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1. INTRODUCTION 

 

The emergence of SARS-CoV-2 was the cause 

of acute respiratory infection known as COVID-19. The 

virus has spread rapidly around the world. The World 

Health Organization (WHO) estimated that there have 

been over 200 million infected patients and 4 million 

deaths worldwide. A joint report from the American 

Academy of Pediatrics and the US-based Children’s 

Hospital Association stated that the SARS-CoV-2 infec-

tion rate in children was 14.2% of the total COVID-19 

cases, and the mortality rate was 0.3%1. Most children 

infected with COVID-19 are asymptomatic or have mild 

symptoms. However, about 10% develop severe symptoms, 

need oxygen support, and are admitted to critical care 

units2. There is some evidence of an association between 

COVID-19 and multisystem inflammatory syndrome in 

children3. This phenomenon accounted for 1%-2% of the 

pediatric mortality rate4. Even though children infected 

with SARS-CoV-2 may be asymptomatic or have mild 

symptoms, they can still spread the virus to others, and 

they may develop multisystem inflammatory syndrome 

after the infection. Vaccination is the hope for reducing 

the rates of infection, transmission, and mortality. At 

present, many laboratories are developing SARS-CoV-2 

vaccines. However, most of the studies on their protec-

tive efficacies, immunogenicities, and safety profiles were 

conducted on adults. There is still limited information 

relating to the pediatric population. Therefore, this article 

is a compilation of the published studies addressing the 

efficacy and safety of the use of SARS-CoV-2 vaccines 

in children. We searched PubMed and Google Scholar 

for information on platforms SARS-CoV-2 vaccines, and 

clinical studies on the effectiveness and safety of SARS-

CoV-2 vaccines in pediatrics. We also reviewed ongoing 

trials listed in clinicaltrial.gov as well as the latest infor-

mation on approved emergency usage available from the 

U.S. Centers for Disease Control and Prevention, WHO, 

and news sources. 
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ABSTRACT 
 

To date, COVID-19 has infected more than 200 million people worldwide, with 4 million having died 

because of it. The infection rate among pediatrics was 14.2% of the total COVID-19 cases. One of the effective 

tools for stopping this pandemic is the provision of SARS-CoV-2 immunity via vaccination. Many platforms have 

been developed in efforts to make the best SARS-CoV-2 vaccine. Most clinical studies confirmed their safety and 

efficacy in adults. However, we cannot guarantee that the immunogenicity and safety results of vaccines against 

SARS-CoV-2 in adults are the same for children. There are only 3 studies on the use of SARS-CoV-2 vaccines in 

children. Two mRNA-based vaccines have been approved for emergency use in children aged 12 years or older. 

The Pfizer-BioNTech COVID-19 vaccine, an mRNA-based vaccine, was the first COVID-19 vaccine authorized 

by the U.S. Food and Drug Administration for the prevention of COVID-19 disease in people aged 16 and older. 

In addition, 2 inactivated vaccines have been approved for use on children as young as 3 years of age. To date, 4 

SARS-CoV-2 vaccines have been approved for use in children. However, data on the efficacy and safety of SARS-

CoV-2 vaccines in children under 12 years of age are scarce. Studies on the long-term safety of the use of these 

vaccines in children is urgently needed. 
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2. PLATFORMS FOR SARS-CoV-2 VACCINES 

 

When viruses invade the human body, the 

immune system produces several substances to fight off 

infection. The innate immune response to a SARS-CoV-2 

infection involves an increase in neutrophils, serum 

interleukin 6 (IL-6), and C-reactive protein, as well as a 

reduction in lymphocytes. Researchers found that the 

degrees of the increase in the neutrophil numbers and 

of the reduction in the lymphocyte levels correlated 

with the severity of COVID-19 and death. Moreover, 

intensive care unit patients had high plasma levels         

of many innate cytokines, interferon gamma-induced 

protein 10 (IP-10), monocyte chemoattractant protein 1 

(MCP1), macrophage inflammatory protein-1alpha 

(MIP-1A), and Tumor necrosis factor α (TNFα). Type I 

interferons produced by the innate immune system are 

effective mediators against viral infection, in that they 

control viral replication and induce an effective adaptive 

immune response5. Understanding the adaptive immune 

response of the human body to SARS-CoV-2 can help us 

produce vaccines to prevent infection. 

