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What do we know about COVID-19 Vaccines for Children?

Reese H. Clark, MD, Veeral N. Tolia, MD, Curtis B. Pickert, MD

Introduction

Our goal is to review the current literature on the safety and ef-
ficacy of COVID-19 vaccines in children, some of which will be 
out of date before the end of the month. There is still much to be 
learned about vaccines to prevent COVID-19 in children. 

The accumulating data in adults is encouraging. Authorized mRNA 
vaccines are highly effective in preventing SARS-CoV-2 infection 
and severe disease when administered in real-world conditions. 
Vaccines attenuated the viral RNA load, risk of febrile symptoms, 
and duration of illness among those who had breakthrough infec-
tion despite vaccination. (1)

Why are safe, effective vaccines for children needed?

1. Protect children from acute infections with COVID-19 and 
reduce the risk of Multisystem Inflammatory Syndrome in 
children (MIS-C).

2. Facilitate in-person learning and socialization and promote 
mental health support for recovery from the ill effects of so-
cial isolation.

3. Contribute to herd immunity.
4. Improve access to all forms of care. Shelter-in-place orders 

have been associated with declines in outpatient pediatric 
visits and fewer vaccine doses administered, leaving chil-

dren at risk for vaccine-preventable diseases. Establishing 
herd immunity can improve access to all forms of care (spiri-
tual, mental, health, and physical) and all vaccines.

What is known

1. There are at least two distinctively different COVID-related 
diseases in children: an acute illness that is similar, but not 
the same, as that seen in adults, and MIS-C. There is also 
increasing evidence that children can have persistent symp-
toms (Long COVID) following testing positive for COVID-19.

2. While it is rare, children can become critically ill and die with 
COVID-19.

3. Vaccines elicit an immune response to the components that 
make up the vaccine, and the immune response is different 
in children than in adults. 

4. The BNT162b2 (Pfizer–BioNTech) vaccine in adolescents 
between 12 to 15 years was at least 75% (lower 95% con-
fidence limit) effective in preventing Covid-19 cases with an 
onset of 7 or more days after dose 2. Currently, this is the 
only vaccine with FDA emergency authorization for children.

5. Common adverse events (e.g., local injection reactions, 
headache, fatigue, muscle aches, and fever) resolve without 
treatment and are not serious.

What is not known

1. Duration of protection for any vaccine in any age group
2. The immune response to COVID-19 is different in children; it 

will be important to understand that to define the pathophysi-
ology of MIS-C.

3. How well do vaccines prevent people from spreading CO-
VID-19 to others?

4. How effective vaccines are for preventing new variants of 
the virus that causes COVID-19.

5. Why states chose different ways to define the term “child,” 
variable definitions created different denominators in report-
ed rates, creating confusion when rates of disease or ad-
verse events in “children” are reported. Children population 
cohorts are variably defined as <18 years old or <21 years 
old.

6. What rare serious adverse events are truly related to vacci-
nation and when to anticipate their occurrence in relation to 
receiving the vaccine (first vs. the second dose). 

7. How the Delta Variant of SARS-CoV-2 changes the risk of 
infectivity, long and short-term disease in children?

8. Nothing in medicine is 100 percent safe and effective. Never 
say “always works” or “never hurts.” Our job as clinicians is 
to weigh the risks and benefits, often without perfect knowl-
edge of efficacy or safety. 

