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Correspondence and Replies
How important is the second dose of
the COVID-19 mRNA vaccine?
To the Editor:
The current data and lack thereof for allergy guidance on

coronavirus disease 2019 (COVID-19) mRNA vaccines was out-
linedbeautifully byBanerji et al1 andGreenhawt et al.2As allergists
create algorithms and testing protocols to evaluate patients who
have had possible allergic reactions to the first dose of the Pfizer/
BioNTech or Moderna vaccine, it also falls to allergists to counsel
patients on the undefined benefit of the second dose.

Booster doses are intended to promoteB-cell affinitymaturation,
increase neutralizing antibodies, and expand the memory T-cell
pool. In practice, both COVID-19mRNAvaccines confer excellent
short-term protection starting 2 weeks after the first dose, before
second-dose administration. Between days 15 and 21 after the first
dose, symptomatic infections were reduced by almost 90% among
Pfizer trial participants.3 Among Moderna trial participants who
received a single dose only, vaccine efficacy was 92% starting at
day 14, with a median follow-up of 28 days.4 Efficacy might suffer
against variants such as B.1.351, and whether this differencewould
be affected by delaying a second dose is unknown.

In the short-term, the infection-related risk of delaying a
second dose of mRNAvaccine by several weeks may be low. For
those who experience a possible first-dose reaction, such a delay
may allow patients time to gather information to guide a second-
dose decision. Studies are ongoing on degree and duration of
protection with a single dose, safety and efficacy of mixing
vaccines (eg, adenovirus vaccine after mRNA vaccine), and
impact of vaccine intervals on protection against or development
of new variants. As allergists pursue various evaluation algo-
rithms, we will find out more about the predictive value of skin
testing, likelihood of second reactions, and efficacy of vaccines
given by graded challenge.

Adenovirus vector vaccines may change allergists’ algorithms.
Johnson & Johnson has obtained emergency use authorization for
its vaccine as a single dose, and AstraZeneca’s vaccine data are
encouraging for single-dose efficacy for at least 3 months.
Combined data from AstraZeneca trials showed vaccine efficacy
of 76% after a single dose, with stable antibody titers to day 90,
compared with 67% overall efficacy after 2 doses, with noted
demographic differences between subgroups. Among those who
received 2 doses, prolonging the interval between doses to 3
months was associated with greater vaccine efficacy, at 82% and
55%, with dose intervals of 121 weeks and less than 6 weeks,
respectively.5

Motivated patients seeking clearance for a second mRNA
vaccine dose tell us they want this ‘‘life-saving’’ protection. Yet
we do not know whether the second dose confers substantial
additional protection against hospitalization and death.

For the general population, both mRNA vaccine doses should
be given as studied, supply permitting. For patients whose first-
dose reactions have raised concerns about second-dose safety, the
limited data on short-term single-dose efficacy should beweighed
along with exposure risk and reaction severity.
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Reply to ‘‘How important is the second
dose of the COVID-19 mRNA vaccine?’’
To the Editor:
We thank Liu1 for a thoughtful commentary on recent guidance

for coronavirus disease 2019 (COVID-19) vaccination.2,3 Liu1 rai-
ses several important points that highlight uncertainties surround-
ing the COVID-19 vaccination effort, suggesting that for some
patients who experience a severe allergic reaction to a first
mRNAvaccine dose, a second vaccine dose may be deferred or de-
layed in light of limited evidence demonstrating good short-term
efficacy of a single dose.1,4-6 Our understanding continues to
rapidly evolve on this topic. For example, a recent study from
the Sheba Medical Centre reported an 85% (95% CI, 71%-92%)
reduction in symptomatic COVID-19 cases 15 to 28 days after
the first dose of the Pfizer-BioNTech vaccine.5 This reduction in
symptomatic COVID-19 infection is improved from an original es-
timate for first-dose vaccine efficacy of 52.4% reported by Polack
et al,7 and may differ as a result of timing of the measurement.
When considering the ratio of confirmed cases of COVID-19
illness in active versus placebo groups from Polack et al, Pfizer-
BioNTech vaccine efficacy has been estimated at 92.6% beginning
14 days after dose 1 to before dose 2.6 Indeed, this rate is similar to
the first-dose efficacy rate of 92.1% reported for the Moderna vac-
cine.6,8 Still, uncertainty remains regarding single-dose mRNA
vaccine protection, as a recent population-based Israeli study
including 596,618 vaccinated persons estimated single-dose effec-
tiveness against documented infection at 14 to 20 days at 46%
(95% CI, 40%-51%) for the Pfizer-BioNTech vaccine, with
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estimates of protection reaching 74% (95%CI, 56%-86%) for hos-
pitalization and 72% (95% CI, 19%-100%) for preventing death.9

