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Abstract

COVID-19 vaccination campaigns continue in the United States, with the expectation that 

vaccines will slow transmission of the virus, save lives, and enable a return to normal life in due 

course. However, the extent to which faster vaccine administration has affected COVID-19-related 

deaths is unknown. We assessed the association between US state-level vaccination rates and 

COVID-19 deaths during the first five months of vaccine availability. We estimated that by May 

9, 2021, the US vaccination campaign was associated with a reduction of 139,393 COVID-19 

deaths. The association varied in different states. In New York, for example, vaccinations led to 

an estimated 11.7 fewer COVID-19 deaths per 10,000, whereas Hawaii observed the smallest 

reduction, with an estimated 1.1 fewer deaths per 10,000. Overall, our analysis suggests that the 

early COVID-19 vaccination campaign was associated with reductions in COVID-19 deaths. As of 

May 9, 2021, reductions in COVID-19 deaths associated with vaccines had translated to value of 

statistical life benefit ranging between $625 billion and $1.4 trillion.

The development, approval, and distribution of COVID-19 vaccines have been a welcome 

relief in a pandemic that has generated enormous suffering throughout the world. Eighteen 

months into the pandemic, as of July 18, 2021, more than 4 million people had died from 
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COVID-19 worldwide, including more than 600,000 people in the US alone.1 The total 

death toll from the pandemic may be even higher when additional non-COVID-19 deaths 

induced by the pandemic are included.2–4 In addition to the death toll, the pandemic has 

inflicted enormous social and economic costs and created disparate impacts across racial 

and ethnic subpopulations.5–13 Unemployment rates worldwide spiked in the early spring 

and have only partially recovered.14 Governments have implemented restrictive policies 

designed to mitigate transmission, including school and business closures, stay-at-home 

mandates, restrictions on gathering and travel, and mask mandates.15 And even in the 

absence of government mandates, people have taken private but less coordinated measures to 

protect themselves and reduce transmission.16

Just twelve months since the discovery of the novel pathogen SARS-CoV-2, the first 

COVID-19 vaccine (Pfizer-BioNTech) was approved for use in the US by the Food and Drug 

Administration, under an emergency use authorization issued on December 11, 2020.17 

Vaccines manufactured by Moderna and Johnson & Johnson were approved for emergency 

use in the US on December 18, 2020, and February 27, 2021, respectively.18,19 These 

vaccines had high efficacy estimated during their clinical trials.20–22 Early evidence shows 

that the Pfizer-BioNTech vaccine has some efficacy against the B.1.1.7 (Alpha) and B.1.351 

(Beta) virus variants,23 and COVID-19 vaccines are effective against the B.1.617.2 (Delta) 

virus variant.24 Additional vaccines based on similar technology are under review in the US, 

and some have been approved in other countries.25

The existence of multiple COVID-19 vaccines offers hope that the ongoing vaccination 

campaign will slow COVID-19 transmission, save lives, and enable a return to normal 

activities. In the US access to vaccines varied substantially across states and subpopulations 

during the early stages of the vaccine campaign.26–28 As of July 18, 2021, about 49 percent 

of the US population was fully vaccinated and 56 percent had completed at least one dose.29 

Some states, such as Alabama and Mississippi, had fully vaccinated less than 34 percent of 

their populations. In contrast, Vermont had fully vaccinated 67 percent of its population.29

In this study we examined the extent to which variation in the intensity of state vaccination 

campaigns was associated with changes in the number of COVID-19 deaths. Specifically, 

we used regressionmodels with state and week fixed effects to estimate the number of 

COVID-19 deaths averted by vaccine distribution. By providing insight into the initial 

impact of the COVID-19 vaccination campaign, these estimates can inform public health, 

clinical, and policy responses going forward.

