timelines of different
SARS-CoV-2 variants identified in New York City, including Iota (B.1.526), Alpha (B.1.1.7), Gamma (P.1),
Delta (B.1.617.2), and Omicron (B.1.1.529), in addition to Wuhan-Hu-I, the original pandemic strain
(eMethods, eTables 1-5, and eFigures 1 and 2 in the Supplement).

Investment in the Vaccination Campaign
We estimated direct government investment in the vaccination campaign using data provided by the
DOHMH (Table 1).11-15 These data included the state and federal funding that came through the
DOHMH. Direct costs included the purchase value of vaccine doses over the study period and costs
of the vaccination clinic setup; advertisement and outreach; and vaccine transportation, storage, and
administration. In calculating unit vaccine costs, we accounted for a 0.25% wastage rate provided by
the DOHMH.

Indirect costs of vaccination included workdays lost for visiting vaccination clinics and loss of
productivity due to adverse reactions to vaccines.15 We used published estimates for the prevalence
of adverse outcomes after vaccination.16,17 Costs related to workdays lost were estimated using the
percentage of vaccinated adults who were employed and per capita personal income of $74 472
for 2020.18

Costs of COVID-19 Health Outcomes
We used estimates of COVID-19 symptomatic infections and hospitalizations from the projections of
the agent-based simulation model to calculate direct costs (ie, treatment and transportation costs)
and indirect costs (workdays lost) associated with illness and hospitalizations (Table 2).19-29 Costs of
health outcomes were stratified into outpatient visits for symptomatic infection, hospitalizations,

Table 1. Direct and Indirect Costs of the New York City Vaccination Campaign, With Estimates of Adverse
Reactions in Vaccine Recipients

Investment toward vaccination Estimate Source
Direct cost, $a

Advertisement and outreach 243 390 758.20

New York City
DOHMH

Vaccination clinic setup 4 344 813.00

Vaccine storage and transportation 7 205 179.89

Vaccine administration 1 872 058 070.42

CIR DOITT–developed applications 9 500 000.00

Mobile and homebound vaccinations 21 400 000.00

Vaccine doses 282 663 374.80

Vaccine wastage

Overall % 0.25 New York City
DOHMH

Indirect cost, %

% Of vaccinated employed adultsb 71.8 US Census
Bureau11, 2022

Workdays lost due to visiting vaccination clinic 0.5 Bologna et al12,
2021

% Of Spikevax (Moderna) recipients with adverse reactions

After the first dose 51.7 Chapin-Bardales
et al13, 2021After the second dose 74.8

% Of Comirnaty (Pfizer/BioNTech) recipients with adverse reactions

After the first dose 48.0 Chapin-Bardales
et al13, 2021After the second dose 64.2

% Of Ad26.COV2.S vaccine (Janssen) recipients with adverse
reactions

76.0 Shay et al14,
2021

Workdays lost due to adverse reactions

Levi et al15, 2021After the first dose 1.7

After the second dose 1.4

Abbreviations: CIR, Citywide Immunization Registry;
DOHMH, Department of Health and Mental Hygiene;
DOITT, Department of Information Technology and
Telecommunications.
a Costs are in 2021 US dollars.
b In the New York City metropolitan area.
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and/or intensive care for severe illness, EMS calls, and ED visits. Costs of testing for SARS-CoV-2
infection for individuals who were hospitalized and those who received ED care were included in
estimates of the total costs per patient. Transportation costs were estimated by multiplying the mean
cost per round trip to a health care facility by the number of care-seeking cases and the number
of visits.

Nonhospitalized symptomatic cases among working adults were assumed to have a 10-day
isolation period after the onset of symptoms,24 which was included in the calculation of workdays
lost. For hospitalized COVID-19 cases, we calculated workdays lost by taking into account the
duration of hospital stay with or without ICU admission, which was derived from the simulation
model projections using published estimates.25-27

Costs Associated With Potential Years of Life Lost
We used the VSL to calculate the costs of PYLL attributed to COVID-19 deaths. The PYLL for each
COVID-19 death was calculated using the life expectancy table. The mean VSL for the US population
is estimated to vary between $5.3 million and $17.3 million,30-33 with the value of a statistical life-year
(VSLY) having a large range depending on the mean life expectancy for an adult.31,32,34 The VSLY
represents society's willingness to pay for 1 year of life. We considered the conservative value of
$100 000 to be within the range of conventional benchmarks per quality-adjusted life-year in the US,
with an annual discount rate (r) of 3% that is consistent with guidelines developed for the US.35,36

Using the age stratification of COVID-19 deaths obtained from the DOHMH,37 we calculated the total
discounted VSL loss38 as follows: VSL loss = VSLY/r − [1/(1 + r)PYLL] (VSLY/r).

