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Review article

Humanity has been suffering from the global severe acute 
respiratory syndrome coronavirus 2 pandemic that began 
late in 2019. In 2020, for the first time in history, new vaccine 
platforms—including mRNA vaccines and viral vector-based 
DNA vaccines—have been given emergency use authorization, 
leading to mass vaccinations. The purpose of this article is to 
review the currently most widely used coronavirus disease 2019 
vaccines, investigate their immunogenicity and efficacy data, 
and analyze the vaccine safety profiles that have been published, 
to date.
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Key message

· The number of coronavirus disease 2019 cases has exponen
tially increased worldwide, and children ≤19 years old account 
for 11.0% of all confirmed cases.

· mRNA vaccines, BNT162b2 and mRNA-1273, and adeno
viral vector vaccines, AZD1222 and Ad26.COV2.S, autho
rized for emergency use in the Emergency Use Listing of the 
World Health Organization are reviewed.

· Clinical trials of these vaccines have shown that they are safe 
and serious adverse reactions are rarely observed.

Introduction

As the number of coronavirus disease 2019 (COVID-19) cases 
caused by the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has exponentially increased worldwide, a global 
pandemic was declared on March 11, 2020. As of May 20, 
2021, the Korea Centers for Disease Control and Prevention 
reported 134,117 cumulative cases of COVID-19 and 1,916 
resulting deaths. Among these cases, a total of 15,449 children 
and adolescents 19 years old and below were confirmed with 
COVID-19, accounting for 11.5% of all confirmed cases.

In outbreaks of infectious disease pandemics, in order to 
decrease further transmission, several measures need to be 
enforced. First, contact with the virus must be reduced, and this 
can be achieved through social distancing. Second, the transmissi
bility of the virus needs to be decreased by wearing masks and 
practicing hand-hygiene. Third, the transmission period of the 
virus needs to be shortened, by isolating symptomatic individuals 
and tracing and quarantining their contacts. Finally, the number 
of susceptible persons within a population needs to be decreased 
by vaccinations.1-5)

In South Korea, the first 3 measures were implemented in the 
early days of the COVID-19 pandemic. However, the last step 
could not be implemented until a safe and effective vaccine was 
developed to prevent COVID-19 infections. As of March 15, 
2021, about one year after the global pandemic was declared, 
4 different vaccines were authorized for emergency use in the 
Emergency Use Listing (EUL) of the World Health Organization 
(WHO). Seven vaccines have been authorized for emergency 
use in several countries, and 81 vaccines are currently in clinical 
development.6)

This article will review the mechanism of the COVID-19 
vaccines authorized for emergency use to date, summarize the 
data of clinical trials of the vaccines, and report the safety and 
efficacy data of the vaccines. In addition, this review will cover 
considerations for the use of COVID-19 vaccines in children and 
adolescents.

Structure of SARS-CoV-2

SARS-CoV-2 is a bidirectional single-stranded RNA virus 
with a large (~100 nm in diameter) envelope, containing genes 
for structural and non-structural proteins.7,8) The spike pro
tein, a structurally glycosylated protein located on the outer 
surface of the virus, binds to angiotensin-converting enzyme 2 
receptors expressed on host cells mediating viral cell entry (Fig. 
1).9-11) This spike protein has become a key target for vaccine and 
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are non-self-replicating virus vector platform vaccines17,18)

Mechanism of action of RNA and viral vector 
vaccines

1. mRNA vaccine

RNA vaccine was the first type of vaccine authorized for 
emergent use to prevent COVID-19. BNT162b2 and mRNA-
1273 have a similar mechanism of action. RNA vaccines use 
messenger RNA (mRNA) that encodes the S gene for the spike 
protein.11,19,20) However, mRNA molecules are fragile, and are 
degraded by biological enzymes when they are injected directly 
into the human body. Therefore, mRNA molecules contained 
in the vaccines are enclosed in lipid membranes made of lipid 
nanoparticles (Fig. 2, right).21)

Once the vaccine is administered, the lipid nanoparticles bind 

therapeutics for its important role in SARS-CoV-2 infection.11,12) 
Most vaccines that are currently authorized for use target the 
spike protein to elicit an antibody response.13-16)