Study Data And Methods

STATE-LEVEL VACCINE DATA

Data on state vaccine doses administered came from the Bloomberg Covid-19 Vaccine 

Tracker,30 which collects data from government websites as well as official statements 

and interviews. The data used in this study were collected May 10, 2021, and are further 

described in the online appendix.31 We constructed measures of the cumulative number of 

doses administered in each state by the end of each week, from December 21, 2020 (the first 

date of Bloomberg data collection), to May 9, 2021.We used 2018 state population counts 
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from the Surveillance, Epidemiology, and End Results (SEER) Program data32 to calculate 

the number of doses per 100 population ages sixteen and older (henceforth referred to as 

the adult population) administered each week. The Bloomberg database is a rich source of 

information on the administration of COVID-19 vaccines at the state-by-time level, but it 

has some limitations. For example, the data set does not include the age, race/ethnicity, or 

occupation of the person receiving the vaccine, nor does it separate the number of vaccines 

by location (for example, at nursing homes versus pharmacies). We were also unable to 

differentiate whether the vaccine was used as the first or second dose in the regimen.

COVID-19 DEATH DATA

We obtained daily data on COVID-19 deaths for each state from the New York Times 
database.33 We used the daily data to compute cumulative deaths per week during the 

study period. Using 2018 state population counts from the SEER data, we calculated the 

cumulative number of deaths per 100 adults in each state in each week. Data on COVID-19 

deaths depend on medical investigation and likely are an undercount.

STATISTICAL METHODS

The aim of our study was to measure the association between time-varying state-level 

vaccine administration and measures of COVID-19 deaths. Our empirical analysis spanned 

the period December 21, 2020–May 9, 2021. For each state and week we calculated the 

cumulative number of vaccine doses per 100 adults that the state had ever administered 

as of the end of that week. We also calculated the speed with which each of the states 

administered 5, 10, 20, 40, 80, and 120 vaccine doses per 100 adults. We used a regression-

based approach to measure the association between vaccination rates and changes in 

COVID-19 deaths. Our regression models included fixed effects controls for state, which 

accounted for underlying differences that exist across states even before vaccinations, and 

fixed effects controls for week, which accounted flexibly for nationwide trends during our 

study period. Thus, our multivariate regression models measured the association between 

within-state changes in the intensity of the vaccination campaign and within-state changes in 

COVID-19 deaths, after adjusting for systematic differences across states and allowing for 

flexible nationwide time trends.

Given the natural history of SARS-CoV-2,34,35 we expected that initial vaccinations would 

affect the number of deaths in a state with a lag, in the sense that current COVID-19 deaths 

may reflect vaccines administered in earlier weeks. Accordingly, we used a distributed lag 

model specification to estimate the effects of a state’s vaccination rollout on COVD-19 

deaths. In our main specifications we regressed cumulative COVID-19 deaths per 100 adults 

on state fixed effects, week fixed effects, current-week cumulative vaccinations per 100 

adults, and four weeks of lagged cumulative vaccinations per 100 adults. Because the spread 

of the virus that generates COVID-19 deaths is nonlinear, we used a quasi-Poisson model 

and estimated standard errors that allowed for heteroskedasticity and clustering at the state 

level. We used the coefficients on the current and lagged vaccination rates to estimate the 

number of vaccine-averted deaths up until May 9, 2021, in each state and in the country 

overall.
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A full description of our regression models is in the appendix.31 Analysis was performed in 

Stata 16.1. This study was deemed Non–Human Subjects research by the Indiana University 

Institutional Review Board.

SENSITIVITY ANALYSES

We assessed the sensitivity of our results to alternative approaches in several ways. Full 

details on these models are in the appendix.31

LIMITATIONS

Our study was not without limitations. First, our use of state-level data may have masked 

important differences across subpopulations and geographic areas within states.27 We 

also did not consider the effectiveness of individual vaccines but, rather, population-level 

associations. At the early stage in the rollout spanned by our data, it was challenging 

to robustly dissect what share of the estimated reduction in COVID-19 deaths was a 

result of the proportion of the population that was vaccinated or had antibodies and what 

share was a result of lower population-level risk for COVID-19 transmission. Nor were 

we able to separately identify the roles of vaccination, natural immunity, and changes in 

mobility in determining the overall number of COVID-19 deaths. We also used confirmed 

COVID-19 deaths, acknowledging that asymptomatic infections are rarely detected, and thus 

our estimated associations may be conservative. In addition, we did not examine whether 

individual states’ decisions on priority populations affected the number of averted deaths. 

Finally, we also did not examine whether vaccines received were the first or second dose of 

the regimen.

