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Abstract

We have a new and unprecedented opportunity to mitigate the suffering, death and inequi-

ties of COVID-19 in the United States with vaccine boosters—if we deploy them effectively,

rapidly, and widely with simplified messaging to all eligible adults.

SARS-CoV-2 vaccines currently approved in the US are highly effective and provide a power-

ful tool for pandemic control. However, vaccine-induced protection from SARS-CoV-2 infec-

tion wanes substantially over time, including among persons aged under 65 years [1]. Strong

evidence also supports the effectiveness of vaccine boosters for adults of all ages. Observational

data from Israel, where widespread boosting of persons vaccinated with Comirnaty

(BNT162b2) began in July 2021, show profound benefits of boosters for prevention of infec-

tion, hospitalization and death [2]. The benefits of boosters seen in these and other observa-

tional data were recently confirmed in a large, multisite randomized clinical trial of a

BNT162b2 booster [3].

The Centers for Disease Control (CDC) extension of booster eligibility beyond adults with

higher medical or environmental risks to all adults is supported by individual-level medical

tradeoffs [4]. Even among males and females 18–29 years of age, COVID-19 hospitalizations

prevented by boosters would outnumber cases of booster-associated myocarditis under a

range of assumptions [5]. In terms of longer-term risks and benefits, some have raised concern

regarding unknown effects of inflammation due to repeated vaccine injections. There is no evi-

dence to support this claim, but there is evidence that immune effects of the virus itself, even

in the setting of mild infection, can lead to longer-term debilitating consequences. In short,

there are good arguments for ensuring that healthy young people have access to boosters to

protect their own health.

Following the emergence of the Omicron variant, the CDC updated their guidelines from

allowing to recommending boosters for all adults [4]. There are theoretical reasons that detec-

tion of the Omicron variant strengthens the argument for universal boosting, yet very little

remains known about this variant and its epidemiologic characteristics. However, and cru-

cially, even in the absence of the Omicron variant, two data-driven arguments, in addition to

those based on individual medical risk and benefit, strongly support widespread boosting for

young and middle-aged healthy adults.
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First, there are profound population-level benefits of boosting for epidemic control. Vacci-

nated people can be infected, and can infect other people, including others who are vaccinated

[6]. Waning immunity and rising contact rates mean that many parts of the US are at risk of

major winter surges in both cases and hospitalizations. Widespread boosting now has the

potential to mitigate these surges. San Francisco provides a case study. At time of writing, 76%

of city residents were fully vaccinated and COVID-19 mortality remained among the lowest in

the country [7]. However, San Francisco is not “out of the woods” for this pandemic. Our

model, publicly available and used to guide the COVID-19 response locally and in other

regions since March 2020, shows the potentially dramatic impact of widespread vaccine boost-

ers over the coming months (Fig 1) [8]. Based on model projections prior to the emergence of

the Omicron variant, if booster deployment outpaces waning immunity from infection, a

resurgence in hospitalizations can be prevented even as risk behaviors increase substantially.

However, if waning outpaces boosting then a resurgence in hospitalizations is likely, even with

less behavior change as we head into the holidays. Importantly, this is true even if no or mini-

mal further waning occurs in vaccine effectiveness against severe disease. The importance of

widespread boosting to prevent a resurgence in hospitalizations will vary by region, and

depends on the initial vaccine rollout and the timing and extent of prior infections. Results

from our and others’ models support the crucial role of widespread boosting for epidemic con-

trol in much of California and in the UK [9].

Second, effective and widespread rollout of boosters now is crucial to avoid further exacerbat-

ing the disproportionate impacts of the COVID-19 pandemic on the lives and livelihoods of com-

munities of color. Black, Hispanic, and American Indian/Alaskan Native persons have

experienced at least double the risk for hospitalization and death of other races/ethnicities, with

impacts that ramify through families and communities [10]. Further, even mild infections prevent

front-line workers from doing their jobs and can create a cascade of financial, social and health

consequences. The structural inequities that drive disparities in both transmission and severe dis-

ease are still with us, suggesting that communities of color will once again bear a disproportionate

burden of new surges in SARS-CoV-2 transmission, particularly given the ample time for waning

of immunity that has now elapsed since early waves of infection in many of these communities.