In viral-infected patients, the T-cell dependent 

pathway stimulates the production of memory B cells. 

Research on the humoral immune response of patients 

with severe acute respiratory syndrome (SARS) found 

that the SARS-CoV infection induced seroconversion 

around 4-14 days after onset of the disease6. This con-

trasted with the 2-3 week period for seroconversion for 

Middle East respiratory syndrome coronavirus (MERS-

CoV) infections7. Specific IgG and neutralizing anti-

bodies are reported as long as 2 years after a coronavirus 

infection. A preliminary serological study of SARS-CoV-2 

found 1 patient whose specific IgM response peaked on 

Day 9 after disease onset and switch to specific IgG 

response peaked on Day 148. Other research on the T-cell 

response to a SARS-CoV infection found that a strong 

response was significantly correlated with higher levels 

of neutralizing antibodies9. Most responses (70%) were 

found against the structural proteins (spike, envelope, 

membrane, and nucleocapsid)10. Many strategies were 

used to develop a SARS-CoV-2 vaccine based on a 

coronavirus vaccine which shares a high genetic 

similarity with SARS-CoV-2. The surface-exposed spike 

glycoprotein (or S protein) that swells outside the virion 

was the major target for the induction of neutralizing 

antibodies. The S protein molecule contains two 

subunits: S1 and S2. The S1 subunit has an S1-receptor-

binding domain that interacts with the SARS-CoV-2 

host-cell receptor, angiotensin-converting enzyme 2. 

The S2 subunit mediates fusion between the virus and 

host cell membranes, thereby releasing viral RNA into 

the cytoplasm for replication. Consequently, S-protein 

based vaccines should induce antibodies that block both 

viral receptor binding and virus genome uncoating11. 

To  date,  many  platforms  for  SARS-CoV-2 

vaccines have been developed and studied in clinical 

trials8,12-13. 

 

2.1. Inactivated pathogen vaccines 

 

Whole viral pathogens that have been heated 

or inactivated by chemical treatment were introduced 

into the body. Hence, the immune response is directed 

against both the spike protein and many other SARS-

CoV-2 antigens. In other words, the dead antigens are 

used to produce antibodies which can fight the virus in 

future attacks. 

The inactivated SARS-CoV-2 vaccines that 

are in Phase III trials and already approved for limited 

use by WHO are CoronaVac by Sinovac Biotech, and 

BBIBP-CorV by Sinopharm. Another inactivated vac-

cine is currently being considered for WHO Emergency 

Use Listing: Covaxin (BBV 152), by Bharat Biotech. 

The most common adverse reactions observed with 

inactivated SARS-CoV-2 vaccines were injection-site 

pain and fever. Both effects were mild and self-limiting. 

 

2.2. Subunit vaccines 

 

Subunit vaccines are prepared by purifying 

pathogenic viral antigen replicated in cell cultures or 

antigen recombinant. These vaccines commonly require 

the addition of adjuvant in order to be uptaken by 

antigen-presenting cells and stimulate adaptive immune 

responses. Two types of subunit vaccine are in the 

process of being developed as SARS-CoV-2 vaccines. 

 

2.2.1. Protein subunit vaccines 

 

Protein subunit vaccines can induce antibody-

mediated immunity with a weak induction of the T-cell 

response. This type of vaccine usually needs adjuvants 

to boost the immune response and increase vaccine 

efficacy. One candidate for a SARS-CoV-2 protein 

subunit vaccine is NVX-CoV2373. It is a full-length 

recombinant SARS-CoV-2 glycoprotein nanoparticle 

vaccine adjuvanted with Matrix M. It is presently 

undergoing phase 3 clinical trials. 

 

2.2.2. Virus-like particle vaccines 

 

Virus-like particles (VLP) are designed to 

mimic the virus structure. They can therefore trigger 

strong immune responses against the antigens presented 

on their surface. Due to the lack of a pathogen gene, their 

safety profile is good. One virus-like particle candidate 

for SARS-CoV-2 is Co-VLP. Developed by the Canadian-

based Medicago Inc., it was made from spike protein 

aggregates in the form of virus-like particles, plus a 

GSK adjuvant. Co-VLP is undergoing phase 3 clinical 

trials. 
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At the time of writing of this article, no protein 

subunit or virus-like particle SARS-CoV-2 vaccines had 

been approved by WHO. 