Study Results

SPEED OF VACCINE ROLLOUT ACROSS STATES

To summarize variation in the speed of the early vaccination campaigns across states, exhibit 

1 shows the amount of time each state took to reach a series of milestones—5 doses per 100 

adults, 10 doses per 100 adults, and so on, through 120 doses per 100 adults. The first state 

to reach 10 doses per 100 adults was West Virginia, achieving that goal on January 16, 2021, 

and the last state was Idaho, on February 4, 2021. However, states’ positions in vaccination 

progress varied over time. Alaska was the first to reach 20 doses per 100 adults, on January 

29, 2021, and Alabama was the last, on February 21, 2021. On May 6, 2021, California 

was the first state to reach 120 doses per 100 adults—but many states have still not reached 

that milestone. The median number of days between the milestones of 10 and 20 doses per 

100 adults was 19 days (95% confidence interval: 18, 19), and the median number of days 

between 20 and 40 doses per 100 adults was 24 days (95% CI: 24, 24).

ASSOCIATION BETWEEN VACCINE ADMINISTRATION AND DEATHS

Appendix exhibit 1 presents a snapshot of the cross-sectional association between the 

severity of the epidemic and the scale of the early COVID-19 vaccinations across states.31 

The vertical axis measures the number of COVID-19 cases (panel a) and deaths (panel b) 

per 100 adults in the state that occurred between April 9, 2021, and May 9, 2021. The 

horizontal axis shows the cumulative number of vaccine doses per 100 adults that each state 
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had achieved by March 15, 2021. Measuring vaccines received by March 15 allowed for 

the inclusion of a four-week lag period to examine how COVID-19 deaths responded to 

vaccines delivered by March 15. In the point-in-time snapshot, there is a negative association 

between state-level vaccination rates and COVID-19 deaths.

To move beyond cross-sectional associations, we used the state-level weekly longitudinal 

data to estimate regression models of cumulative COVID-19 deaths per 100 adults on 

current and four weeks of lagged vaccination rates. We used the coefficients from the models 

to estimate the number of COVID-19 deaths that would have prevailed in the absence of 

vaccinations. The difference between the actual number of deaths and these counterfactual 

estimates provides a measure of the estimated number of confirmed COVID-19 deaths 

averted by the vaccination campaign to date.

Exhibit 2 presents the geographic distribution in estimated COVID-19 deaths averted in 

association with COVID-19 vaccine administrations as of May 9, 2021, expressed here 

as deaths per 10,000 adults. In population-adjusted terms, New York observed the largest 

estimated reduction in deaths, with 11.7 fewer COVID-19 deaths per 10,000 adults, and 

Hawaii observed the smallest reduction, with 1.1 fewer COVID-19 deaths per 10,000 adults. 

The average state experienced 5 fewer COVID-19 deaths per 10,000 adults (95% CI: 4, 6) in 

association with COVID-19 vaccination.

Exhibit 3 shows a nationwide weekly time series of the actual number of cumulative 

COVID-19 deaths among adults across the US and compares it with the model-based 

estimate of the cumulative number of deaths that would have occurred in the absence of 

any vaccinations. Across all US states, using predicted deaths with and without vaccines, 

we estimate that COVID-19 vaccinations were associated with 139,393 (95% CI: 13,110, 

265,675) averted COVID-19 deaths as of May 9, 2021. Using the same approach, we 

estimate that the early vaccination campaign was associated with 3.1 million (95% CI: −2.8, 

8.9) averted confirmed cases of COVID-19 as of May 9, 2021 (appendix exhibit 4).31 The 

effect is larger in magnitude, but it is not statistically different from zero (appendix exhibit 

5).31

Discussion

In this study we assessed the association between the early COVID-19 vaccination campaign 

in the US and COVID-19 deaths. We documented substantial variation in the speed of 

state-specific vaccination campaigns, and we estimated the association between vaccinations 

and changes in the number of COVID-19 deaths among US adults. Our estimates suggest 

that first few months of the vaccination campaign in the US were associated with nearly 

140,000 averted COVID-19 deaths.