Context/prevalence/incidence/severity of disease in children

There are two distinctively different COVID-related diseases in 
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“The accumulating data in adults is 
encouraging. Authorized mRNA vaccines 
are highly effective in preventing SARS-
CoV-2 infection and severe disease when 
administered in real-world conditions. 
Vaccines attenuated the viral RNA 
load, risk of febrile symptoms, and 
duration of illness among those who 
had breakthrough infection despite 
vaccination. (1)”
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children; an acute illness that is similar, but not the same, as that 
seen in adults, and MIS-C. CDC defines children as under 21 
years old. The incubation period for acute infection with SARS-
CoV-2 in children is 2-14 days with an average of 6 days. The 
signs and symptoms of acute COVID-19 in children are like in-
fluenza, streptococcal pharyngitis, and allergic rhinitis. The lack 
of specificity of signs or symptoms and the significant proportion 
of asymptomatic infections make symptom-based screening for 
identification of SARS-CoV-2 in children particularly challenging. 
(2)

In “Children and COVID-19: State-Level Data Report,” the defini-
tion of a “child” case is based on varying ages (0-14, 0-17, 0-18, 
0-19, and 0-20 years) reported across different states. Summary 
data from the AAP report shows that of children tested, 5%-35% 
test positive for COVID-19. As of September 2, 5 million children 
have tested positive for COVID-19. There were 251,781 cases 
added 8/26/21-9/2/21, five times the number of cases reported 
during weeks in July. Children now represent 15.1% of all CO-
VID-19 cases reported since the beginning of the pandemic. From 
8/12/21-8/19/21, children represented 22.4% (180,175/806,003) 
of the weekly reported cases. 251,781 child COVID-19 cases 
were reported the past week from 8/26/21-9/2/21, and children 
represented 26.8% (251,781/939,470) of the weekly reported 
cases. (3) COVID-19–associated hospitalization rates among 
children and adolescents rose nearly five-fold from late June to 
mid-August 2021.  (4)

When infected, children generally remain asymptomatic or de-
velop mild disease. Between 0.2 and 1.9 percent of children with 
COVID-19 require hospitalization, and 1 in 3 children hospitalized 
with COVID-19 in the United States are admitted to the intensive 
care unit.  (1) Mortality in children with critical disease has been 
reported to be 3.8%. (5,6)  

The CDC reports 412 COVID-related deaths in children 0-17 
years old in 2020 and 2021 through September 2, 2021.  (7) Child 
deaths due to COVID-19 are rare and generally occur in children 
with comorbidities. The most common reported comorbidities are 
chronic lung disease (including asthma), cardiovascular disease, 
and immune suppression. In studies from the United States, an 
underlying medical condition was noted in 77% of hospitalized 
children, in contrast with 12% of those not hospitalized.  (8)

Since mid-May 2020, the CDC has tracked case reports of MIS-C 
(children <21 years old), a rare but serious condition associated 
with COVID-19. As of August 27, 2021, there were 4661 total cas-
es of MIS-C and 41 deaths in children meeting the case definition.  
(9) The median age of patients with MIS-C is nine years. Half of 
the children with MIS-C are between the ages of 5 and 13 years. 
Sixty-two percent of the reported patients with race/ethnicity infor-

mation available occurred in Hispanic children or Latino (n=1,280) 
or Black, Non-Hispanic (n=1,077 cases). Ninety-nine percent of 
patients had a positive test result for SARS CoV-2. The remaining 
1% of patients had contact with someone with COVID-19. Sixty 
percent of reported patients were male. (9)  

Of 394 PICU  patients with Coronavirus Disease, 171 (43.4%) had 
MIS-C. Children with MIS-C were more likely younger (2–12 years 
vs adolescents; p < 0.01), Black (35.6% vs 21.9%; p < 0.01), more 
likely to present with fever/abdominal pain than cough/dyspnea (p 
< 0.01), and less likely to have comorbidities (33.3% vs 61.9%; p 
< 0.01) compared with those without MIS-C. Inflammatory marker 
levels, use of inotropes/vasopressors, corticosteroids, and anti-
coagulants were higher in MIS-C (p <0.01). Overall mortality was 
3.8% (15/394), with no difference in the two groups. Diagnosis of 
MIS-C in children was associated with a longer duration of hospi-
talization as compared to non-MIS-C in children (7.5 d [interquar-
tile range, 5–11] vs. 5.3 d [interquartile range, 3–11 d]; p < 0.01). 
(5)  

