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As of June 30, 2022, there have been 
87,298,343 cases of coronavirus disease 
2019 (COVID-19) reported in the Unit-
ed States, of which approximately 17.4% 
occurred in children 0–17 years old (1). So 
far in 2022, individuals 0–19 years old have 
accounted for 23.6% of cases, a consid-
erable increase, from 14.4%, throughout 
2020 (Figure 1). The increasing case burden 
in children corresponds with differential 
vaccine access and uptake compared with 
adults, of whom the vast majority received 
an mRNA COVID-19 vaccine (Pfizer-BioN-
Tech or Moderna; ref. 1). The first Emergen-
cy Use Authorization (EUA) for Pfizer-Bi-
oNTech was issued on December 11, 2020, 
by the FDA, and it was the only available 
option for individuals 16 years and older 
(Figure 1 and ref. 2). It was not until May 10, 
2021, almost 5 months later, that the FDA 
expanded the EUA for Pfizer-BioNTech to 
include adolescents 12–15 years old (Figure 
1 and ref. 3). Some 6 months after that, on 
November 3, 2021, the US FDA amended 
the EUA to include children 5–11 years old 
(Figure 1 and refs. 1, 4). More than 1.5 years 
after the first EUA, on June 17, 2022, the 
Pfizer-BioNTech and Moderna COVID-19 
vaccines were authorized for use in chil-
dren 6 months and older (Figure 1 and ref. 
5). Notably, Moderna had only been autho-
rized for use in adults 18 years and older pri-
or to the most recent EUA amendment (5).

Despite the CDC recommendation 
that everyone 6 months and older get vac-
cinated against COVID-19, vaccine uptake 
has been suboptimal in children compared 
with adults; 63.4% of children 5–11 years 
old were unvaccinated as of June 30, 2022, 
as opposed to 30.0% of adolescents 12–17 
years old and 10.1% of adults at aged 18 years 
and older (1). According to a systematic  

review and meta-analysis of 44 studies 
that included 317,055 parents, only 60.1% 
intended to vaccinate their children against 
COVID-19 (6). Although many factors con-
tribute to parental vaccine hesitancy, chief 
among them may be the perception that the 
risks of SARS-CoV-2 exposure in children 
are trivial and do not warrant prevention — 
a perception that is not substantiated. Oth-
er factors contributing to vaccine hesitancy 
include the risk of adverse events, such as 
myocarditis and pericarditis, and the per-
ception that there is limited evidence from 
COVID-19 vaccine trials in children. Here 
we provide an overview of current evi-
dence on the risks of SARS-CoV-2 infection 
balanced against the risks and benefits of 
COVID-19 vaccines in children.

Risks of SARS-CoV-2 infection
Though generally more susceptible to 
respiratory viruses, children are less sus-
ceptible to SARS-CoV-2, which causes 
COVID-19. Early in the pandemic, many 
studies showed that SARS-CoV-2 affected 
children less frequently and severely than 
it did adults; roughly one in five children 
(a conservative estimate) with evidence of 
SARS-CoV-2 infection is asymptomatic (7). 
However, SARS-CoV-2 can cause severe ill-
ness in children — 1,604 COVID-19–related 
deaths have occurred in children 0–17 years 
old as of June 30, 2022 (1). Some children 
with acute COVID-19, especially those with 
underlying medical conditions, become 
critically ill and require intensive care, 
including mechanical ventilation, vasopres-
sor support, and extracorporeal membrane 
oxygenation (8). In addition, some experi-
ence other complications, including multi-
system inflammatory disorder in children 
(MIS-C) and long COVID-19 (9).

MIS-C following SARS-CoV-2 
infection
MIS-C is a rare, potentially life-threatening 
hyperinflammatory condition in individu-
als under 21 years old that typically devel-
ops within weeks of SARS-CoV-2 infection. 
As of June 30, 2022, the number of MIS-C 
cases in the United States stands at 8,639, 
with 70 deaths reported (1). Left-ventric-
ular dysfunction and shock are typical of 
MIS-C, and potential long-term sequelae, 
including coronary artery aneurysms, carry 
high risk of morbidity (9). Although thera-
pies are available for MIS-C, the condition 
is vaccine preventable (9–11). A two-dose 
series of Pfizer-BioNTech was 91% (95% 
CI, 78%–97%) effective against MIS-C in a 
study of US adolescents and 94% (95% CI, 
55%–99%) effective in a study of children 
and adolescents in Denmark (10, 11). In the 
former study, none of the fully vaccinated 
adolescents with MIS-C required respira-
tory or cardiovascular support, as opposed 
to 39% of their unvaccinated counterparts 
(11). Therefore, COVID-19 vaccines effec-
tively protect children from MIS-C and 
lessen illness severity in cases of break-
through infection.

MIS-C following COVID-19 
vaccination
Some authors have reported cases of an 
exceedingly rare, MIS-C–like hyperinflam-
matory condition following COVID-19 vacci-
nation in children with no serologic evidence 
of antecedent SARS-CoV-2 infection (12, 13). 
According to a multicenter study in the Unit-
ed States, the rate of MIS-C in individuals 
12–20 years old with a history of vaccination 
and no serologic evidence of SARS-CoV-2 
infection was 0.3 per 1,000,000 vaccinees 
(12). In comparison, the overall US rate of 
MIS-C following SARS-CoV-2 infection 
was 224 per 1,000,000 infections in chil-
dren 11–15 years old and 164 per 1,000,000 
infections in individuals 16–20 years old 
(12). According to another population-based 
study in France, the rate of MIS-C in children 
12–17 years old with a history of vaccination 
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SARS-CoV-2 variants of 
concern
SARS-CoV-2 variants of concern have con-
tinually occurred and superseded each other 
since the beginning of the pandemic. As of 
June 30, 2022, Omicron is the predominant 
variant worldwide, with the BA.5, BA.2.12.1, 
BA.4, and BA.2 lineages accounting for all 
cases in the United States (1). The transition 
from one variant of concern to the next may 
alter the balance between the benefits and 
risks of the COVID-19 vaccines in children. 
For example, the Pfizer-BioNTech vaccine 
was highly effective against the Delta variant 
but only modestly effective against the Omi-
cron variant in children 5–17 years old. Howev-
er, vaccination prevented critical illness (i.e., 
requiring life support or culminating in death) 
caused by either variant and is therefore  