To place our estimated averted COVID-19 deaths in context, the fitted value from our model 

implies that by the week ending May 9, 2021, approximately 550,000 people had died of 

COVID-19 in the US. Using regression models to estimate the counterfactual number of 

deaths in the absence of the vaccination campaign suggests that the cumulative number of 

COVID-19 deaths in the US could have reached 709,000. In other words, our study suggests 
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that without the vaccinations of early 2021, the cumulative number of COVID-19 deaths 

in the US would have been nearly 1.2 times higher than their current level. Previous work 

suggests that the value per statistical life of COVID-19 deaths ranges from $4.5 million to 

$10.6 million.36,37 Using these numbers suggests that the value per statistical life of the 

lives already saved because of the vaccination campaign is in the range of $625 billion to 

$1.4 trillion.38,39 Other studies estimate that the mortality, health, and economic impacts 

of the COVID-19 pandemic equate to $16 trillion.6 Through the end of 2020, $13 billion 

for vaccine development and manufacturing had been allocated in the US by the federal 

government.40

Establishment of causality is challenging in an observational setting and during a national 

vaccine rollout; our analytical approach relied on variation in the administration of 

COVID-19 vaccines across states, as early state campaigns may have been influenced 

by public health infrastructure. Vaccine administration patterns may be associated with 

declining mortality because of vaccine prevention of deaths and severe complications as 

state-level vaccine campaigns allocated initial doses to the highest-risk populations41 with 

the aim of immediately reducing COVID-19 deaths. Finally, and more important, clinical 

trial evidence has shown that COVID-19 vaccines have high efficacy.42 Our study provides 

support for policies that further expand vaccine administration, which will enable larger 

populations to benefit.

Importantly, several studies have found that racial and ethnic populations and low-income 

populations have disproportionately borne the health, economic, and social consequences of 

the COVID-19 pandemic.8–12 At the same time, emerging evidence suggests that these 

same communities are less likely to receive initial COVID-19 vaccines.27,43 Ensuring 

that vulnerable patient populations equally share the benefits of COVID-19 vaccination 

campaigns is critical.44 Although this analysis is beyond the scope of our study, as data 

become available, it is imperative that researchers continue to evaluate disparities in vaccine 

access and their consequences in creating further hot spots and heterogeneity in burden.

Despite this study’s limitations, we provide the first assessment of the impacts of state-level 

vaccination campaigns to address the COVID-19 pandemic. Our results suggest that further 

efforts to vaccinate populations globally and in a coordinated fashion will be critical to 

achieving greater control of the COVID-19 pandemic.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EXHIBIT 1. Timing of COVID-19 vaccine rollout across US states, 2020–21
SOURCE Authors’ analysis of data from the Bloomberg Covid-19 Vaccine Tracker, 

December 21, 2020–May 9, 2021. NOTES Data are shown in order of states’ reaching 

the benchmark of 5 doses per 100 adults. Adults are those ages sixteen and older.
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EXHIBIT 2. Estimated cumulative COVID-19 deaths averted through vaccination per 10,000 US 
adults, by state, 2021
SOURCE Authors’ analysis of state-level vaccine data from the Bloomberg Covid-19 

Vaccine Tracker and COVID-19 mortality data from the New York Times Coronavirus 

(Covid-19) Data in the United States database, December 21, 2020–May 9, 2021. NOTES 
Averted deaths are the difference between predicted values of deaths at prevailing levels of 

vaccinations and predicted values of deaths if no vaccinations had occurred during the study 

period. As described in the Methods section, regression models use state fixed effects, week 

fixed effects, and four-week lags of the vaccination doses per 100 adults (population ages 

sixteen and older). A similar map showing confirmed cases averted is in appendix exhibit 3 

(see note 30 in text).
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EXHIBIT 3. Estimated COVID-19 deaths averted through vaccination among US adults, by 
week, 2021
SOURCE Authors’ analysis of state-level vaccine data from the Bloomberg Covid-19 

Vaccine Tracker and COVID-19 mortality data from the New York Times Coronavirus 

(Covid-19) Data in the United States database, December 21, 2020–May 9, 2021. NOTES 
Averted deaths are the difference between predicted values of deaths at prevailing levels of 

vaccinations and predicted values of deaths if no vaccinations had occurred during the study 

period. As described in the Methods section, the models use state fixed effects, week fixed 

effects, and four-week lags of the vaccination doses per 100 adults (population ages sixteen 

and older). A similar figure containing analogous results for confirmed cases is in appendix 

exhibit 4 (see note 30 in text).
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