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C o r r e s p o n d e n c e

Evaluation of Acute Adverse Events after Covid-19  
Vaccination during Pregnancy

To the Editor: Pregnant women with symp-
tomatic coronavirus disease 2019 (Covid-19) have 
a higher risk of adverse outcomes than do women 
who are not pregnant.1,2 In part because of these 
findings, Covid-19 vaccination has been recom-
mended for pregnant women. However, uptake 
has been lower in pregnant women than among 
women who are not pregnant.3,4 The concern of 
many women regarding safety remains a barrier 
to maternal vaccination.

We performed a retrospective, observational, 
matched-cohort study involving pregnant wom-
en between the ages of 16 and 49 years at eight 
Vaccine Safety Datalink sites from December 15, 
2020, through July 1, 2021. We matched each dose 
of a Food and Drug Administration–authorized 
Covid-19 vaccine received by a pregnant woman 
to an unvaccinated pregnant woman, according 
to study site and pregnancy start date. Included 
in the pregnancy cohort were women who were 
subsequently found to be pregnant within 28 days 
after receiving the vaccine. Vaccinations were 
captured through electronic health records, claims 
data, and bidirectional linkages with state and lo-
cal immunization registries.5

We evaluated the incidences of 25 medically 
attended acute adverse events (known reactogenic 
adverse events and clinically serious outcomes) 
among the vaccinated women as compared with 
the unvaccinated matched controls. For the pri-
mary analyses, we focused on events occurring 
within 21 days after any vaccination. In second-
ary analyses, we included events that had occurred 
within 42 days after the second dose of a messen-
ger RNA (mRNA) vaccine (either the BNT162b2 
[Pfizer–BioNTech] or mRNA-1273 [Moderna] vac-
cine) (Table S4 in the Supplementary Appendix, 
available with the full text of this letter at NEJM 
.org). We estimated adjusted rate ratios using 

Poisson regression after applying stabilized in-
verse probability weighting for propensity to re-
ceive a vaccination. Additional details regarding 
the statistical methods are provided in the Sup-
plementary Appendix.

We identified 45,232 pregnant women who 
had received one or two doses of a Covid-19 vac-
cine immediately preceding or during pregnancy 
(78,026 vaccine doses) (Fig. S1). Of these women, 
32,794 (72.5%) had received two doses of an 
mRNA vaccine, 5652 (12.5%) had received only 
the first dose of an mRNA vaccine, 4912 (10.9%) 
had received only the second dose of an mRNA 
vaccine, and 1874 (4.1%) had received a single 
dose of the Ad26.COV2.S vaccine (Johnson & 
Johnson–Janssen). (The women who received only 
a second dose of vaccine had received the first 
dose >28 days before becoming pregnant.) A 
higher percentage of vaccinated women were be-
tween the ages of 30 and 49 years and were non-
Hispanic White or non-Hispanic Asian as com-
pared with unvaccinated women (Table S4).

Frequencies of all medically attended acute 
adverse events were less than 1%. Among vaccin-
ees, the most common events were fever (adjusted 
rate ratio as compared with unvaccinated con-
trols, 2.85; 95% confidence interval [CI], 1.76 to 
4.61), malaise or fatigue (adjusted rate ratio, 
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2.24; 95% CI, 1.71 to 2.93), local reactions (ad-
justed rate ratio, 1.89; 95% CI, 1.33 to 2.68), and 
lymphadenopathy or lymphadenitis (adjusted 
rate ratio, 2.16; 95% CI, 1.42 to 3.28) (Fig. 1). No 
serious acute adverse events that were evaluated 
(e.g., cerebral venous sinus thrombosis, encepha-
litis or myelitis, Guillain–Barré syndrome, myo-
carditis or pericarditis, or pulmonary embolism) 
occurred more frequently in vaccinated women 
after each dose than among matched unvacci-
nated controls. Overall associations were similar 
in subgroup analyses comparing the incidence 
of outcomes in the two groups, as stratified ac-
cording to vaccine dose and mRNA vaccine 
manufacturer (Tables S4 and S5 and Figs. S3 and 
S4). Limitations of the study included potential 
underestimation of outcome incidence if the ac-
tual risk interval differed from the 21-day or 42-day 

interval that we used, the presence of wide confi-
dence intervals around some rate ratios, and po-
tential misclassification or incomplete capture 
of Covid-19 vaccine exposure or other covariates.

Medically attended acute adverse events after 
Covid-19 vaccination immediately preceding or 
during pregnancy were uncommon. Covid-19 vac-
cines were not associated with an increased risk 
of the clinically serious acute adverse events that 
were evaluated. The present data add to the grow-
ing literature supporting the safety of Covid-19 
vaccination during pregnancy.
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Figure 1. Medically Attended Acute Adverse Events during Pregnancy, According to Receipt or Nonreceipt of a Covid-19 Vaccine  
(December 15, 2020–July 1, 2021).

Shown is the incidence of medically attended acute adverse events in 45,232 pregnant women who had received one or two doses of a 
Covid-19 vaccine immediately preceding or during pregnancy (78,026 vaccine doses) and unvaccinated matched controls. The rate of ad-
verse events per 10,000 vaccine doses was calculated for the vaccinated women and was matched with the rate in an unvaccinated con-
trol. Data were evaluated within 21 days after vaccination at eight Vaccine Safety Datalink sites. There were no reports of a prespecified 
list of adverse events that included acute disseminated encephalomyelitis, cerebral venous sinus thrombosis, disseminated intravascular 
coagulation, encephalitis or myelitis, Guillain–Barré syndrome, myocarditis or pericarditis, hemorrhagic or ischemic stroke, Stevens–
Johnson syndrome or toxic epidermal necrolysis, thrombosis with thrombocytopenia syndrome, transverse myelitis, thrombotic throm-
bocytopenic purpura, or pulmonary embolism. Anaphylaxis was evaluated only in the vaccinated group, and no confirmed cases were  
reported.
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Geographic Disparities in Rising Rates 
of Firearm-Related Homicide

To the Editor: After two decades of decreasing 
rates, the rate of homicides in the United States 
began increasing in 2014.1 The increase has been 
driven entirely by a rise in firearm-related homi-
cides, which diverged from the trend in non–fire-
arm-related homicide in the late 2000s, starkly 
separated from it in 2014, and reached a rate of 
4.4 deaths per 100,000 population in 2019 (Fig. 
S1A in the Supplementary Appendix, available 
with the full text of this letter at NEJM.org).2,3 In 
2019, firearm use accounted for three of every 
four homicides, the highest ratio since system-
atic data on homicide mechanisms became avail-
able (Fig. S1B).2 Although increasing rates of 
firearm-related homicides have garnered atten-

tion from researchers and the media, limited 
research has evaluated the extent to which this 
increase is a national phenomenon or is concen-
trated among geographic areas or demographic 
groups.

We used mortality microdata from 2006 
through 20194 and mixed-effects negative bino-
mial regression models that predicted annual 
firearm-related homicides within demographic 
groups to estimate changes in the rates of fire-
arm-related homicides (see the Supplementary 
Appendix). On average, the rate of firearm-relat-
ed homicides decreased by 1% annually from 
2006 to 2014 (incidence rate ratio, 0.99; 95% 
confidence interval [CI], 0.99 to 0.99) and then 
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