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The vaccines to prevent COVID-19 are remarkable for their
safety, efficacy, and pace of development. Initial enthusiasm
that followed the release of the preliminary results that formed
the basis for distribution of the vaccines under Emergency Use

Authorization (EUA) has been
dampened by the inequity in
access to the vaccines across

the globe, vaccine hesitancy, and emergence of variants that
partly evade vaccine-induced antibodies. These factors are re-
lated, and all 3 contribute to ongoing morbidity, mortality, and
societal disruption related to SARS-CoV-2 in much of the world.
Incomplete coverage with the vaccine leads to infection of im-
munocompromised persons who are likely to harbor the vi-
rus for prolonged periods (or chronically), allowing for muta-
tions that are then selected for immune evasion and better
fitness to the human host.1 The new variants are sufficiently
altered structurally such that neither prior SARS-CoV-2 infec-
tion or even much higher levels of vaccine-induced antibod-
ies are protective.

In this issue of JAMA, Spitzer and colleagues assess the
effect of a booster dose of the mRNA vaccine BNT162b2
(Pfizer-BioNTech) on acquisition of SARS-CoV-2 infection
among health care workers in a tertiary medical center in
Tel Aviv, Israel.2 Israel achieved high vaccination coverage of
most health care workers, who were prioritized for immuni-
zation receiving both doses of the BNT162b2 vaccine by the
end of January 2021. As such, when the Delta variant arose in
June 2021, most health care workers had received their sec-
ond dose of vaccine about 6 months earlier, and emerging
data showed that the antibody titers in response to vaccina-
tion had waned.

Although Spitzer et al initially aimed to provide a booster
vaccine dose only for persons with antibody titers less than the
median, universal boosting was recommended by health au-
thorities. The investigators enrolled a cohort of health care
workers who had completed a 2-dose vaccination series of
BNT162b2 and subsequently received a booster dose of the vac-
cine. Infections in the cohort were monitored by SARS-CoV-2
polymerase chain reaction (PCR) tests every 2 weeks regard-
less of symptoms. Anti–SARS-CoV-2 spike protein receptor-
binding domain (anti–S1-RBD) was measured at baseline and
1 month after the booster.

The study cohort included 1928 health workers, and 1650
(85.6%) received a booster dose during the study. The me-
dian overall follow-up was 39 days, and the median follow-up
of boosted persons, beginning 7 or more days after the re-
ceipt of the booster vaccination, was 26 days. Overall, 3552 PCR
tests were obtained with 51% before and 49% after boosting.
A total of 44 persons tested positive for SARS-CoV-2 during

follow-up, including 31 who had symptoms of COVID-19. The
incidence of SARS-CoV-2 was 116 per 100 000 person-days prior
to booster vaccination and 12.8 per 100 000 after booster vac-
cination, for an estimated relative reduction of 93% (hazard
ratio, 0.07 [95% CI, 0.02-0.2]).

The booster vaccine doses reduced equally the risk of
symptomatic and asymptomatic infection. In a post hoc analy-
sis, the authors noted an association between lower result on
commercial anti–S1-RBD IgG titer at baseline and higher risk
of infection. In a multivariable Cox regression, low baseline
anti–S1-RBD IgG, earlier receipt of the initial vaccine, higher
number of PCR tests, and having more children also were sig-
nificantly associated with SARS-CoV-2 infection.

These findings clearly indicate that providing another
vaccine dose following a 2-dose initial series is associated
with both improvement in the immunological response to
the vaccine antigen and reduction in the risk of symptomatic
and asymptomatic infection. The short follow-up and the
relatively young and healthy population in the study limit the
generalizability of the results. However, these observations
have been replicated in other studies,3 and together, resulted
in a strong recommendation from the US Centers for Disease
Control and Prevention for universal third vaccine dose 6
months after the initial 2 vaccine doses, preferably with an
mRNA vaccine as a safer and more effective product com-
pared with the adenovirus-vectored vaccine.4

The Food and Drug Administration has recently taken the
step to recommend a third dose of mRNA BNT162b2 for ado-
lescents aged 12 to 15 years and for children aged 5 to 11 years
who are immunocompromised. The third dose is recom-
mended to be given at least 5 months after the second dose.

An important consideration is whether this vaccination is
a booster dose or a third dose. The interval between vaccine
doses is important in terms of resulting in durable immunity,
with a longer interval more likely to establish a durable re-
sponse. Both mRNA vaccines have been administered as 2-dose
regimens 3 to 4 weeks apart. This may be too short to induce
long-term immune memory. However, considering the rapid
pace and persistence of the pandemic, it was the right thing
to do to get an answer as soon as possible and roll out the vac-
cines. It may be that a 0, 6 months schedule would be just as
good as 0, 1, and 6 months, although the pressing nature of the
pandemic did not allow the luxury of comparing vaccine dose
schedules, as has occurred with some other vaccines, such as
human papillomavirus.5 Thus, this is a theoretical issue re-
garding vaccine-induced immunity.

