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cine has been demonstrated in clinical trials and

postvaccination observational studies. However, effec-
tiveness had declined, and vaccine-induced immunity was
waning.! On November 17, 2021, the US Food and Drug
Administration expanded the Emergency Use Authoriza-
tion for the Pfizer and Moderna coronavirus disease 2019
(COVID-19) vaccines to include boosters. We recently
described the results of studies of nationwide active surveil-
lance for postvaccination myocarditis by the Israeli Ministry
of Health. There were low but increased incidence rates,
mainly in young male individuals, after the second vaccina-
tion, suggesting a causal relationship between second vac-
cine administration and myocarditis.>® These findings raised
concerns about potential postbooster myocarditis.

After receipt of an Institutional Review Board waiver,?
all cases of myocarditis from July 31, 2021 (first day of
booster), through November 5, 2021, regardless of vac-
cination status, were reported to the Ministry of Health
by all hospitals in Israel. The analytical methods but not
the data will be made available to other researchers by
contacting the corresponding author. Clinical data were
reviewed by a cardiologist and a rheumatologist and
classified on the basis of the Brighton Collaboration
Myocarditis Case Definition, as reported previously.??
Myocarditis risk for definite/probable cases after the
booster dose was computed with the 95% CI, and risk
differences (RDs) compared with previous vaccinations
were calculated.

The efficacy of the Pfizer BioNTech BNT162b2 vac-

During the surveillance period, 3944797 individu-
als (1919453 male, 48.7%) received a booster dose.
Ninety-one cases of myocarditis were reported, including
35 cases within 30 days of booster vaccination. Among
them, 28 were probable or confirmed myocarditis; 18
of 28 occurred during the first week after the booster.
All 28 cases were clinically mild, and patients recovered
after an average 3.5-day (range, 1-6 days) hospitaliza-
tion, with no readmissions after discharge during the
90-day follow-up. Risk estimates in the 30 days after the
booster in male patients were 1.42 per 100000 overalll
and 6.44 per 100000 and 5.21 per 100000 for male
individuals 16 to 19 and 20 to 24 years of age, respec-
tively. Compared with vaccine dose 2, for male individu-
als, the overall RD per 100000 was —2.72 (95% CI,
3.67 to —1.73), driven mainly by male individuals 16 to
19 years of age (RD, —8.45 [95% Cl,—15.30 to —0.44]);
for female individuals, the overall RD was —0.48 (95%
Cl, —0.83 to —0.09; Table).

Compared with vaccine dose 1, for male individuals,
the overall RD per 100000 was 0.63 (95% Cl, 0.03-
1.27), largest in male individuals 16 to 19 years of age
(RD, 5.25 [95% Cl, 0.35—11.46]) and 20 to 24 years of
age (RD, 2.26 [95% Cl, —1.53 to 6.77]).

In our study, the risks in male individuals 16 to 19 and
20 to 24 years of age within 30 days after the booster
dose were =1:156625 and 1:19409, respectively. The
corresponding number in female individuals 16 to 19
years of age is 1:94340; no cases were observed in
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women 20 to 24 years of age. Definitive/probable myo-
carditis was diagnosed without magnetic resonance
imaging being systematically performed, and both diag-
nosis reviewers were not blinded to vaccination status.

As we previously reported in second-dose recipients,
the clinical presentation was mild, with resolution of
postbooster myocarditis in all cases, as judged by clini-
cal symptoms, inflammatory markers, and troponin levels,
ECG, echocardiogram normalization if abnormal (<55%
ejection fraction), and a relatively short hospital stay.
However, our follow-up period is relatively short. A longer
follow-up is recommended.