 

2.3. Viral vector vaccines 

 

Viral vector vaccines are made by inserting 

viral DNA into nonpathogenic adenovirus. Adenovirus 

vectors carry a DNA sequence that codes the full-length 

spike protein of SARS-CoV-2. The vectors present 

antigenic proteins to lymphocytes, which triggers the 

immune response. 

There are many candidates viral-vector-based 

SARS-CoV-2 vaccines. However, as at the time of this 

review, only 2 vaccines were approved by the U.S. Food 

and Drug Administration for emergency use in the 

COVID-19 pandemic. Thromboembolic events have 

been reported for each vaccine. These may be related to 

adenovirus-platelet-leukocyte complexes formed after 

vaccination. 

 

2.3.1. AZD1222 (ChAdOx1 nCoV-19) 

 

This vaccine is composed of a replication-

deficient chimpanzee adenoviral vector, ChAdOx1. It 

contains the full-length the of SARS-CoV-2 structural 

surface glycoprotein, with a tissue plasminogen activator 

leader sequence. It was jointly developed by the Oxford 

Vaccine Group and AstraZeneca. Adults older than 55 

years can better tolerate this vaccine than younger adults. 

 

2.3.2. JNJ-78436735 (Ad26.COV2.S) 

 

This monovalent vaccine is composed of a 

recombinant, replication, incompetent human adeno-

virus serotype 26 (Ad26) vector that encodes the SARS-

CoV-2 virus spike protein. It was developed by Johnson 

& Johnson. 

 

2.4. Nucleic acid vaccines 

 

A new approach to human vaccine develop-

ment is the use of nucleic acid platforms that encode 

pathogen antigen. Once nucleic vaccines enter the human 

body, they create some of the virus’s molecules. Nucleic 

vaccines are strong inducers. They stimulate not only T 

cell and B cell responses, but also the innate immune 

response. Nonetheless, DNA and mRNA are made from 

different steps of the production process, and they have 

different stabilities. 

 

2.4.1. DNA vaccines 

 

No DNA vaccines are currently approved for 

use in humans. However, they are currently used in 

veterinary fields, such as vaccines against West Nile 

Virus in horses. As to a DNA vaccine against SARS-

CoV-2, the DNA circle containing the spike protein gene 

of the virus enters a nucleus and translates into mRNA. 

In turn, the mRNA translates into the SARS-CoV-2 spike 

protein, which presents on cell membranes. 

 

2.4.2. RNA vaccines 

 

Unlike a DNA vaccine, mRNA molecules need 

a good carrier to enable them to reach cytoplasmic or 

endoplasmic reticulum ribosomes in order to be trans-

lated into protein. The induction of the immune response 

is similar to that for a DNA vaccine. 

The weak point of mRNA molecules is that 

their long-term storage requires very low temperatures. 

To deal with this problem, mRNA vaccines may add 

specific mutations and have stabilizing chemical modifi-

cations. Currently, 2 mRNA vaccines have been approved 

for use: mRNA-1273 and BNT162b2. There have been 

reports of myocarditis and pericarditis developing after 

the use of mRNA vaccines. These reactions tend to occur 

in young males (aged 18-24 years), and more usually 

after the second than the first dose. Nevertheless, the 

side effects are rare. They typically occur within 4 days 

of vaccination, but there have been longer periods in a 

few cases. 

 

3. SARS-CoV-2 VACCINES FOR PEDIATRICS 

 

The COVID-19 pandemic has effectively 

obliged all countries around the world to implement 

vaccination programs for their adult populations. 

However, there is a different situation for children and 

adolescents. Children can be divided into 2 groups: those 

aged 12 years or more, and younger children. In the case 

of the first group, the U.S. Centers for Disease Control 

and Prevention (CDC) and the American Academy of 

Pediatrics (AAP) recommend the administration of a 

SARS-CoV-2 vaccination for all children except those 

with contraindications. The organizations also advise 

that the children may be given a SARS-CoV-2 vaccine 

with other vaccines at the same visit, in other words, 

without a 14 days waiting period between the different 

vaccines14-15. 