Return on Investment Analysis
We estimated the ROI as follows: ROI = [(FVI − IVI)/IVI] × 100%. The IVI included direct and indirect
costs of the vaccination campaign in New York City (Table 1). The FVI was calculated using the
difference between total (direct and indirect) costs of health outcomes in the actual pandemic

Table 2. Direct and Indirect Costs and Units Associated With Health Outcomes of COVID-19 Illness

Outcomes of COVID-19 illness Estimate Source
Direct cost, $

Outpatient treatment per visit 1020.10 FAIR Health19a

Round trip to health care facility for outpatient treatment 44.49 Kuhmerker
et al20, 2010

Hospitalization (mean per patient)

Without ICU 39 499.18 FAIR Health19a

With ICU 113 249.31 FAIR Health19a

ED care (mean per visit) 3305.01 Castlight
Health21

EMS transportation 900.00 Campanile22,
2020

Direct cost

Mean No. of outpatient visits per symptomatic nonhospitalized case 0.5 Author
assumption

No. of ED visits for nonhospitalized severe cases 1.0 Author
assumption

No. of EMS calls vs No. of hospitalized patients 2.5 Xie et al23, 2021

Indirect cost, d

Workdays lost for symptomatic nonhospitalized cases 10.0 NYC Health24

Symptomatic days before hospitalization 3.5

Iuliano et al25,
2022;
Christensen
et al26, 2022;
Nguyen et al27,
2021

Median duration of hospital stay

Without ICU for patients with SARS-CoV-2 non-Omicron variant infection 6.0

With ICU for patients with SARS-CoV-2 non-Omicron variant infection 15.0

Without ICU for patients with SARS-CoV-2 Omicron variant infection 3.0

With ICU for patients with SARS-CoV-2 Omicron variant infection 7.0

Abbreviations: ED, emergency department; EMS,
emergency medical services; ICU, intensive care unit.
a Cost estimates were adjusted due to the 8.3% higher

health care costs in New York City than in New
York state.28,29
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trajectory and those of the counterfactual scenario without vaccination (Table 2). In the
counterfactual scenario, we excluded from the simulation model the effectiveness of vaccines
against infection, symptomatic infection, and severe disease, and we removed the government and
societal investment toward the vaccination campaign.

Statistical Analysis
The agent-based simulation model was calibrated with 500 independent Monte Carlo realizations
and simulated the counterfactual scenario without vaccination (eMethods in the Supplement). For
each independent Monte Carlo realization, we calculated the PYLL and VSL lost from the simulated
health outcomes and derived the 95% credible intervals (CrIs) for the ROI estimates using a bias-
corrected and accelerated bootstrap method with 500 replications. The computational model was
implemented in Julia language. The statistical analysis of ROI was conducted in R, version 4.1.3 (R
Foundation for Statistical Computing). For hypothesis testing, 2-sided P = .05 was considered to be
significant.

Results

The estimated direct costs of total investment in the vaccination campaign were $2.44 billion
between December 14, 2020, and January 31, 2022 (Table 1). Indirect costs of vaccination (Tables 1
and 2), including loss of workdays due to visiting vaccination clinics and adverse reactions to
vaccines, were estimated to be $2.39 billion.

The direct costs of COVID-19 health outcomes (ie, hospitalizations, outpatient treatments, ED
care, and EMS calls) were estimated at $7.45 (95% CrI, $7.15-$7.79) billion with vaccination and
$33.04 (95% CrI, $31.43-$34.79) billion without vaccination during the study period (Figure 1A).
Indirect costs associated with loss of workdays due to disease outcomes (ie, days of isolation for
symptomatic cases and/or hospitalization) were $1.87 (95% CrI, $1.79-$1.99) billion with vaccination
and $4.22 (95% CrI, $4.03-$4.41) billion without vaccination. Overall, vaccination was estimated to
have averted $27.96 (95% CrI, $26.19-$29.84) billion of additional direct and indirect health care
costs that would have incurred without vaccination.

We estimated that the pandemic resulted in 92 280 (95% CrI, 86 806-97 083) PYLL in New
York City during the study period (eFigure 3 in the Supplement), with a total VSL loss of $7.70 (95%
CrI, $7.30-$8.11) billion (Figure 1B). The mean PYLL was 6.06 (95% CrI, 4.39-9.59) per person.
Without vaccination, the total PYLL would have been significantly higher (408 707 [95% CrI,
388 407-430 039]; P < .001 [based on the Kruskal-Wallis test by ranks]) (eFigure 3 in the

Figure 1. Estimated Total Direct Health Care Costs and Value of a Statistical Life Lost Associated With COVID-19
in New York City in Scenarios With and Without Vaccination
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Supplement), leading to a substantially larger VSL loss of $33.93 (95% CrI, $32.16-$35.75) billion
(Figure 1B). A total of 315 724 (95% CrI, 292 143-340 420) PYLL was averted by vaccination. Thus,
the vaccination campaign yielded net VSL savings of $26.27 (95% CrI, $24.39-$28.21) billion, which
was equivalent to savings of $0.55 (95% CrI, $0.51-$0.59) million per averted death. The largest
PYLL averted was among individuals 50 years or older (eFigure 3 in the Supplement).