While careful immunological studies have established that
the 2-dose vaccine regimens (for SARS-CoV-2 and previously
for Middle East respiratory syndrome) result in long-lasting
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memory B cells as well as bone marrow plasma cells,6,7 indi-
cating that the protection should be long-lasting, vaccinol-
ogy remains predominantly an empirical science, with clini-
cal trials and community surveillance supplanting laboratory
observations. Immune correlates of protections have not been
established for SARS-CoV-2 vaccines, although initial obser-
vations based on the mRNA-1273 (Moderna) vaccine suggest
that neutralizing antibodies can serve as a measure of protec-
tion and that approximately 68% of protection can be attrib-
uted to the antibody level.8 However, this science is still in its
infancy, and individual antibody levels, as measured by myriad
commercial assays, do not offer a useful indicator as to whether
a booster dose is needed; their use outside of clinical re-
search should be discouraged.

Vaccinated persons who develop breakthrough infection
are much less likely to be hospitalized or to die from COVID-19,9

reflecting multiple aspects of adaptive immunity induced by
immunization. As risk of severe COVID-19 is largely confined
to older and immunocompromised persons, these outcomes
are rare in younger, healthy populations. However, when
booster vaccine doses reduce the risk of infection (as shown
in the study by Spitzer et al2), then these boosters will also pre-
vent transmission. As with all infectious diseases, the patho-
gen is required to cause the disease, and SARS-CoV-2 infec-
tion is the sine qua non for COVID-19. Prevention of infection
results in prevention of potential onward transmission from
all individuals who are spared the infection. Furthermore, the
viral load in individuals who are vaccinated and have a break-

through SARS-CoV-2 infection is substantially lower than the
viral load in unvaccinated people who develop infection. This
was definitely true for the original SARS-CoV-2 strain10; for the
Delta variant, it is less clear that on the first few days the viral
load is lower, but certainly the viral load declines more rap-
idly in vaccinated individuals than in unvaccinated persons.11,12

Viral load can be a proxy for infectiousness, as established for
some infections (such as HIV), and less so for others. Thus, with
SARS-CoV-2 variants of concern, booster vaccine doses could
help reduce the risk of disease transmission. This is espe-
cially critical during the current Omicron surge, as this vari-
ant appears to cause infection even in persons with vaccine-
induced immunity. However, higher levels of neutralizing
antibody following booster vaccination provide additional pro-
tection against the Omicron variant.

Will booster vaccine doses continue to be needed at regu-
lar intervals? The additional dose of mRNA vaccines that is
currently being distributed may result in more robust and
long-lasting immune responses, obviating the need for fur-
ther boosters. In addition, development of novel vaccines
that provide protection against coronavirus proteins that are
less mutable could result in broader immunity.13 The evolu-
tion and epidemiology of SARS-CoV-2 have not been predict-
able, and being prepared to respond, such as with effective
vaccines and booster doses of vaccine as needed as well as
with nonvaccine mitigation strategies, remains critically
important to help reduce SARS-CoV-2 transmission, and the
morbidity and mortality from COVID-19.

ARTICLE INFORMATION

Author Affiliations: Department of Medicine,
Epidemiology, and Laboratory Medicine &
Pathology, University of Washington, Seattle;
Vaccine and Infectious Diseases Division, Fred
Hutchinson Cancer Research Center, Seattle,
Washington.

Corresponding Author: Anna Wald, MD, MPH,
Department of Medicine, Epidemiology, and
Laboratory Medicine & Pathology, University of
Washington, Box 359928, 325 Ninth Ave, Seattle,
WA 98104 (annawald@uw.edu).

Published Online: January 10, 2022.
doi:10.1001/jama.2021.23726

Conflict of Interest Disclosures: Dr Wald reports
receiving funding from the National Institutes of
Health (NIH), including as a coinvestigator in the
Novavax and Gritstone COVID vaccine trials. She
also reports receiving financial support through her
institution from Sanofi and GSK for research
unrelated to COVID-19.

Funding/Support: Supported by the National
Institute for Allergy and Infectious Diseases of the
NIH, under award UM1AI148573.

Role of the Funder/Sponsor: The NIH had no role
in the preparation, review, or approval of the
manuscript and decision to submit the manuscript
for publication.