It must be acknowledged that the duration of single-dose
mRNA vaccine efficacy is presently unknown.4 Indeed, even the
longer-term efficacy of the full COVID-19 mRNA vaccine series
is unclear, and the question of whether or not to routinely defer
second vaccine doses in an effort to more rapidly mobilize first
vaccine doses to combat the COVID-19 pandemic has been a sub-
ject of debate.4 Given that all COVID-19 vaccine products remain
unlicensed and are currently administered under emergency use
authorizations (EUA), it may be reasonable to assume that admin-
istration per EUA guidance would be optimal. Although, now
more than ever, it is important to realize the good is not the enemy
of the perfect. Assuming durable high first-dose mRNA vaccine
protection is achievable, it could be reasonable to defer a second
dose in a patient at high risk for COVID-19 mRNA vaccine
anaphylaxis, though this remains a difficult decision to contem-
plate, rife with uncertainty from widely ranging preliminary esti-
mates regarding the incremental benefit of the fully recommended
vaccination series.10 Recent modeling suggests that deferral of a
second COVID-19 mRNA vaccine dose could leverage optimal
health and economic outcomes when durable first-dose protection
is very high and rates of vaccine anaphylaxis are significantly
elevated above baseline risk.10 For example, assuming durable
first-dose protection reaches 90% and a second dose offers only
5% protection, second-dose deferral would be cost-effective if
anaphylaxis risk exceeded 0.13%; this frequency is much greater
than the risk of anaphylaxis reported in the general population but
may be lower than the risk perceived by the allergist-
immunologist evaluating a patient after anaphylaxis with a first
dose.10-13 However, at lower rates of first-dose protection, the
importance of a second dose may become more significant, and
deferral may cause more harm than benefit, even in patients
with a risk of COVID-19 mRNAvaccine anaphylaxis well above
that of the general population.10 As an alternative to a second
mRNA vaccine dose, guidance has been suggested that a single
dose of a COVID-19 viral vector (ie, Janssen) vaccine may be
considered at a minimum interval of 28 days from the mRNA
dose in persons with a contraindication to a second COVID-19
mRNA vaccine dose. In patients with a contraindication to a
COVID-19 mRNA vaccine (considered a precaution to the
COVID-19 viral vector vaccine), allergist-immunologist referral
should be considered and such administration should occur under
the supervision of a provider capable of managing anaphylaxis.14

Liu has provided valuable insight into a complex question of
second-dose COVID-19 mRNA vaccine deferral. Such an option,
as part of shared decision making with the patient, would require
careful consideration and would be a highly contextual decision,
conditional on a rapidly evolving understanding of best vaccination
practices and careful values clarification on behalf of the informed
patient. Although most patients referred for a possible vaccine
reaction will be able to receive a second vaccine dose safely, for
those at very high relative risk for anaphylaxis, the decision to defer
or forego the second dose could be a reasonable option to discuss, if
indeed protection from a first dose is reliable in the longer-term.
Still, for greatest efficacy, providing vaccinations as recommended
in each EUA would be preferred if possible. Information on
durability of first-dose responses overall, as well as in those who
have had mRNAvaccine anaphylaxis or previous COVID-19, and
the local availability of additional COVID-19 vaccine options14,15

will also help guide these decisions.