In addition, and similar to our previous studies,?® post-
booster myocarditis risk was associated with younger
age and male sex, although current cases were distrib-
uted more evenly across 30 days of follow-up. Further-
more, the risk for individuals 16 to 29 years of age was
lower compared with the second vaccine dose cases.
Possible explanations for this observation may be related
mainly to 2 factors. First, individual predisposition, either
genetic or other, was severely reduced; individuals who
developed myocarditis after the first or second vaccine

Table. RDs Between the Third and Second Vaccine Doses
by Age and Sex: 30-Day Follow-Up*

Risk per 100000

Sex and age Vaccine 2 | Vaccine 3 | RD (95% CI)

Male individuals

All 413 1.42 —2.72 (—3.67 to —1.73)t
16-19y of age 14.89 6.44 —8.45 (—15.30 to —0.44)t
20-24 y of age 10.87 5.21 —5.66 (—11.10 to 0.42)
25-29 y of age 8.30 0.79 —751 (—11.40 to —2.93)t
30-39y of age 4.00 1.81 —2.20 (—4.57 to 0.44)
>40y of age 0.57 0.58 0.05 (—0.63 to 0.57)

Female individuals

All 0.64 0.16 —0.48 (—0.83 to —0.09)t
16-19y of age 0.91 1.06 0.16 (—2.17 to 3.65)
20-24 y of age 2.08 0.00 —2.08 (—3.94 to 0.39)
25-29y of age 0.89 0.00 —0.89 (—2.33 t0 1.23)
30-39yofage | 0.22 0.37 0.15 (—0.75 to 1.33)
>40y of age 0.46 0.08 —0.38 (—0.77 to 0.04)

RD indicates risk difference.

*Risk was computed as the cumulative incidence during 30 days after both
vaccine doses.

tStatistically significant.
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dose did not receive a booster as a medical precau-
tion. These patients were advised to avoid mRNA-based
boosters and instead to have a non-mRNA booster
vaccine. Indeed, none of the individuals who developed
postbooster myocarditis in the current analysis had myo-
carditis after the first or second vaccine dose. Second,
the interval between the second and third doses (20-24
weeks) was longer compared with the 3-week interval
between the first and second vaccines. Tauzin et al* have
recently demonstrated longitudinal humoral responses
against the D614G strain and severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) variants of con-
cern in recipients who had 2 doses of the BNT162b2
mRNA vaccine with an interval of 16 weeks. Compar-
ing these responses with those elicited in individuals
having a shorter (4-week) dose interval showed that a
16-week interval induced more robust responses among
naive vaccinees. Thus, it may be suggested that a lon-
ger interval between vaccine doses does not compro-
mise efficacy and may possibly reduce the occurrence
of postvaccination myocarditis. The mechanism of vac-
cine-induced myocarditis is not understood but may be
directly related to the active component of the vaccine,
the mRNA sequence that codes for the spike (S) pro-
tein of SARS-CoV-2. mRNA vaccines tend to act as their
own adjuvant and stimulate a further immune response
that improves their efficacy.®

In conclusion, there was a mild decrease in the occur-
rence of vaccine-associated myocarditis after the third
vaccine relative to the second, although the overall inci-
dence is still low.
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Bellevue Hospital Center, New York, NY

Bellevue Hospital Center (A=D) is the oldest hospital in the United States, opening in 1736 as an almshouse. Bellevue’s
world-renowned impact has included seminal contributions to cardiovascular medicine. Regardless of its numerous firsts, Bel-
levue Hospital never lost sight of its primary mission — to care for others, regardless of station in life. No one was ever turned
away from Bellevue.

Luminaries from Bellevue’s history include: Valentine Mott (E), who ligated large arteries to treat arterial aneurysms; Austin
Flint (of the eponymous aortic regurgitation murmur), who brought the stethoscope into general use in the United States;
Edward Dalton, who established the Bellevue Hospital Ambulance Corps in 1869 (F), the first of its kind in the world; the first
ambulatory care cardiac clinic in the United States for working adults (1911); one of the earliest textbooks on cardiovascular
diseases in infants and children, published in 1930 by Charles Hendee Smith and Lucy Porter Sutton (G); development of
cardiac catheterization approaches in the 1940s by Dickinson Richards and André Cournand, for which they shared the 1956
Nobel Prize in Physiology or Medicine (with Dr Werner Forssman); and the nation’s first heart failure clinic (1952).
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