In many parts of the country, vaccine coverage remains lower in communities of color. Per-

son-for-person, the benefits of initial vaccination outweigh those of boosting, and continued

efforts to increase initial vaccination coverage must continue. However, the drive to get all per-

sons vaccinated is complementary to, not at odds with, efforts to achieve widespread booster

coverage. Simplified booster eligibility combined with low-barrier approaches grounded in

community partnerships provide a means to deliver both initial doses and boosters, and to

avoid creating a false dichotomy between the two. Further, by enabling continued epidemic

control as contact rates increase, widespread boosting is itself a tool to protect persons who

remain unvaccinated.

The argument for widespread boosting in the US exists in parallel with the immediate ethi-

cal imperative to improve global vaccine access. The lack of global access to vaccines is appall-

ing and indefensible. In the majority of countries in Africa, less than 10% of the population

have been fully vaccinated [11]. Vaccine supply has dramatically accelerated; distribution is

lagging. We advocate for a massive ramp-up of global vaccine distribution (including boosters)

and an immediate push for boosters in the US.

How should the booster roll-out be implemented? Unlike the first quarter of 2021, vaccines

are not in short supply. The CDC recommendation to allow either the same vaccine for boost-

ing (matching) or an alternate vaccine (mixing) is supported by immunologic studies of adults

[4]. This boosting approach simplifies implementation. Therefore, recommendations for non-

immunocompromised persons should be simple: all persons fully vaccinated should receive a

PLOS MEDICINE

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003882 December 9, 2021 2 / 4

https://doi.org/10.1371/journal.pmed.1003882


booster shot after 6 months. Messaging should also be simple: We have excellent vaccines, they

need to be given more than once, and they may have to be given on a regular basis in the fore-

seeable future.

Over the holidays, many people will want to gather with friends and family. This year we

have both highly effective vaccines, including for children 5 years of age and older, and highly

effective vaccine boosters. With simple eligibility and clear science-driven public health mes-

saging, we can use these measures to help control transmission of SARS-CoV-2, maintain

open economies and cultures, and work to mitigate the profound health inequities exacerbated

by COVID-19. The time to act is now.

References
1. Tartof SY, Slezak JM, Fischer H, Hong V, Ackerson BK, Ranasinghe ON, et al. Effectiveness of mRNA

BNT162b2 COVID-19 vaccine up to 6 months in a large integrated health system in the USA: a retro-

spective cohort study. Lancet 2021; 398: 1407–16. https://doi.org/10.1016/S0140-6736(21)02183-8

PMID: 34619098

2. Bar-On YN, Goldberg Y, Mandel M, Bodenheimer O, Freedman L, Kalkstein, N, et al. Protection of

BNT162b2 Vaccine Booster against Covid-19 in Israel. N Engl J Med. 2021; 385:1393–1400. https://

doi.org/10.1056/NEJMoa2114255 PMID: 34525275

Fig 1. Observed COVID-19 hospital census in San Francisco through October 25, 2021 (black dots) and projected hospital census over coming months

(colored lines) assuming differing levels of risk behavior change (effective contact rate increases to 110%, 125% and 150% of level on October 25, 2021) if A)

waning of vaccine effectiveness outpaces booster roll-out; B) booster roll-out outpaces waning of vaccine effectiveness. Projections based on the Local Epidemic

Modeling for Management and Action (LEMMA) model, calibrated to publicly available data and reflecting the epidemic pre-Omicron. Detailed description,

source code, and outputs available at https://localepi.github.io/LEMMA/.

https://doi.org/10.1371/journal.pmed.1003882.g001

PLOS MEDICINE

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003882 December 9, 2021 3 / 4

https://doi.org/10.1016/S0140-6736%2821%2902183-8
http://www.ncbi.nlm.nih.gov/pubmed/34619098
https://doi.org/10.1056/NEJMoa2114255
https://doi.org/10.1056/NEJMoa2114255
http://www.ncbi.nlm.nih.gov/pubmed/34525275
https://localepi.github.io/LEMMA/
https://doi.org/10.1371/journal.pmed.1003882.g001
https://doi.org/10.1371/journal.pmed.1003882


3. Pfizer and BioNTech Announce Phase 3 Trial Data Showing High Efficacy of a Booster Dose of Their

COVID-19 Vaccine. Press Release. https://www.pfizer.com/news/press-release/press-release-detail/

pfizer-and-biontech-announce-phase-3-trial-data-showing. Accessed October 21, 2021.