as injection site reactions, fever, and fatigue 
— other well-cited risks associated with 
COVID-19 vaccines are myocarditis and 
pericarditis. The risks appear to be highest 
in adolescent and young adult male individ-
uals following vaccination with the Pfizer- 
BioNTech and Moderna vaccines, respec-
tively (5). According to the aforementioned 
population-based study in France, the com-
bined rate of myocarditis and pericarditis 
was 12.6 per 1,000,000 doses in children 
12–17 years old (13). Therefore, these con-
ditions are exceedingly rare compared with 
the risk of MIS-C following SARS-CoV-2 
infection — which is itself a rare complica-
tion — in the same population. In addition, 
the conditions resolve rapidly following 
conservative management, and long-term 
sequelae have not been reported (5, 13).

and no serologic evidence of SARS-CoV-2 
infection was 1.0 per 1,000,000 doses. In 
the same study, the authors estimated the 
rate of MIS-C following SARS-CoV-2 infec-
tion to be 113 per 1,000,000 infected chil-
dren 12–17 years old (13). Notwithstanding 
the lack of causal evidence supporting a link 
between vaccination and MIS-C, the rate of 
MIS-C following SARS-CoV-2 infection is 
up to several-hundred-fold higher than the 
rate of MIS-C following vaccination. There-
fore, the benefit of COVID-19 vaccines in 
preventing infection-induced MIS-C far out-
weighs the risk of vaccine-induced MIS-C.

Other risks of COVID-19 
vaccination
In addition to the predictable and common 
side effects of COVID-19 vaccines — such 

Figure 1. Stacked area plot of the proportion of COVID-19 cases diagnosed in individuals 0–19 years old (of all COVID-19 cases in the United States). 
Superimposed are line plots of the proportions of US children and adolescents 5–11 and 12–17 years old, respectively, who received at least one dose of 
vaccine. The dashed vertical lines indicate the dates the Emergency Use Authorization was issued and subsequently amended (adjacent text indicates 
coverage; refs. 2–5) for the different age groups. Both data sets are freely available on the CDC website (19, 20).
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benefit from either mRNA COVID-19 vac-
cine. The most crucial next step is to address 
parental vaccine hesitancy and encourage 
vaccine uptake. In addition, further research 
is necessary to determine the safety and 
effectiveness of COVID-19 vaccines in 
special populations, such as pediatric solid 
organ and stem cell transplant recipients, 
children with cancer, and children with 
other immunocompromising conditions. 
Moreover, additional studies are needed to 
determine the optimal booster strategy in 
children, especially in the context of emerg-
ing SARS-CoV-2 variants of concern.
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indicated (14, 15). In addition, the Pfizer-Bi-
oNTech vaccine was highly effective against 
MIS-C when Delta was predominant (10, 
11). However, MIS-C has been occurring less 
frequently during the Omicron wave. For the 
first time since the CDC began tracking case 
reports of MIS-C, the 7-day moving average 
of new cases dropped to 0 in June 2022 (1). A 
population-based study in Denmark showed 
that the risk of MIS-C following SARS-CoV-2 
infection was substantially lower during the 
Omicron than the Delta wave. Neverthe-
less, the authors also showed that the risk 
of MIS-C following SARS-CoV-2 infection 
during the Omicron wave was lower in vac-
cinated children and adolescents (16). All in 
all, COVID-19 vaccines continue to protect 
children from severe COVID-19 and MIS-C 
during the Omicron wave.

Maternal COVID-19 vaccination
As of June 30, 2022, COVID-19 has been 
diagnosed in 220,673 pregnant people in 
the United States, resulting in 298 deaths 
(1). Pregnant people with COVID-19 are at 
increased risk of poor maternal and neona-
tal outcomes, and the CDC recommends 
vaccination for all pregnant people or those 
who plan to become pregnant. COVID-19 
vaccines mitigate poor maternal outcomes; 
according to a study of 10,861 vaccinat-
ed pregnant people matched to an equal 
number of unvaccinated control pregnant 
individuals, the Pfizer-BioNTech vaccine 
was highly effective against COVID-19 and 
COVID-19–related hospitalization (17). In 
addition, maternal vaccination also confers 
protection for infants against COVID-19 
and its complications. According to a multi-
center study in the United States, the over-
all effectiveness of maternal vaccination 
against COVID-19–related hospitalization 
was 52% (95% CI, 33%–65%) (18). Interest-
ingly, maternal vaccine effectiveness var-
ied from 80% (95% CI, 60%–90%) during 
the Delta wave to 38% (95% CI, 8%–58%) 
during the Omicron wave (18).

Concluding remarks
COVID-19 is a vaccine-preventable illness; 
everyone 6 months and older should get 
vaccinated. COVID-19 vaccines are safe 
and effective in children 6 months and old-
er, and maternal vaccination confers protec-
tion for those under 6 months old. Follow-
ing the most recent EUA amendment by 
the FDA, children of all ages now stand to 