Marcus S. Shaker, MD, MSca,b

Elizabeth Phillips, MDc

Kimberly G. Blumenthal, MD, MScd,e,f

Elissa M. Abrams, MDg

Aleena Banerji, MDd

John Oppenheimer, MDh

Timothy K. Vander Leek, MDi

Douglas P. Mack, MD, MScj,k

Paige G. Wickner, MD, MPHe,l

Alexander G. Singer, MB, BAO, BChm

David A. Khan, MDn

Matthew Greenhawt, MD, MBA, MSco

aDartmouth-Hitchcock Medical Center, Section of Allergy and Immunology, Lebanon,

NH
bGeisel School of Medicine at Dartmouth, Hanover, NH
cDepartment of Medicine, Vanderbilt University Medical Center, Nashville, Tenn
dDivision of Rheumatology, Allergy, and Immunology, Department of Medicine, Mas-

sachusetts General Hospital, Boston, Mass
eHarvard Medical School, Boston, Mass
fEdward P. Lawrence Center for Quality and Safety, Massachusetts General Hospital,

Boston, Mass
gDepartment of Pediatrics, Section of Allergy and Clinical Immunology, University of

Manitoba, Winnipeg, MB, Canada
hRutgers New Jersey Medical School, Newark, NJ
iPediatric Allergy and Asthma, Department of Pediatrics, University of Alberta, Edmon-

ton, AB, Canada
jMcMaster University, Hamilton, ON, Canada
kHalton Pediatric Allergy, Burlington, ON, Canada
lDivision of Allergy and Immunology, Department of Medicine, Brigham and Women’s

Hospital, Boston, Mass
mDepartment of Family Medicine, University of Manitoba, Winnipeg, MB, Canada
nDivision of Allergy & Immunology, Department of Internal Medicine, University of

Texas Southwestern Medical Center, Dallas, Texas
oDepartment of Pediatrics, Section of Allergy and Immunology, Children’s Hospital

Colorado, University of Colorado Denver School of Medicine, Denver, Colo.

Conflict of interest: M. S. Shaker is a member of the Joint Taskforce on Allergy Practice

Parameters; has a family member who is CEO of Altrix Medical; and serves on the

Editorial Board of the Journal of Food Allergy and the Annals of Allergy, Asthma,

and Immunology. E. Phillips reports grants from the National Institutes of Health

(grant nos. P50GM115305, R01HG010863, R01AI152183, R21AI139021, and

U01AI154659) and from the National Health and Medical Research Council of

Australia; receives Royalties from UpToDate and consulting fees from Janssen Ver-

tex, Regeneron, and Biocryst; is codirector of IIID Pty Ltd, which holds a patent

for HLA-B*57:01 testing for abacavir hypersensitivity; and has a patent pending

for Detection of Human Leukocyte Antigen-A*32:01 in connection with Diagnosing

Drug Reaction with Eosinophilia and Systemic Symptoms without any financial

remuneration and not directly related to the submitted work. E. M. Abrams is on

the Steering Committee of Food Allergy Canada’s National Food Allergy Action

Plan; is a collaborator with the Institute for Health metrics and Evaluation; and has

received moderator/speaker fees from AstraZeneca (AZ), GlaxoSmithKline (GSK),

and Sanofi. J. Oppenheimer declares the following: Research/Adjudication: AZ,

GSK, Sanofi, and Novartis; Consultant: GSK, AZ, and Sanofi; Associate Editor:

Annals of Allergy, Asthma, and Immunology, AllergyWatch; Section Editor: Current

Opinion of Allergy; Royalties: UptoDate; and Board Liaison American Board of In-

ternal Medicine for American Board of Allergy and Immunology. T. L. V. Leek has

served on advisory boards and received honoraria from Aralez, Bausch Health, and

Pfizer. D. P. Mack is a member of the Board of Directors for the Canadian Society

of Allergy and Clinical Immunology; serves on the Editorial Board of the Journal

of Food Allergy; has provided consultation and speaker services for Pfizer, Aimmune,

Merck, Covis, and Pediapharm and has been part of an advisory board for Pfizer and

Bausch Health. M. Greenhawt has served as a consultant for the Canadian Transpor-

tation Agency, Thermo Fisher, Intrommune, and Aimmune Therapeutics; is a member

of physician/medical advisory boards for Aimmune Therapeutics, DBV Technolo-

gies, Sanofi/Genzyme, Genentech, Nutricia, Kaleo Pharmaceutical, Nestle, Acques-

tive, Allergy Therapeutics, Pfizer, US World Meds, Allergenis, Aravax, and

Monsanto; is a member of the Scientific Advisory Council for the National Peanut



J ALLERGY CLIN IMMUNOL PRACT

VOLUME 9, NUMBER 6

CORRESPONDENCE AND REPLIES 2539
Board; has received honorarium for lectures from Thermo Fisher, Aimmune, DBV,

Before Brands, multiple state allergy societies, the American College of Allergy,

Asthma, and Immunology, and the Eurpoean Academy of Allergy and Clinical Immu-

nology; is an associate editor for the Annals of Allergy, Asthma, and Immunology; and

is a member of the Joint Taskforce on Allergy Practice Parameters. The rest of the

authors declare that they have no relevant conflicts of interest.