4. COVID-19 Vaccine Booster Shots. Centers for Disease Control and Prevention. November 18, 2021.

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/booster-shot.html?s_cid=11706:cdc%20covid%

20booster%20shot%20guidelines:sem.ga:p:RG:GM:gen:PTN:FY22. Accessed November 28, 2021;

December 1, 2021.

5. Wallace M. Pfizer-BioNTech COVID-19 Vaccine Booster: Benefits-Risk Discussion. ACIP Meeting,

September 23, 2021. Centers for Disease Control and Prevention. https://www.cdc.gov/vaccines/acip/

meetings/downloads/slides-2021-9-23/02-COVID-Wallace-508.pdf. Accessed November 6, 2021.

6. Singanayagam A, Hakki S, Dunning J, Madon KJ, Crone MA, Koycheva A, et al. Community transmis-

sion and viral load kinetics of the SARS-CoV-2 delta (B.1.617.2) variant in vaccinated and unvaccinated

individuals in the UK: a prospective, longitudinal, cohort study. Lancet Infect Dis. 2021. https://doi.org/

10.1016/S1473-3099(21)00648-4 PMID: 34756186

7. COVID-19 data and reports. San Francisco department of Public Health. https://sf.gov/resource/2021/

covid-19-data-and-reports. Accessed October 24, 2021.

8. Geng EH, Schwab J, Foraker R, Fox B, Hoehner CM, Schootman M, et al. Outcomes Associated With

Social Distancing Policies in St Louis, Missouri, During the Early Phase of the COVID-19 Pandemic.

JAMA Netw Open. 2021; 4(9):e2123374. https://doi.org/10.1001/jamanetworkopen.2021.23374 PMID:

34468756

9. Barnard RC, Davies NG, Jit M, Edmunds W J. London School of Hygiene & Tropical Medicine 13th

October 2021 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/

attachment_data/file/1027902/S1385_LSHTM_Autumn_and_Winter_scenarios.pdf. Accessed Octo-

ber 24, 2021.

10. Artiga S, Hill L, Haldar S. COVID-19 Cases and Deaths by Race/Ethnicity: Current Data and Changes

Over Time. Kaiser Family Foundation. October 8, 2021. https://www.kff.org/racial-equity-and-health-

policy/issue-brief/covid-19-cases-and-deaths-by-race-ethnicity-current-data-and-changes-over-time/.

Accessed November 28, 2021.

11. What share of the population has been fully vaccinated against COVID-19? https://ourworldindata.org/

covid-vaccinations#what-share-of-the-population-has-been-fully-vaccinated-against-covid-19. Our

World in Data. Accessed November 29, 2021.

PLOS MEDICINE

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003882 December 9, 2021 4 / 4

https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-announce-phase-3-trial-data-showing
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-announce-phase-3-trial-data-showing
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/booster-shot.html?s_cid=11706:cdc%20covid%20booster%20shot%20guidelines:sem.ga:p:RG:GM:gen:PTN:FY22
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/booster-shot.html?s_cid=11706:cdc%20covid%20booster%20shot%20guidelines:sem.ga:p:RG:GM:gen:PTN:FY22
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-9-23/02-COVID-Wallace-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-9-23/02-COVID-Wallace-508.pdf
https://doi.org/10.1016/S1473-3099%2821%2900648-4
https://doi.org/10.1016/S1473-3099%2821%2900648-4
http://www.ncbi.nlm.nih.gov/pubmed/34756186
https://sf.gov/resource/2021/covid-19-data-and-reports
https://sf.gov/resource/2021/covid-19-data-and-reports
https://doi.org/10.1001/jamanetworkopen.2021.23374
http://www.ncbi.nlm.nih.gov/pubmed/34468756
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1027902/S1385_LSHTM_Autumn_and_Winter_scenarios.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1027902/S1385_LSHTM_Autumn_and_Winter_scenarios.pdf
https://www.kff.org/racial-equity-and-health-policy/issue-brief/covid-19-cases-and-deaths-by-race-ethnicity-current-data-and-changes-over-time/
https://www.kff.org/racial-equity-and-health-policy/issue-brief/covid-19-cases-and-deaths-by-race-ethnicity-current-data-and-changes-over-time/
https://ourworldindata.org/covid-vaccinations#what-share-of-the-population-has-been-fully-vaccinated-against-covid-19
https://ourworldindata.org/covid-vaccinations#what-share-of-the-population-has-been-fully-vaccinated-against-covid-19
https://doi.org/10.1371/journal.pmed.1003882