There are emerging reports of long COVID-19 in children. Symp-
toms range from cough and shortness of breath to fatigue, head-
ache, palpitations, chest pain, joint pain, physical limitations, 
depression, and insomnia. Data from the United Kingdom Coro-
navirus Infection Survey found that 13% of children under the age 
of 11 and 15% of children ages 12 to 16 years continued to have 
at least one symptom five weeks after testing positive for CO-
VID-19. (10)  

Mental health impact of impact on children

During the pandemic, parents with children ages 5-12 reported 
their children showed elevated symptoms of depression (4%), 
anxiety (6%), and psychological stress (9%); and experienced 
overall worsened mental or emotional health (22%). More than 
25% of high school students reported worsening emotional and 
cognitive health, and over 20% of parents with children ages 5-12 
reported similar worsening conditions for their children. (11)  

Relevant data with respect to the population of children in-
cluded in the BNT162b2 (Pfizer–BioNTech) trial

“BNT162b2 (Pfizer–BioNTech) is a Covid-19 vaccine containing 
nucleoside-modified messenger RNA encoding the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) spike glyco-
protein. In healthy adults, two 30-μg doses of BNT162b2 elicited 
high neutralizing titers and robust, antigen-specific CD4+ and 
CD8+ T-cell responses against SARS-CoV-2. In phase 2–3 part 
of an ongoing global clinical trial in people 16 years of age or 

“The lack of specificity of signs 
or symptoms and the significant 
proportion of asymptomatic infections 
make symptom-based screening for 
identification of SARS-CoV-2 in children 
particularly challenging. (2)”

“During the pandemic, parents with 
children ages 5-12 reported their 
children showed elevated symptoms 
of depression (4%), anxiety (6%), 
and psychological stress (9%); and 
experienced overall worsened mental or 
emotional health (22%).”



“As of July 16, 2021, approximately 
8.9 million US adolescents aged 12–17 
years had received the Pfizer-BioNTech 
COVID-19 vaccine.”
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older, BNT162b2 had a favorable safety profile characterized by 
transient mild-to-moderate injection-site pain, fatigue, and head-
ache and was 95% effective in preventing Covid-19 from 7 days 
after dose 2. Based on these findings, BNT162b2 received emer-
gency use authorization from the Food and Drug Administration 
(FDA) on December 11, 2020, for Covid-19 prevention in persons 
16 years of age or older. On May 10, 2021, the emergency use 
authorization was expanded to include persons 12 years of age or 
older based on data reported to the FDA.”  (12,13) On August 23, 
2021, the FDA approved the first COVID-19 vaccine. The Pfizer-
BioNTech COVID-19 Vaccine is approved to prevent COVID-19 
disease in individuals 16 years of age and older. The vaccine 
also continues to be available under emergency use authorization 
(EUA), including for individuals 12 through 15 years of age and for 
the administration of a third dose in certain immunocompromised 
individuals. (14)  

FDA Evaluation of Effectiveness Data

The effectiveness data to support the EUA in adolescents down 
to 12 years of age is based on immunogenicity and analysis of 
COVID-19 cases. The immune response to the vaccine in 190 
participants, 12 through 15 years of age, was compared to the 
immune response of 170 participants, 16 through 25 years of age. 
(13)   The immune response (based on Serum Neutralization As-
say) was greater in adolescents than in young adults. 

An analysis of cases of COVID-19 occurring among participants, 
12 through 15 years of age, seven days after the second dose 
was also conducted. In this analysis, among participants without 
evidence of prior infection with SARS-CoV-2, no cases of CO-
VID-19 occurred among 1,005 vaccine recipients, and 16 (1.6%) 
cases of COVID-19 occurred among 978 placebo recipients; the 
vaccine was 100% effective in preventing COVID-19. (12)  The 
observed vaccine efficacy was 100% (95% CI, 75.3 to 100). There 
are limited data to address whether the vaccine can prevent trans-
mission of the virus from person to person. At this time, data are 
not available to determine how long the vaccine will provide pro-
tection.