REFERENCES

1. Borges V, Isidro J, Cunha M, et al. Long-term
evolution of SARS-CoV-2 in an immunocompromised
patient with non-Hodgkin lymphoma. mSphere.
2021;6(4):e0024421. doi:10.1128/mSphere.00244-21

2. Spitzer A, Angel Y, Marudi O, et al. Association of
a third dose of BNT162b2 vaccine with incidence of
SARS-CoV-2 infection among health care workers in
Israel. JAMA. Published online January 10, 2022.
doi:10.1001/jama.2021.23641

3. Bar-On YM, Goldberg Y, Mandel M, et al.
Protection against Covid-19 by BNT162b2 booster
across age groups. N Engl J Med. 2021;385(26):
2421-2430. doi:10.1056/NEJMoa2115926

4. Fast HE, Zell E, Murthy BP, et al. Booster and
additional primary dose COVID-19 vaccinations
among adults aged �65 years: United States,
August 13, 2021-November 19, 2021. MMWR Morb
Mortal Wkly Rep. 2021;70(50):1735-1739. doi:10.
15585/mmwr.mm7050e2

5. Neuzil KM, Canh DG, Thiem VD, et al.
Immunogenicity and reactogenicity of alternative
schedules of HPV vaccine in Vietnam: a cluster
randomized noninferiority trial. JAMA. 2011;305
(14):1424-1431. doi:10.1001/jama.2011.407

6. Ko JH, Seok H, Cho SY, et al. Challenges of
convalescent plasma infusion therapy in Middle
East respiratory coronavirus infection: a single
centre experience. Antivir Ther. 2018;23(7):617-622.
doi:10.3851/IMP3243

7. Turner JS, O’Halloran JA, Kalaidina E, et al.
SARS-CoV-2 mRNA vaccines induce persistent
human germinal centre responses. Nature.

2021;596(7870):109-113. doi:10.1038/s41586-021-
03738-2

8. Gilbert PB, Montefiori DC, McDermott AB, et al.
Immune correlates analysis of the mRNA-1273
COVID-19 vaccine efficacy clinical trial. Science.
2021;eab3435.

9. Tenforde MW, Self WH, Naioti EA, et al;
IVY Network Investigators. Sustained effectiveness
of Pfizer-BioNTech and Moderna vaccines against
COVID-19 associated hospitalizations among
adults—United States, March-July 2021. MMWR
Morb Mortal Wkly Rep. 2021;70(34):1156-1162. doi:
10.15585/mmwr.mm7034e2

10. Levine-Tiefenbrun M, Yelin I, Katz R, et al.
Initial report of decreased SARS-CoV-2 viral load
after inoculation with the BNT162b2 vaccine. Nat
Med. 2021;27(5):790-792. doi:10.1038/s41591-021-
01316-7

11. Levine-Tiefenbrun M, Yelin I, Alapi H, et al. Viral
loads of Delta-variant SARS-CoV-2 breakthrough
infections after vaccination and booster with
BNT162b2. Nat Med. 2021;27(12):2108-2110. doi:10.
1038/s41591-021-01575-4

12. Chia PY, Ong SWX, Chiew CJ, et al. Virological
and serological kinetics of SARS-CoV-2 Delta variant
vaccine breakthrough infections: a multicentre
cohort study. Clin Microbiol Infect. 2021;S1198-743X
(21)00638-8. doi:10.1016/j.cmi.2021.11.010

13. Morens DM, Taubenberger JK, Fauci AS.
Universal coronavirus vaccines—an urgent need.
N Engl J Med. Published online December 15, 2021.
doi:10.1056/NEJMp2118468

Opinion Editorial

328 JAMA January 25, 2022 Volume 327, Number 4 (Reprinted) jama.com

© 2022 American Medical Association. All rights reserved.

mailto:annawald@uw.edu
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.23726?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.23726
https://dx.doi.org/10.1128/mSphere.00244-21
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.23641?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.23726
https://dx.doi.org/10.1056/NEJMoa2115926
https://dx.doi.org/10.15585/mmwr.mm7050e2
https://dx.doi.org/10.15585/mmwr.mm7050e2
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2011.407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.23726
https://dx.doi.org/10.3851/IMP3243
https://dx.doi.org/10.1038/s41586-021-03738-2
https://dx.doi.org/10.1038/s41586-021-03738-2
https://www.ncbi.nlm.nih.gov/pubmed/34812653
https://www.ncbi.nlm.nih.gov/pubmed/34812653
https://www.ncbi.nlm.nih.gov/pubmed/34812653
https://www.ncbi.nlm.nih.gov/pubmed/34812653
https://www.ncbi.nlm.nih.gov/pubmed/34812653
https://www.ncbi.nlm.nih.gov/pubmed/34812653
https://www.ncbi.nlm.nih.gov/pubmed/34812653
https://www.ncbi.nlm.nih.gov/pubmed/34812653
https://dx.doi.org/10.15585/mmwr.mm7034e2
https://dx.doi.org/10.1038/s41591-021-01316-7
https://dx.doi.org/10.1038/s41591-021-01316-7
https://dx.doi.org/10.1038/s41591-021-01575-4
https://dx.doi.org/10.1038/s41591-021-01575-4
https://dx.doi.org/10.1016/j.cmi.2021.11.010
https://dx.doi.org/10.1056/NEJMp2118468
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.23726