In the case of children younger than 12 years, 

however, neither the CDC nor the AAP recommend that 

SARS-CoV-2 vaccines be given. This is because only 

limited clinical studies on the safety and efficacy of    

the vaccines are presently available. There are therefore 

many concerns, such as the influence of immune matu-

ration and response, ethical issues, and the safety profile 

of SARS-CoV-2 vaccines16. Nonetheless, both China 

and the United Arab Emirates (UAE) have approved   

the use of inactivated SARS-CoV-2 vaccines in children 

younger than 12 years. These two countries will soon 

begin to provide these vaccines for children aged from 
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3 to 17 years. To date, 4 SARS-CoV-2 vaccines have been 

approved for use in children (Table 1). 

BNT162b2 (Pfizer-BioNTech) was the first 

SARS-CoV-2 vaccine approved by the U.S. Food and 

Drug Administration and the European Medicines 

Agency for use in children older than 12 years. The 

approval was given on May 10, 2021. This lipid-based, 

nucleoside-modified mRNA vaccine encodes the tri-

merized receptor-binder spike glycoprotein of SARS-

CoV-2. A clinical study of the vaccine’s safety, immu-

nogenicity, and efficacy in adolescents was conducted 

October 2020-January 2021. In all, 2260 healthy adoles-

cents (aged 12-15 years) were randomly given BNT162b2 

or a placebo. The results indicated that adolescents 

receiving 2 intramuscular injections of BNT162b2 (30 

mcg) 21 days apart experienced the same side effects 

as young adults (aged 16-25 years). The most common 

were pain at the injection site, fatigue, headache, 

muscle pain, and fever. The reactions were usually mild 

to moderate, and they typically improved within a few 

days. One month after receiving Dose 2 of BNT162b2, 

the geometric mean 50% neutralizing titer in adolescents 

was 1239.5, which was greater than the corresponding 

value for the young adults (705.1). The study also found 

that the BNT162b2 vaccine had an efficacy of 100% 

against COVID-19 more than 7 days after the adolescents 

had received the second dose24. 

Subsequent to the approval of the BNT162b2 

vaccine, approximately six million doses have been 

administered in pediatrics aged 12 to 15 years. Safety 

studies have reported that the most common adverse 

events were pain at the injection site, fatigue, headache, 

myalgia, fever, nausea, and chills25. There were also case 

reports of myocarditis/pericarditis developing within    

4 days of the second dose of BNT162b2 being given     

to seven 14 to 19-year-old male adolescents. All 7 

presented with chest pain, elevated troponin enzyme 

levels, and abnormal electrocardiogram, but no evidence 

of an acute SARS-CoV-2 infection. Six of the patients 

were treated with a nonsteroidal anti-inflammatory 

drug. Four of the patients were treated with intravenous 

immunoglobulin and oral prednisone; one of those four 

also received high-dose methylprednisolone26. 

Shimabukuro examined the preliminary crude 

reporting rates of myocarditis and pericarditis following 

the administration of the BNT162b2 vaccine to 12 to 17-

year-olds. The analysis revealed that the overall rates  

of the diseases at all doses was 18.1 cases per million 

doses. Moreover, higher rates of myocarditis and peri-

carditis were found in males than females. Most cases 

occurred after the administration of the second dose of 

the BNT162b2 vaccine25. 

The mRNA-1273 vaccine (known as Moderna 

COVID‑19 vaccine) has been approved for use in Euro-

pean pediatrics aged 12 years or older. It was approved 

for emergency use by the European Medicines Agency 

on July 23, 2021. This lipid-encapsulated, mRNA-based 

vaccine encodes a prefusion-stabilized form of full-length 

spike glycoprotein, S2P. In research on the use of mRNA- 
1273 in 3732 healthy adolescents (aged 12-17 years),  
the vaccine demonstrated high efficacy in preventing 

COVID-19 and an acceptable safety profile. That study 

commenced in December 2020 and is still ongoing. The 

investigation found that the common side effects were 

pain at the injection site, headache, fatigue, chills, and 

fever. Those reactions mostly occurred after the second 

dose. They were also usually mild to moderate, typically 

improving in a few days. One month after receiving 

Dose 2 of the mRNA-1273 vaccine, the geometric mean 

50% neutralizing antibody titer for 12 to 17-year-old 

children was 1401.7. However, there was no significant 

difference   from  the  corresponding  value  (1301)  for 

 
Table 1. Current status of SARS-CoV-2 vaccines approved for emergency use in pediatric populations (updated on September 30, 2021) (17–23). 