FDA Evaluation of Available Safety Data in Adolescence 12-
15 (13) 

Phase 1/2/3 of the Pfizer-BioNTech COVID-19 Vaccine trials have 
enrolled approximately 46,000 participants, including 2,260 par-
ticipants 12 through 15 years of age. Of 2,260, 1,131 adolescent 
participants received the vaccine, and 1,129 received a saline pla-
cebo. More than half of the participants were followed for safety 
for at least two months following the second dose.

Adverse events in children 12-15 years of age. 

Common side effects in the adolescent clinical trial participants 
were pain at the injection site, tiredness, headache, chills, muscle 
pain, fever, and joint pain. Symptoms typically lasted 1-3 days. 
More adolescents reported side effects after the second dose 
than after the first dose. 

Serious Adverse Events (SAEs) in children 12-15 years of age.

The frequency of SAEs was low among all participants; five seri-
ous adverse events (0.4%) were reported among vaccine recipi-
ents and two (0.2%) among placebo recipients, with no statisti-
cally significant difference in frequency observed between the two 
groups. None of the SAEs were considered related to the vaccine.

Ongoing Safety Monitoring

Pfizer Inc. and vaccination providers must report the following to 
the Vaccine Adverse Event Reporting System for Pfizer-BioNTech 
COVID-19 Vaccine: all vaccine administration errors, serious ad-
verse events, cases of MIS-C, and cases of COVID-19 that result 
in hospitalization or death.

As of July 16, 2021, approximately 8.9 million US adolescents 
aged 12–17 years had received the Pfizer-BioNTech COVID-19 
vaccine. 

Summary of population-based methods for identifying ad-
verse events in children who are eligible to receive a vaccine 
(15)  

There are two reporting systems. 

1. Vaccine Adverse Event Reporting System (VAERS) is a pas-
sive vaccine safety surveillance system comanaged by CDC 
and FDA that monitors adverse events after vaccination. Un-
der COVID-19 vaccine emergency use authorization require-
ments, health care providers must report certain adverse 
events after vaccination to VAERS, including death. VAERS 
reports are classified as serious if any of the following are re-
ported: hospitalization or prolongation of hospitalization, life-
threatening illness, permanent disability, congenital anomaly 
or birth defect, or death. Reports of serious adverse events 
receive follow-up to obtain additional information, including 
medical records; for reports of death, death certificates and 
autopsy reports are obtained, if available. CDC physicians 
reviewed available information for each decedent to form an 
impression about the cause of death.

2. V-Safe. The CDC established V-Safe, a voluntary smart-
phone-based active safety surveillance system, to monitor 
adverse events after COVID-19 vaccination. Adolescents 
who receive a COVID-19 vaccine are eligible to enroll in V-
Safe, through self-enrollment or as a dependent of a parent 
or guardian and receive scheduled text reminders about on-
line health surveys. Health surveys sent in the first week af-
ter vaccination include questions about local injection sites, 
systemic reactions, and health impacts. If a report indicated 
medical attention was sought, VAERS staff members con-
tacted the reporter and encouraged completion of a VAERS 
report, if indicated.

VAERS data summary adolescents aged 12–17 years (15) 

VAERS received and processed 9,246 reports of adverse events 
for adolescents aged 12–17 years who received the Pfizer-BioN-
Tech vaccine from December 14, 2020–July 16, 2021. Overall, 
8,383 (90.7%) VAERS reports were for non-serious events, and 
863 (9.3%) for serious events. Among the 863 serious conditions 
and diagnostic findings, the common reports were chest pain 
487/863 (56.4%), increased troponin levels 360/863 (41.7%), 