COVID-19 vaccine platform

There are 10 vaccine platforms for 81 vaccines that are 
currently in clinical development. Among them, the protein sub
unit platform accounts for 33% of the vaccines (n=27), followed 
by nonreplicating viral vector (15%, n=12), DNA (14%, n= 
11), inactivated virus (12%, n=10), and RNA (12%, n=10) 
platforms.6) Two of the 4 vaccines (BNT162b2 [Pfizer-BioNTech, 
New York, NY, USA] and mRNA-1273 [Moderna, Cambridge, 
MA, USA]) authorized for emergency use in the WHO EUL 
are RNA vaccines, while the other 2 (AZD1222 [AstraZeneca, 
Cambridge, UK] and Ad26.COV2.S [Janssen, Beerse, Belgium]) 

Graphic abstract. Summary of the 4 vaccines that have been authorized for emergency use 
in the Emergency Use Listing of the World Health Organization.
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Fig. 1. Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)’s spike protein structure and binding 
with the angiotensin-converting enzyme 2 (ACE2) receptor. (A) The structural glycosylated spike proteins 
located on the surface of the viral envelope (B) bind to the host cell receptor angiotensin-converting enzyme 2 
(ACE2) and mediate viral cell entry.
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to human cells, and mRNA is released into the cytoplasm of 
the cells through endocytosis. Cellular ribosomes and transfer 
RNA (tRNA) translate the codons of mRNA to produce spike 
proteins. The mRNAs are then destroyed by host cells and leave 
no permanent trace. The host cells present the spike proteins on 
their surface, which are recognized by antigen presenting cells 
(APC) such as macrophages and dendritic cells. These APCs 
absorb the spike protein antigen and break them down into 
peptides to present them on their surface. These peptides are 
then recognized by helper (CD4+) T cells to elicit an immune 
response. This leads to the recruitment of cytotoxic (CD8+) T 
cells that produce cytotoxins which destroy virus-infected cells 
(cell-mediated immunity), and B cells that produce antibodies 

which neutralize the SARS-CoV-2 (antibody-mediated immu
nity). Afterwards, memory B and T cells remain in the body 
to provide immune memory (Fig. 2, right).22,23) Because the 
fragile mRNA molecules rapidly degrade at room temperature, 
mRNA vaccines must be stored at extremely low temperatures 
to maintain its stability.

2. Viral vector vaccines

The 2 viral vector vaccines, AZD1222 and Ad26.COV2.S, 
are adenovirus vector-based. AZD1222 vaccine uses replication-
deficient simian adenovirus vector ChAdOx1.15,24) Ad26.
COV2.S vaccine uses replication-incompetent human adenovirus 
type 26 vector (Ad26).16)

Fig. 2. Nonreplicating viral vector vaccine and mRNA platform vaccine. (Left) Adenovirus vectors 
carry the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) spike protein gene, S 
gene. Upon administration, the virus binds and enters human cells. The DNA of the SARS-CoV-2 
S gene is injected into the cell nucleus, and is then transcribed into mRNA, which is then released 
into the cell's cytoplasm. The cell’s ribosomes and tRNA (transfer RNA) translate the mRNA and 
build spike proteins. (Right) The RNA vaccines use messenger RNA (mRNA) that encodes the spike 
protein’s genetic material, which are contained within oily shells made of lipid nanoparticles. After 
injection, the vaccine particles fuse to human cells and endocytosis occurs, releasing mRNA into 
the cell’s cytoplasm. The cell’s ribosomes and tRNA translate the mRNA and build spike proteins. 
(Common) The cells then present the spike proteins on their surfaces, which is then recognized 
by antigen presenting cells (APC) such as macrophages or dendritic cells. These APCs identify the 
spike protein antigens and activate an immune response, causing helper (CD4+) T cells to recruit B 
cells that create SARS-CoV-2 neutralizing antibodies, and cytotoxic (CD8+) T cells to produce and 
release cytotoxins. Memory B and T cells then remain in the body to provide immunological memory. 
Reproduced by permission from MD Edge, Understanding messenger RNA and other SARS-CoV-2 
vaccines (https://www.mdedge.com/hematology-oncology/article/233491/coronavirus-updates/
understanding-messenger-rna-and-other-sars, (Publish date: December 14, 2020).21) 
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In both vaccines, the adenovirus vector is designed to carry 
the S gene that encodes the spike protein. Upon administration, 
the virus binds to and enters human cells. The DNA of the S 
gene reaches the nucleus and is transcribed into mRNA to be 
released into the cytoplasm. Cellular ribosomes and tRNAs in 
the cytoplasm translate the codons of the mRNA to produce 
spike proteins. The cells then present the spike protein on their 
surface, and these are recognized by APCs to activate CD4+ and 
CD8+ T cell-mediated immune responses and memory (Fig. 
2, left).21,25,26) These viral vector vaccines are recommended to 
be transported and stored in 2°C–8°C, which are not as low as 
mRNA vaccines.