 

Vaccine platform Type of vaccine Regimen Sponsor Approved age range Status 

RNA-based 

vaccine 

BNT162b2 2 doses, 

3 weeks apart 

BioNTech SE, Pfizer ≥12 years of age - Approved by FDA on May 

10, 2021 

- Fully approved by FDA on 

August 23, 2021 in people 

16 years of age and older. 

- Approved by EMA on May 

28, 2021 

mRNA-1273 2 doses, 

4 weeks apart 

Moderna TX, Inc. ≥12 years of age - Approved by EMA on July 

23, 2021 

Inactivated 

vaccine 

Inactivated SARS-

CoV-2 vaccine 

2 doses, 

4 weeks apart 

Sinovac Biotech Co., 

Ltd. 

 

3-17 years of age - Approved by China in June 

2021 

- Approved by Chile in Sep-

tember 2021 (6 year old chil-

dren and older) 

Inactivated SARS-

CoV-2 vaccine  

(Vero cell) 

2 doses, 

3 weeks apart 

Beijing Institute of 

Biological Products 

(BIBP), Sinopharm 

3-17 years of age - Approved by China in July 

2021 

- Approved by United Arab 

Emirates in August 2021 
 

EMA, European Medicine Agency; FDA, U.S. Food and Drug Administration 
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adults aged 18 to 25 years. An interim analysis of the 

research findings reported an efficacy of 93.3% for the 

mRNA-1273 vaccine 14 days after the 12 to 17-year-old 

adolescents received their second injection27. 

The CoronaVac clinical study investigated the 

use of SARS-CoV-2 vaccines in pediatrics younger than 

12 years of age. This double-blind, randomized, con-

trolled, phase 1/2 clinical trial enrolled healthy children 

and adolescents aged 3 to 17 years in China. CoronaVac 

is an inactivated SARS-CoV-2 vaccine created from 

African green monkey kidney cells and inactivated  

with β-propiolactone. Aluminum hydroxide was added 

as an adjuvant. The research was conducted October 

2020-December 2020. The participants were randomly 

assigned vaccine doses of 1.5 mcg and 3.0 mcg in 0.5 mL 

of aluminum hydroxide, and a placebo (aluminum 

hydroxide only). It was found that the neutralizing 

antibody titers for the 3.0 mcg dose were higher than 

those for the 1.5 mcg dose. The most common side 

effect was injection site pain and fever. Most adverse 

reactions occurred within 7 days and resolved within 

48 hours28. 

Another clinical study examined the efficacy 

and safety of an inactivated SARS-CoV-2 vaccine, Sino-

pharm, developed by the Beijing Institute of Biological 

Products. However, the research results were not available 

at the time of writing. 

There are many ongoing SARS-CoV-2 vaccine 

trials in pediatrics (Table 2). 

 

4. CONCLUSIONS 

 

Information on the safety and efficacy of 

SARS-CoV-2 vaccines for the pediatric population is 

still limited. Only 4 SARS-CoV-2 vaccines have been 

approved for use with pediatrics. According to the 

current research data, the youngest age approved for 

SARS-CoV-2 vaccinations is 3 years. The 2 vaccines 

that have been approved, Sinovac and Sinopharm, use 

an inactivated-pathogen platform. However, to date, 

only China and the United Arab Emirates have given 

emergency-use approval to the use of the 2 vaccines in 

children aged 3 years or older. The U.S. Food and Drug 

Administration has authorized an emergency use of the 

vaccine BNT162b2 in children aged 12 to 15, and it has 

been fully approved for the prevention of COVID-19 

disease in people aged 16 and older. Both BNT162b2 

and mRNA-1273 have been approved for emergency use 

in children aged more than 12 years by the Committee 

for Medicinal Products for Human Use of the European 

Medicines Agency. Technically, BNT162b2 and mRNA- 

1273 are mRNA-based vaccines; they must therefore be 

closely monitored, and further information on their 

long-term efficacy and safety is needed. 

As to the other vaccine platforms, there are 

many  ongoing  clinical  trials  examining   their  efficacy 

and safety for the pediatric population. 
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