“The Vaccine Adverse Event Reporting 
System (VAERS) had received 1226 
(0.000038%) preliminary reports of 
myocarditis and pericarditis after about 
300 million doses of the Pfizer and 
Moderna vaccines up to June 11, 2021. 
There were 233 (0.006427%) cases of 
myocarditis or pericarditis after 3,625,574 
second doses administered to men aged 
18-24.”
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myocarditis 348/863 (40.3%), and increased c-reactive protein 
264/863 (30.6%). (15)  

CDC reviewed 14 reports of death after vaccination. Among the 
decedents, four were aged 12–15 years, and ten were aged 16–
17 years. CDC physicians reviewed all death reports; impressions 
regarding the cause of death were pulmonary embolism (two), 
suicide (two), intracranial hemorrhage (two), heart failure (one), 
hemophagocytic lymphohistiocytosis and disseminated Mycobac-
terium chelonae infection (one), and unknown or pending further 
records (six). No reports of death to VAERS were determined 
to be the result of myocarditis. Two cases of severe myocarditis 
have been reported in adults. (16)  

Limitation of VAERS

VAERS is a passive surveillance system and is subject to under-
reporting and reporting biases. Data in VAERS is not validated. 
The precise percent of the 8.9 million US adolescents aged 12–17 
years who received the Pfizer-BioNTech vaccine and subsequent-
ly had an SAE cannot be known because research quality data on 
each patient who receives a vaccine is not captured. The denomi-
nator used in the tables is not all vaccinated patients; instead, it is 
the 9,246 adolescents with adverse events who were reported to 
VAERS. The data reported above only describe the characteris-
tics and demographics of events. (14)  

V-Safe data summary adolescents aged 12–17 years (15) 

“During December 14, 2020–July 16, 2021, V-Safe enrolled 
66,350 adolescents aged 16–17 years who received the Pfizer-
BioNTech vaccine.”  (15) After the Pfizer-BioNTech vaccine was 
authorized for adolescents aged 12–15 years (beginning May 10, 
2021), V-Safe enrolled 62,709 adolescents in this age group. Less 
than 1% of adolescents aged 12–17 years required medical care 
in the week after receiving either dose; 56 adolescents (0.04%) 
were hospitalized.

Limitation of V-Safe

Approximately 129,000 US adolescents aged 12–17 years volun-
tarily enrolled in V-Safe after Pfizer-BioNTech vaccination. Volun-
tary reporting may represent a selected population who are willing 
to report health care data on themselves. Therefore, V-Safe data 
might not be generalizable to the overall vaccinated adolescent 
population. Rates of adverse events could be over-reported. It is 
reassuring that the CDC V-Safe reported local (63.4%) and sys-

temic (48.9%) reactions with a frequency similar to that reported 
in preauthorization clinical trials.

Adult and teen myocarditis/pericarditis reports

The Vaccine Adverse Event Reporting System (VAERS) had re-
ceived 1226 (0.000038%) preliminary reports of myocarditis and 
pericarditis after about 300 million doses of the Pfizer and Mod-
erna vaccines up to June 11, 2021. There were 233 (0.006427%) 
cases of myocarditis or pericarditis after 3,625,574 second doses 
administered to men aged 18-24. Based on population cohort 
studies, 2 to 25 cases would have been expected. After 5,237,262 
doses administered to women in this age group, 27 (0.000516%) 
cases were reported; 2 to 18 would have been predicted. A similar 
pattern of risk was seen in children 12-17 years old. (17)   The 
crude reporting rates of myocarditis or pericarditis decreased with 
increasing age as did the gender differences. 