COVID-19 vaccine types

As of March 23, 2021, 4 vaccines have been authorized for 
use and registered on the WHO EUL: BNT162b2, mRNA-
1273, AZD1222, and Ad26.COV2.S. The immunogenicity and 
safety of the 4 vaccines were evaluated through phase 1/2 clinical 
trials, and vaccine efficacy and adverse events were assessed in 
phase 3 clinical trials by comparing vaccine and control groups 

of participants. Based on the outcome of the phase 3 clinical 
trial, Ad26.COV2.S was authorized for single administration. 
The other 3 vaccines were approved for the administration of 2 
doses (Table 1). All 4 vaccines are administered intramuscularly. 
The BNT162b2 vaccine has been authorized initially for ages 16 
years and older and later authorized for ages 12 years old and 
older on May 10, 2021, whereas the mRNA-1273, AZD1222, 
and Ad26.COV2.S have been authorized for those over 18 
years old. Prior to administration, the cold chain of the vaccines 
must be maintained from the manufacturing stage. As described 
above, mRNA vaccines (BNT162b2 and mRNA-1273) must be 
stored and distributed in low temperatures and cannot be stored 
at refrigeration temperature for long-term (Table 1).

Immunogenicity and efficacy of COVID-19 
vaccines

In January 2020, BioNTech initiated the development of the 
mRNA of SARS-CoV-2 spike protein. In March, a joint study 
with Pfizer was initiated, and phase 1/2 clinical studies were 
successfully started in April and May. The following 2 mRNAs 

Table 1. Technical summary of the current coronavirus disease 2019 vaccines

Vaccine name

BNT162b2 mRNA-1273 AZD1222 Ad26.COV2.S

Manufacturer Pfizer & BioNTech Moderna AstraZeneca Janssen (J&J)

Platform mRNA mRNA Viral vector (recombinant 
adenovirus, ChAdOx1)

Viral vector (human adenovirus 
serotype 26, Ad26)

No. of doses (schedule)
- Phase 3
- KDCA guidance

2-dose (21 days)
2-dose (21 days)

2-dose (28 day) 2-dose (28 day)
2-dose (8-12 wk)

1-dose

Route Intramuscular Intramuscular Intramuscular Intramuscular

Approved age ≥12 yr ≥18 yr ≥18 yr ≥18 yr

Cost per dose

US $19.50 $15.00 $4.00 $10.00

EU $14.76 $18.00 $2.19 $8.50

Administration conditions 2℃–25℃ (6 hr) Room temperature (6 hr) 2℃–8℃ (48 hr) Refrigerated (4℃–6℃ hr)

Transport conditions 2℃–8℃ (31 day)a) 2℃–8℃ (30 day) 2℃–8℃ (6 mo) 2℃–8℃ (3 mo)

Storage conditions -25℃ to -15℃ (2 wk)b)

-80℃ to -60℃ (6 mo)
-20℃ (6 mo) 2℃–8℃ (6 mo) -25℃ to -15℃ (24 mo)

Early, limited, or emergency use 
  (as of March 26, 2021)c)

Australia
Canada
EU
Iceland
Israel
Japan
South Korea
Switzerland
UK
U.S. FDA
WHO
etc.
(≥41 countries)

Canada
EU
Iceland
Israel
Switzerland
UK
U.S. FDA
WHO
etc.
(≥12 countries)

Australia
Canada
EU
Iceland
India
South Korea
UK 
WHO
etc.
(≥49 countries)

