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CORRESPONDENCE

Stroke, Myocardial Infarction, and Pulmonary
Embolism after Bivalent Booster

TO THE EDITOR: A bivalent messenger RNA vac-
cine targeting both the ancestral and omicron
BA.4-BA.5 sublineages of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) (Pfizer—
BioNTech) was introduced in France in early
October 2022 and recommended for booster vac-
cination in vulnerable populations. Between Oc-
tober 6 and November 9, both monovalent and
bivalent vaccines were available for administra-
tion to persons who were 50 years of age or older.
In January 2023, the Vaccine Safety Datalink of
the Centers for Disease Control and Prevention
alerted the public about a possible increased risk
of ischemic stroke within the 21 days after the
bivalent injection in persons 65 years of age or
older.! We previously found no increase in the
incidence of stroke, acute myocardial infarction,
or pulmonary embolism after administration of
the monovalent vaccine.?? Thus, we wanted to as-

sess whether the risk of such events differed after
receipt of the bivalent booster as compared with
the monovalent booster.

In this population-based study, we used com-
prehensive data from the French National Health
Data System linked to the national coronavirus
disease 2019 (Covid-19) vaccination database. All
persons who were 50 years of age or older and
who had received a booster dose between Octo-
ber 6 and November 9, 2022, were included in the
study. This time window captured the only pe-
riod in which both vaccines were being admin-
istered in France. During this period, the uptake
of the bivalent vaccine overtook the uptake of the
monovalent vaccine, with 932,583 persons receiv-
ing the bivalent vaccine and 121,362 receiving
the monovalent vaccine (Fig. S1 in the Supple-
mentary Appendix, available with the full text of
this letter at NEJM.org).

Events.*

Table 1. Comparison between the Bivalent Booster and the Original Monovalent Booster in the Risk of Cardiovascular

Cardiovascular Event (N=373,728)

Ischemic stroke 114 (0.030)
Hemorrhagic stroke 43 (0.011)
Myocardial infarction 117 (0.031)
Pulmonary embolism 62 (0.017)
All four events combined 335 (0.090)

Bivalent Vaccine

no. of events (%)

Hazard Ratio
(95% CI)

Monovalent Vaccine
(N=97,234)

34 (0.035) 0.86 (0.58-1.27)
14 (0.014) 0.86 (0.46-1.61)
34 (0.035) 0.92 (0.62-1.36)
22 (0.023) 0.83 (0.49-1.40)

104 (0.107) 0.87 (0.69-1.09)

* Listed are four categories of cardiovascular events that were recorded in the French National Health Data System and
that occurred within 21 days after the receipt of either the Pfizer-BioNTech bivalent mRNA vaccine targeting both the
ancestral and omicron BA.4-BA.5 sublineages of SARS-CoV-2 or the original monovalent vaccine. All the participants
received their booster injection between October 6 and November 9, 2022.

7 Hazard ratios for the risk in the bivalent vaccine group were estimated with the use of propensity score-weighted Cox
models. Details are provided in the Supplementary Appendix.

i One of the participants who received a bivalent vaccine had two cardiovascular events, so his data were censored after
the first event for a total number of 335 events.
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For each day during the study period, we
matched each recipient of the monovalent vaccine
with up to five randomly sampled recipients of
the bivalent vaccine on the same day (Fig. S2).
Recipients were followed until 21 days after vacci-
nation. We estimated the risks of ischemic stroke,
hemorrhagic stroke, myocardial infarction, and
pulmonary embolism associated with the bivalent
vaccine as compared with the monovalent vac-
cine by calculating hazard ratios as determined
by propensity score-weighted Cox models (see the
Supplementary Methods).**

Of a total of 470,962 vaccine recipients (mean
[£SD] age, 72.6+£10.4 years), 97,234 (20.6%) re-
ceived the monovalent vaccine and 373,728
(79.4%) received the bivalent vaccine (Fig. S2 and
Table S1). After inverse probability of treatment
weighting, sociodemographic and health-status
characteristics were well balanced between the
two groups (Fig. S3). At 21 days after the boost-
er dose, we found no evidence of an increased
risk of cardiovascular events among the recipi-
ents of the bivalent vaccine as compared with
recipients of the monovalent vaccine. The evalu-
ated events included ischemic stroke (hazard
ratio, 0.86; 95% confidence interval [CI], 0.58 to
1.27), hemorrhagic stroke (hazard ratio, 0.86;
95% CI, 0.46 to 1.61), myocardial infarction
(hazard ratio, 0.92; 95% CI, 0.62 to 1.36), pul-
monary embolism (hazard ratio, 0.83; 95% CI,
0.49 to 1.40), and all four events combined (haz-
ard ratio, 0.87; 95% CI, 0.69 to 1.09) (Table 1).
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Thus, our results provide reassurance regarding
the continued use of this bivalent vaccine.
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