Received for publication March 2, 2021; accepted for publication March 2, 2021.

Corresponding author: Marcus S. Shaker, MD, MSc, Geisel School of Medicine,

Dartmouth-Hitchcock Medical Center, Department of Medicine, Section of Allergy

and Clinical Immunology, One Medical Center Drive, Lebanon, NH 03784. E-mail:

Marcus.S.Shaker@Dartmouth.edu.
REFERENCES

1. Liu A. How important is the second dose of the COVID-19 mRNA vaccine?

J Allergy Clin Immunol Pract 2021;9:2537.

2. Greenhawt M, Abrams EM, Oppenheimer J, Vander Leek TK, Mack DP, Singer AG,

et al. The COVID-19 pandemic in 2021: avoiding overdiagnosis of anaphylaxis risk

while safely vaccinating the world. J Allergy Clin Immunol Pract 2021;9:1438-41.

3. Banerji A, Wickner PG, Saff R, Stone CA Jr, Robinson LB, Long AA, et al. mRNA

vaccines to prevent COVID-19 disease and reported allergic reactions: current evi-

dence and suggested approach. J Allergy Clin Immunol Pract 2021;9:1423-37.

4. Kadire SR, Wachter RM, Lurie N. Delayed second dose versus standard regimen for

Covid-19 vaccination. N Engl J Med 2021;384:e28.

5. Amit S, Regev-Yochay G, Afek A, Kreiss Y, Leshem E. Early rate reductions of SARS-

CoV-2 infection andCOVID-19 inBNT162b2vaccine recipients. Lancet 2021;397:875-7.

6. Skowronski DM, De Serres G. Safety and efficacy of the BNT162b2 mRNA Covid-

19 vaccine. N Engl J Med 2021;383:2603-15.

7. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety and

efficacy of the BNT162b2 mRNA Covid-19 vaccine. N Engl J Med 2020;383:2603-15.

8. U.S. Food and Drug Administration (FDA). Vaccines and Related Biological Prod-

ucts Advisory Committee meeting. FDA briefing document: Moderna COVID-19

vaccine. December 17, 2020. Available from: https://www.fda.gov/media/144434/

download. Accessed April 5, 2021.

9. Dagan N, Barda N, Kepten E, Miron O, Perchik S, Katz MA, et al. BNT162b2 mRNA

Covid-19 vaccine in a nationwide mass vaccination setting. N Engl J Med 2021;384:

1412-23.

10. Shaker M, Phillips E, Blumenthal K, Abrams EM, Banerji A, Oppenheimer J, et al.

The importance of a timely second dose of the 2021 COVID-19 mRNA vaccine

depends on the protection offered by a first dose and subsequent risk of anaphylaxis

[published online ahead of print April 20, 2021]. J Allergy Clin Immunol Pract.

https://doi.org/10.1016/j.jaip.2021.04.015.

11. Shaker M, Abrams EM, Greenhawt M. A cost-effectiveness evaluation of hospital-

izations, fatalities, and economic outcomes associated with universal versus

anaphylaxis risk-stratified COVID-19 vaccination strategies [published online

ahead of print March 9, 2021]. J Allergy Clin Immunol Pract. https://doi.org/10.

1016/j.jaip.2021.02.054.

12. CDC COVID-19 Response Team Food and Drug Administration. Allergic reac-

tions including anaphylaxis after receipt of the first dose of Moderna COVID-19

vaccine – United States, December 21, 2020–January 10, 2021. MMWR Morb

Mortal Wkly Rep 2021;70:125-9.