Canada
EU
Iceland
Switzerland
U.S. FDA
WHO
(≥8 countries)

a)Previously, vaccine vials were recommended to be stored in the refrigerator (2℃–8℃) for 5 days. b)Initially, only ultra-cold freezer storage (-80 to -60℃) was 
recommended. However, data showed that vaccine vials may be stored in -25℃ to -15℃ for up to 2 weeks before being stored in the refrigerator (2℃–8℃) for 
31 days. c)Alphabetic order.
KDCA, Korea Disease Control and Prevention Agency; US, United States; EU, European Union; UK, United Kingdom; WHO, World Health Organization; FDA, U.S. 
Food and Drug Administration.
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were included in the vaccines in phase 1/2 clinical studies: 
BNT162b1 (SARS-CoV-2 receptor-binding domain) and 
BNT162b2 (total length of SARS-CoV-2 spike protein). In the 
phase 1/2 clinical studies of 195 patients, both mRNA targets 
showed similar dose-dependent SARS-CoV-2 neutralizing anti
body geometric mean titers (GMTs). However, the severity and 
incidence of adverse reactions were lower in those vaccinated 
with BNT162b2. Thus, BNT162b2 was selected as the candidate 
for phase 2/3 clinical trials.13) The phase 3 clinical study of 
BNT162b2 was conducted in 43,438 participants aged 16 years 
and older in 6 different countries including the United States, 
Turkey, and Germany, and the efficacy and safety of the vaccine 
were evaluated and compared between vaccine (n=21,720) 
and control (n=21,728) groups. After 7 days from the second 
dose, the number of COVID-19 confirmed cases were assessed 
every 21 days. A total of 8 and 162 cases of COVID-19 were 

reported in the vaccine and control groups, respectively, and a 
vaccine efficacy of 95% (95% credible interval, 90.3–97.6) 
was reported.27) In December 2020, the emergency use of 
BNT162b2 vaccine was authorized in the United States (US), 
United Kingdom (UK), and by WHO leading to the start of mass 
vaccinations in the US and Europe (Table 2).

The second vaccine that gained authorization was also an 
mRNA vaccine, mRNA-1273. Its phase 1/2 clinical trial began 
in March-April 2020 through a collaboration between Moderna 
and the National Institutes of Health of the US. A total of 45 
participants were recruited and assigned to 3 groups with 
different vaccine doses (25 μg, 100 μg, or 250 μg) to assess the 
safety and immunogenicity of the vaccine. In all groups, the 
GMT of the dose-dependent SARS-CoV-2 neutralizing antibody 
was reached, and titers corresponding to ≥50% observed in the 
serum of COVID-19 confirmed patients were observed in all 

Table 2. Summary of characteristics of clinical trials of coronavirus disease 2019 vaccine and efficacy data

Vaccine name

BNT162b213,27) mRNA-127314,31) AZD122215,28,29) Ad26.COV2.S16,30)

Manufacturer Pfizer Moderna AstraZeneca Janssen (J&J)

Clinical trial (published data)

Phase 1/2 - Phase 1/2 (start: 2020.05)
  BNT162b1 and BNT162b2 

both induced anti-SARS-
CoV-2 immune responses

- BNT162b2 had less systemic 
reaction; therefore, was 
selected for phase 3 clinical 
trial

- Phase 1/2 (start: 2020.03)
  mRNA-1273 induced anti-

SARS-CoV-2 immune res
ponses in all participants

- No trial-limiting safety con
cerns

- Phase 1/2 (start: 2020.04)
- Neutralizing Ab response: 

After dose 1 - 91%, dose 2 
- 100%

- No serious adverse events 
related to ChAdOx1 nCOV-
19

- Phase 1/2a (start: 2020.07)
- Single dose seroconversion 

for S antibodies (by ELISA): 
Cohort 1a: 99%; cohort 3: 
100%

Phase 3 Phase 2/3 (start: 2020.07)
Country: US, Argentina, Brazil, 

South Africa, Germany, 
Turkey

N=43,548
21-day interval/2-dose

Phase 3 (start 2020.07)
Country: US
N=30,420
28-day interval/2-dose

Phase 2/3 (start 2020.04)
Country: UK, Brazil
N=23,848
 LD/SD (UK): n=2,741;
 SD/SD (UK): n=4,807; 
 SD/SD (Brazil): n=4088;

Country: UK (phase 1/2 & 
phase 3), Brazil (3), South 
Africa (1/2)

N=17,177
 SD/SD: n=14,379
 LD/SD (UK only): n=2,798

28-day interval/2-dose

Phase 3 ENSEMBLE (start 
2020.09-):

Country: Argentina, Brazil, 
Chile, Colombia, Mexico, 
Peru, South Africa, US

N=43,783
1-dose

Study type Observer-blinded placebo-
controlled

Observer-blinded placebo-
controlled

Blinded, randomized, con
trolled trials

Double-blinded placebo-con
trolled

Phase 3 trial inclusion ≥16 yr
>55 yr (42.2%)