From a societal perspective, the ROI was estimated at 1019% (95% CrI, 939%-1087%), yielding
equivalent savings of $10.19 (95% CrI, $9.39-$10.87) in costs of health outcomes for every $1 spent
toward both direct and indirect costs of vaccination in New York City (Figure 2). The net savings
achieved by the vaccination campaign amounted to $51.77 (95% CrI, $48.50-$55.85) billion.

We also conducted the ROI analysis by excluding the VSL. From a societal perspective, the ROI
without VSL was estimated at 427% (95% CrI, 391%-469%), which was equivalent to savings of
$4.27 (95% CrI, $3.91-$4.69) in direct and indirect health care costs for every $1 spent toward
vaccination in New York City.

Discussion

To our knowledge, this study was the first ROI analysis of the COVID-19 vaccination campaign in New
York City. We estimated the direct and indirect costs as well as the benefits of this vaccination
campaign in terms of averted health care costs and VSL from December 14, 2020, to January 31,
2022. The results suggest that the investment in vaccination has had a substantial ROI from a societal
perspective.

The findings should be interpreted in the context of a population study. Promoting vaccine
uptake was the core strategy of the DOHMH to address SARS CoV-2 transmission, preserve hospital
capacity, and mitigate the disease burden while resuming economic, educational, and social
activities. The scale of investment in COVID-19 vaccination was associated with a comparatively more
rapid pace of vaccine delivery for primary series in New York City, with 64% of the mRNA vaccines
administered being from Pfizer/BioNTech, according to DOHMH data. Given the large savings in
direct and indirect health care costs associated with vaccination and the comparable estimates of
effectiveness for the Comirnaty and Spikevax vaccines, we do not expect the price difference
between the 2 vaccines or their proportion in the New York City vaccination campaign to significantly
alter the ROI estimates. However, the pace of vaccine distribution and vaccination coverage, which
varies across different population settings, remains an important factor in the ROI analysis.

Limitations
This study has several limitations. First, the ROI analysis did not capture all costs of the vaccination
campaign, including those incurred by pharmacies and other city agencies beyond the DOHMH.
Second, in estimating the health care costs under the counterfactual scenario without vaccination,

Figure 2. Return on Investment by Costs of Health Outcomes Averted for Every $1 Invested in New York City
Vaccination From a Societal Perspective

Costs averted per US $1 spent
11.59.0 9.5 10.0 10.5 11.0

LB 95% CrI
9.39

Mean
10.19

UB 95% CrI
10.87

The shading represents the density of data
distribution, and the error bar represents the range of
data. The box represents the IQR, and the black line in
the box is the median of the data. Blue lines indicate
the location of the lower bound (LB), mean, and upper
bound (UB) of the 95% credible interval (Crl),
diamonds represent the LB and UB of the 95% CI, and
circles represent the spread of the data points.
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we did not account for the costs that would have been incurred for implementing nonpharmaceutical
interventions, such as potential lockdowns, business closure or reduced capacity, and school
closures. Some of the additional costs of such interventions may be offset by alleviating health
outcomes, which were associated with reduced disease burden. We also did not take into account
the association between vaccination and the economic burden from displacement of treatment and
delivery of regular health services. We could not ascertain the proportion of symptomatic
outpatients who were tested for SARS-CoV-2 infection, and thus we did not include the associated
costs in the ROI analysis. Without vaccination, this proportion could have been substantially higher,
leading to additional direct costs.

Third, we assumed that there was no limit to health care capacity (eg, hospital and ICU beds),
and thus there were no constraints for health care spending, in the counterfactual scenario without
vaccination. Without vaccination, the health care system could have been overwhelmed with
individuals with COVID-19, potentially triggering triage policies for delivery of care with increased
burden of disease and VSL losses. Fourth, we did not account for certain current and future benefits
of vaccination, including averting long COVID, resuming operation of businesses, holding in-person
learning at schools, and providing essential services.

Most of these limitations, except our inability to capture all costs of the vaccination campaign,
likely underestimated the ROI. Therefore, the results may be conservative regarding the benefits of
the vaccination program in the city.

Conclusions

In this decision analytical model study, the New York City COVID-19 vaccination campaign was found
to be associated with not only reduction in severe outcomes but also avoidance of substantial
economic losses from high costs of health care and value of lives lost. This considerable ROI provides
compelling evidence for the continued investment in improving vaccine uptake during the ongoing
COVID-19 pandemic.
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