In Israel, 275 (0.0055%) cases of myocarditis were reported be-
tween December 2020 and May 2021 among more than five mil-
lion vaccinated people. Most of the cases were in men aged 16-
19, usually after the second dose. In most cases, myocarditis took 
the form of a mild illness that lasted a few days. (18)  

The United States military administered more than 2.8 million 
doses of mRNA COVID-19 between January 1 and April 30, 
2021. Twenty-three male military members patients (median 
[range] age, 25 [20-51] years) presented with marked chest pain 
within four days after receipt of an mRNA COVID-19 vaccine. All 
were previously healthy and physically fit. Seven received the 
BNT162b2-mRNA vaccine (Pfizer–BioNTech), and 16 received 
the mRNA-1273 vaccine (Moderna). Twenty patients had symp-
tom onset following the second dose. Testing did not identify other 
etiologies for myocarditis, including acute COVID-19, infections, 
ischemic injury, or underlying autoimmune conditions. All patients 
received brief supportive care and were recovered or recovering 
at the time of this report. While the number of myocarditis cases 
was small, the number was higher than expected among male 
military members. (19)   

Joint statement on vaccines and myocarditis or pericarditis. (20)  

An exceedingly small number of people will experience myocar-
ditis or pericarditis after vaccination. Importantly, most cases are 
mild for the young people who do, and individuals often recover 
independently or with minimal treatment. Myocarditis and pericar-
ditis are more common if one gets COVID-19, and the risks to the 
heart from COVID-19 infection can be more severe.

Adult data on other serious adverse events

Anaphylaxis after COVID-19 vaccination is rare and occurred in 
approximately 2 to 5 people per million vaccinated in the United 
States based on events reported to VAERS. (21)   This kind of al-
lergic reaction almost always occurs within 30 minutes after vac-
cination.

Safety monitoring of the J&J/Janssen vaccine suggests a rare 
risk of a serious adverse event called “thrombosis with thrombo-
cytopenia syndrome (TTS),” which may be associated with the 
J&J/Janssen vaccine.  Most reports of this serious condition have 
been in adult women younger than 50 years old. It is estimated 
that one person in 318,750 vaccinated people is at risk for this 
disease. 

“As of June 30, 2021, approximately 141 million second mRNA 



“As of June 11, 2021, the FDA endorsed 
only the Pfizer-BioNTech vaccine for 
emergency use in 12- to 17-year-olds. 
Moderna applied Thursday, June 10, 
2021, for authorization for its shot in 
adolescents aged 12 to 15. No vaccine 
is authorized or approved for younger 
children.”

19NEONATOLOGY TODAYtwww.NeonatologyToday.nettSeptember 2021

COVID-19 vaccine doses had been administered in the United 
States to persons aged ≥18 years. Within VAERS, 497 reports 
of myocarditis after the second mRNA COVID-19 vaccine dose 
were received for persons aged ≥18 years. The reporting rate of 
myocarditis overall among adults was 3.5 cases per million sec-
ond doses of mRNA COVID-19 vaccine administered. In sub-
group analyses by age and sex, the reported rate was highest 
among males aged 18–29 years (24.3 cases per million mRNA 
COVID-19 vaccine second doses administered). (22)” 

CDC conclusion (23,24)  

The Advisory Committee on Immunization Practices conducted a 
risk-benefit assessment and continues to recommend the Pfizer-
BioNTech COVID-19 vaccine for all persons aged ≥12 years.

AAP recommendations (25) 

The AAP recommends COVID-19 vaccination for all children and 
adolescents 12 years of age and older who do not have contra-
indications using a COVID-19 vaccine authorized for use for their 
age.

After full approval of the Pfizer-BioNTech COVID-19 vaccine, the 
AAP released a statement strongly discouraging the off-label use 
of this vaccine in children 11 years old and younger. Clinical tri-
als for the COVID-19 vaccine in children ages 11 years old and 
younger are actively enrolling patients to evaluate the safety and 
efficacy of the COVID-19 vaccine in this age group. (26,27)  

Vaccines available as of August 23, 2021

As of June 11, 2021, the FDA endorsed only the Pfizer-BioNTech 
vaccine for emergency use in 12- to 17-year-olds. Moderna ap-
plied Thursday, June 10, 2021, for authorization for its shot in ado-
lescents aged 12 to 15. No vaccine is authorized or approved for 
younger children.

All linked websites were last accessed on September 11, 2021.
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