≥18 yr
≥65 yr (24.8%)

≥18 yr
≥56 yr (12.2%)

≥18 yr
≥65 yr (19.6%)

Exclusion History of COVID-19
Treatment with immunosup

pressants
Immunocompromised

Known history of SARS-
CoV-2 infection

Pregnant
Breastfeeding
Treatment with immunosup

pressants
Immunocompromised

Severe and/or uncontrolled 
underlying disease

Pregnant
Breastfeeding

Pregnant
Immunocompromised
Previously received a COVID- 

19 vaccine
Allergies or history of anaphy

laxis or other serious ad
verse reaction to vaccines

Acute illness

Vaccine efficacy at pre
venting COVID-19

≥7 days after 2nd dose: 95% 
(95% CI*, 90.3%–97.6%)

≥14 days after 2nd dose (all 
symptomatic): 94.1% (95% 
CI, 89.3%–96.8%)

≥14 days after 2nd dose (all 
symptomatic): 70.4% (95% 
CI: 54.8%–80.6%)

≥14 days after single dose (all 
symptomatic): 66.9% (95% 
CI: 59.1%–73.4%)

Confirmed COVID-19 cases 
after last vaccination 
(endpoint) 

Vaccine group: n=8/18,198
Placebo group: n=162/18,325

Vaccine group: 11/14,134
Placebo group: 185/14,073

Vaccine group: 30/5807 
Control groupa): 101/5829

Vaccine group: 117/19,630
Placebo group: 351/19,691

ELISA, enzyme-linked immunosorbent assay; US, United States; UK, United Kingdom; CI, confidence interval; CI*, credible interval; LD, low dose; SD, standard 
dose.
a)Control group received meningococcal groups A, C, W, and Y conjugate vaccine or saline.
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groups. However, the incidence of adverse events was higher in 
the 250 μg group compared to other groups. Thus, 100 μg was 
selected as the dose for phase 3 clinical trial.14) A total of 30,420 
participants were recruited from 99 different institutions in the 
US for the phase 3 clinical trial, and the vaccine and control 
groups were compared in a 1:1 ratio. After 14 days from the 
second vaccination, newly confirmed COVID-19 cases were 
assessed every 28 days. A total of 11 and 185 cases of COVID-19 
were observed in the vaccine and control groups, respectively, 
and a vaccine efficacy of 94.1% (95% confidence interval [CI], 
89.3–96.8) was reported (Table 2).28)

A group of researchers at the Oxford University began 
studying simian adenovirus vectors in January 2020. In April 
2020, the development of a new COVID-19 vaccine was 
initiated in collaboration with AstraZeneca, and phase 1/2 
clinical trial was initiated in the UK. A total of 1,077 healthy 
adults were recruited to evaluate the safety and immunogenicity 
of the vaccine in the ChAdOx1 nCoV-19 vaccine group (n=543) 
and MenACWY control group (n=534). Microneutralization 
assay 80% (MNA80) was used, and 91% and 100% neutralizing 
antibody reaction were observed after the first and second doses, 
respectively. Thus, the ChAdOx1 nCoV-19 phase 3 clinical trials 
began.15) Participants were recruited from the UK (June), Brazil 
(June), and the US (September), and the results of the study in 
the UK and Brazil were published in January 2021. In the UK 
phase 3 clinical trial, a low dose (LD) (2.2×1010 viral particles) 
was administered accidentally for the first dose in some of the 
participant. Thus, those who received a LD of the vaccine for 
the first dose and a standard dose (SD) (5×1010 viral particles) 
for the second dose were analyzed separately. In other vaccine 
groups, SD were administered for both first and second doses, 
as in Brazil. As a result, data of 11,636 participants in the UK 
ChAdOx1 nCoV-19 (ADZ1222) LD/SD (n=2,741) and con
trol (n=1,374) groups, UK SD/SD (n=2,377) and control 
(n=2,430) groups, and Brazil SD/SD (n=2,063) and control 
(n=2025) groups were analyzed. After 14 days from the second 
vaccination, a total of 30 and 101 symptomatic COVID-19 cases 
were observed in the vaccine and control groups, respectively. 
The vaccine efficacy was 70.4% (95% CI, 54.8–80.6) regardless 
of the dose. Assessment of the efficacy per dose showed that the 
vaccine efficacy was 62.1% (95% CI, 41.0–75.7) in the SD/SD 
group and 90.0% (95% CI, 67.4–97.0) in LD/SD group (Table 
2).29) Afterwards, data of 17,178 participants from South Africa 
(vaccine group, n=8,597; control group, n=8,581), in a phase 
3 clinical trial were reported. The vaccine efficacy was 55.1% 
(95% CI, 33.0–69.9) in those who received a second dose within 
6 weeks after the first dose. In contrast, the vaccine efficacy was 
81.3% (95% CI, 60.3–91.2) in those who received the second 
dose 12 weeks after the first dose.30)