13. CDC COVID-19 Response Team Food and Drug Administration. Allergic reac-

tions including anaphylaxis after receipt of the first dose of Pfizer-BioNTech

COVID-19 vaccine – United States, December 14-23. MMWR Morb Mortal

Wkly Rep 2021;70:46-51.

14. ACIP COVID-19 Vaccines Work Group. Clinical considerations for use of COVID-

19 vaccines. March 1, 2021. Available from: https://www.cdc.gov/vaccines/acip/

meetings/downloads/slides-2021-02/28-03-01/03-COVID-MacNeil.pdf. Accessed

April 5, 2021.

15. U.S. Food and Drug Administration (FDA). Janssen Biotech emergency use authoriza-

tion. February 27, 2021. Available from: https://www.fda.gov/media/146303/

download. Accessed April 5, 2021.

https://doi.org/10.1016/j.jaip.2021.03.016
Protective effects of eosinophils
against COVID-19: More than an
ACE(2) in the hole?
To the Editor:
We read with great interest the recent publication by

Ferastraoaru et al1 in the January 2021 issue of JACI: In Prac-
tice that reported type 2 high asthma with eosinophilia is
protective against severe coronavirus disease (COVID-19). As
the authors note, this protective effect may be due to reduced
viral binding and propagation in type 2 high asthmatic airways
as the result of downregulated expression of the severe acute
respiratory syndrome coronavirus (SARS-CoV-2) receptor,
angiotensin-converting enzyme 2 or ACE(2), on airway epithe-
lium. It is notable, however, that many prior studies have re-
ported antiviral and immunomodulatory functions of
eosinophils in humans and in animal models, which in light
of the present findings, are potentially complementary or alter-
native mechanisms that explain this effect. Eosinophils express
a variety of pattern recognition receptors capable of detecting
viral RNA genomes, including Toll-like receptors 3 and 7,
RIG-like receptors, and NOD-like receptors.2 Once activated,
eosinophils release mediators with direct antiviral activity
such as eosinophil cationic protein and eosinophil-derived
neurotoxin, whose ribonuclease activity degrades viral RNA
genomes, and nitric oxide, which has been shown to reduce
infectivity of 2 other RNA respiratory viruses, parainfluenza vi-
rus and respiratory syncytial virus.2 Eosinophils also produce
TH1-related cytokines involved in antiviral defense, including
IFNg and IL-12, and they express major histocompatibility
complex class 1 and 2 molecules that enable antigen presenta-
tion and recruitment of viral-specific CD8 T cells to the lung.2

Although much of our mechanistic understanding of
eosinophil’s antiviral effects is derived from in vitro studies
of human and mouse eosinophils, several experimental obser-
vations support the concept that eosinophils are antiviral
in vivo as well. For example, mice and guinea pigs with
allergen-induced airway eosinophilia have lower titers of para-
influenza virus in the lung 4 days after infection,3,4 and trans-
genic mice with eosinophilia due to IL-5 overexpression also
exhibit accelerated viral clearance.4 In influenza-infected
mice, adoptive transfer of eosinophils into airways reduces
viral titers,5 whereas double transgenic eosinophil-deficient
mice that overexpress IL-5 lack this antiviral response, indi-
cating that eosinophils specifically, not IL-5, mediate the
antiviral effect.4 Similarly, in a study of experimental rhino-
virus infection in humans, mild asthmatics treated with the
anti-IL5 antibody mepolizumab had higher nasal viral titers
than placebo-treated individuals, suggesting that eosinophil’s
antiviral functions are conserved between animals and
humans.6

As both eosinophils and viral infections are important causes of
asthma attacks, eosinophil activation in virus-infected airways is
likely a double-edged sword capable of causing both harm during
asthma exacerbations triggered by seasonal respiratory viruses
and protection against serious and fatal infections from pandemic
SARS-CoV-2. Indeed, despite a common evolutionary lineage
with seasonal coronavirus variants, SARS-CoV-2 and prior
pandemic coronaviruses, Middle East respiratory syndrome and
SARS, share unique genomic features that account for their
immunogenicity. Given that higher SARS-CoV-2 titers are
associated with increased mortality,7 eosinophil’s ability to
directly and indirectly attenuate viral replication may protect
against development of a runaway inflammatory response that un-
derlies the onset of severe COVID-19 disease.

Matthew G. Drake, MD
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