Johnson & Johnson (Janssen) also started developing a 
COVID-19 vaccine in January 2020, and a phase 1/2 clinical trial 
was initiated in July. A total of 805 participants were classified 
into 3 groups. In group 1 (18–55 years) and group 3 (over 65 
years), 5×1010 viral particles (LD) or 1×1011 viral particles 

(high dose) were administered once or twice, and the safety 
and immunogenicity of the vaccines were compared. A single 
vaccination led to a neutralizing antibody response in 90% of 
the vaccinated participants, and the neutralizing antibody titer 
remained stable and high until 71 days after vaccination.16) In 
this study, group 2 was evaluated for long-term immunogenicity, 
and this data has not been published. In the phase 3 clinical trial 
of the Ad26.COV2.S vaccine published on January 21, 2020, 
the interim data of 39,321 participants 18 years and older 
in countries including Brazil, the US, and South Africa were 
analyzed for the number of confirmed COVID-19 cases 14 days 
after the second dose, showing a vaccine efficacy of 66.9% (95% 
CI, 59.0–73.4) (Table 2).31)

Starting the second half of 2020, various mutant strains of 
SARS-CoV-2 have been circulating in the UK, South Africa, 
and Brazil, and there have been growing concerns regarding the 
spread of these mutant strains worldwide. The immunogenicity 
and efficacy of vaccines against these mutant strains are currently 
being assessed. Due to the changing viral molecular dynamics, 
real-world data on the effects of the vaccines warrant constant 
update as vaccines were rolled-out in communities throughout 
the world.

Safety of COVID-19 vaccines

In order to contain the global COVID-19 pandemic, it is 
important to increase the number of people with immunity to 
SARS-CoV-2 within a population. Because the entire global 
population is a candidate for the vaccine, the safety of vaccines 
must be assured. Solicited adverse events, serious adverse 
events, and deaths during phase 1/2 and 3 clinical trials of the 
4 authorized vaccines have been reported, and associations of 
these events with the vaccines have also been thoroughly assessed 
(Table 3). During the clinical trials, no vaccine-related deaths 
were reported, and a low rate of vaccine-related adverse events 
were observed, suggesting that all 4 vaccines are safe (Table 3).27-

29,32) Following the initiation of vaccinations around the world, 
Brighton collaboration, European Medicines Agency (EMA), 
the U.S. Food and Drug Administration (FDA), and the Korean 
Ministry of Food and Drug Safety have been and will continue 
to make great efforts to monitor vaccine safety and adverse 
reactions.

Cases of immune thrombotic thrombocytopenia were reported 
in March and April 2021 after vaccination with AZD1222 and 
Ad26.COV2.S, which are adenovirus vector vaccines.33-35) In 
particular, rare cases of cerebral venous sinus thrombosis (CVST) 
related to vaccination have been reported. According to EMA, 
as of April 4, 2021, 169 cases of CVST were reported after 
AZD1222 vaccination in countries of the European Economic 
Area and the UK.36) However, the number of thromboembolism 
cases that occurred after AZD1222 vaccination (1 per 250,000) 
was not greater than the number observed in the general 
population (1 per 100,000), and was lower than the number of 
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cases reported after an airplane flight (1 per 1,000). Therefore, 
the benefit of vaccination is considered to outweigh the risks.37-39) 
The Korea Disease Control and Prevention Agency also reported 
that Koreans aged 30 years and older would be estimated to 
have a higher risk of potential death or severe infection from 
COVID-19 than the risk of death from thromboembolism, 
which is extremely rare after AZD1222 vaccination. Therefore, 
since April 12, 2021, AZD1222 vaccination was started again in 
the general population age of 30 and above in Korea (Fig. 3).40) 
Ad26.COV2.S vaccination was also temporarily suspended in 
the US in order to assess the risks of thromboembolism related 
to the vaccine. However, on April 25, 2021, Ad26.COV2.S 
vaccination was resumed because benefits of Janssen COVID-19 
vaccination among persons aged ≥18 years outweighed the risks 
and reaffirmed the recommendation under FDA’s EUA with 
including a new warning for rare clotting events among women 
aged 18–49 years.41)

COVID-19 vaccine in children and adolescents

The ongoing and completed COVID-19 vaccine trials in 
children and adolescents are shown on Table 4. Currently, the 

mRNA-1273, AZD1222, and Ad26.COV2.S vaccines have 
been approved for use in those aged 18 years and older. The 
clinical trial of the BNT162b2 vaccination in 2,200 children 
between the age of 12 and 15 was completed in January 2021. 
Pfizer-BioNTech reported in March 2021 that the vaccine 
efficacy was 100% leading to the FDA authorization for emer
gency use in adolescents 12 through 15 years of age as of May 
10, 2021. Currently, Pfizer-BioNTech is recruiting children 
between the age of 6 months to 11 years for an ongoing phase 
1/2/3 clinical study.42,43) In February 2021, the clinical trial of 
the mRNA-1273 vaccination in 3,000 children aged 12–17 
years was completed, and on February 13, 2021, the phase 2/3 
clinical trial in children between the age of 6 months and 11 
years was started (KidCove study).44,45) The phase 2 clinical trial 
for AZD1222 in 300 children between the ages of 6–17 years 
old was started on February 13, 2021 but halted in April, and 
a clinical trial of Ad26.COV2.S in pediatric participants is being 
strategized.47)

As of 2020, the population under 20 years old make up 33.3% 
of the world’s population, 24.8% of the US population, and 
17.4% of the South Korean population.48) Most COVID-19 
cases in children and adolescents are asymptomatic and mild, 
and this raises the question of whether vaccinating children is 

Table 3. Safety and reported adverse events of coronavirus disease 2019 (COVID-19) vaccines from clinical trials

Vaccine name

BNT162b227) mRNA-127331) AZD122228) Ad26.COV2.S30)

Manufacturer Pfizer Moderna AstraZeneca Janssen (J&J)

Solicited adverse 
  events 

After 2nd dose:
1) 16–55 yr

Fever: 16 %
Fatigue: 59%
Headache 52%
Muscle pain: 37.3%
Joint pain: 21.9%

2) Over 55 yr
Fever: 11% 
Fatigue: 51% 
Headache: 39%
Muscle pain: 28.7%
Joint pain: 21.9%

After 2nd dose:
Fever: 15.7%
Headache: 58.9%
Fatigue: 65.7%
Myalgia: 58.0%
Arthralgia: 42.9%
Nausea/vomiting: 19.0%
Chills: 44.4%

After 2nd dose:a)

Feverish: 51%, 
Fever >38℃: 18%, >39℃: 2%
Headache: 68%
Fatigue: 70%
Myalgia: 60%

Fever: 9.0%
Fatigue: 38.2% 
Headache: 39.0%
Myalgia: 33.2%

Serious adverse 
  event 

Vaccine related:
1) Vaccine group (n=4): 
  (shoulder injury related to 

vaccine administration, n=1; 
right axillary lymphadeno
pathy, n=1; paroxysmal ven
tricular arrhythmia, n=1; 
right leg paresthesia, n=1)

2) Placebo group: NA
Deaths during trial: 

1) Vaccine group, n=2 (arterio
sclerosis, n=1; cardiac arrest, 
n=1)

2) Placebo group, n=4 (un
known cause, n=2; hemorrha
gic stroke, n=1; myocardial 
infarction, n=1). 

   a)No deaths related to the 
vaccine or placebo

Vaccine related:
1) Vaccine group, n=6 (NA)
2) Placebo group, n=4 (NA)

Deaths during trial: 
1) Vaccine group, n=2 (cardio

pulmonary arrest, n=1; 
suicide, n=1)

2) Placebo group, n=3 (intra-
abdominal perforation, n=1; 
cardiopulmonary arrest, n= 
1; severe systemic inflam
matory syndrome, n=1)

Vaccine related:
1) Vaccine group, n=2 (Trans

verse myelitis, n=1, Pyrexia 
>40.0℃, n=1)

2) Control group, n=1 (He
molytic anemia, n=1)

Deaths during trial: 
1) Vaccine group, n=1
2) Control group, n=3 (all vac

cine unrelated; road traffic 
accident, blunt force trauma, 
homicide, and fungal pneu
monia)

Vaccine related:
1) Vaccine group, n=7 (Guillain-

Barre syndrome, n=1; type IV 
hypersensitivity, n=1; Bell's 
Palsy, n=2; pericarditis, n=1; 
brachial radiculitis, n=1; post-
vaccination syndrome, n=1)

2) Placebo group, (DVT, n=1, 
EBV infection and atrial flut
ter, n=1)

Deaths during trial: 
1) Vaccine group, n=3 (lung ab

scess, non-COVID-19 pneu
monia, unknown cause)

2) Placebo group, n=16 (All 
study unrelated)

NA, not available;  DVT, deep vein thrombosis; EBV, Epstein-Barr virus.
a)AstraZeneca vaccine recipients were divided into 2 groups based on prophylactic paracetamol administration. The percentage are of patients not given 
paracetamol.
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necessary.49-54) There are certain expected benefits of vaccinating 
children with COVID-19 vaccines. Although rare, severe clinical 
courses of COVID-19 infections are observed in children and 
adolescents. Thus, severe diseases in high-risk children and 
adolescents can be prevented by inducing direct immunity to 
SARS-CoV-2.50) The case fatality rate of COVID-19 infection 
is significantly lower in children and adolescents compared to 
that of adults. However, in the US, 279 pediatric patients died 
of COVID-19 infection between May 21, 2020 and March 25, 
2021.55) In contrast, 188 pediatric patients died of influenza in 

2019–2020 influenza season, suggesting that the burden of 
COVID-19 in pediatric population should not be ignored.56) 
Additionally, vaccines may prevent multisystem inflammatory 
syndrome in children, which is presumed to be associated 
with COVID-19.57) The indirect benefit of vaccination is the 
formation of herd immunity. If only adults are vaccinated, 
COVID-19 outbreaks may continue in the population of 
unvaccinated children and adolescents. Because infections may 
spread from children and adolescents to the adults, restrictions on 
school and limitations on social activities of pediatric population 

A

B

Fig. 3. The potential benefits and harms of the AstraZeneca vaccine in the prevention of COVID-19 
related deaths (A) and serious illness (B). Modified from public health weekly report, PHWR, Vol. 14, 
No. 7, 2021. 

Table 4. Ongoing clinical trials of coronavirus disease 2019 (COVID-19) vaccines on children

Vaccine name

BNT162b242,43) mRNA-127344,45) AZD122246) Ad26.COV2.S47)

Manufacturer Pfizer Moderna AstraZeneca Janssen (J&J)

Ongoing/completed
   clinical trials on children

Phase 3: 
- Adolescents 12–15 yr
Phase 3 (finished) summary: 

N=2,260
Confirmed COVID-19 after 

last vaccination:
Vaccine group: n=18/1,129
Placebo group: n=0/1,131
Phase  1/2/3  (2021 .3- ) : 

recruiting 6 mo to 11 yr

Phase 2/3 (2021.2-): Recrui
ting adolescents 12–17 yr

Phase 2/3 (2021.3-): Recrui
ting children 6 mo to 11 yr

Phase 2 (2021.02-): recruit
ing children ≥6 yr

Phase 2a:
- Plans to include newborns 

and adolescents
- First, recruiting adolescents 

12–17 yr

https://doi.org/10.3345/cep.2020.01354
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may continue. Therefore, vaccinating children and adolescents 
may be necessary to effectively prevent the spread of COVID-19 
infections.58-60) In the US, with the ongoing COVID-19 vaccina
tions in adults together with schools reopening, the proportion 
of COVID-19 confirmed cases in children has increased from 
13.6% to nearly 21%.61) Therefore, in Korea, after the vaccine 
rollout, careful monitoring of the proportion of children 
confirmed with COVID-19 is important. However, safety 
issues are continuously reported since the initiation of large-
scale vaccinations using new platform vaccines during the first 
half of 2021, and many countries and government agencies are 
still revising vaccination plans for adults. Additionally, there are 
currently no data on the long-term effects of these new platform 
vaccines. Therefore, careful approach must be taken in the 
decision for vaccinating children and adolescents. Because they 
are at a low risk for severe COVID-19, there is still debate on 
whether the benefits of the COVID-19 vaccine outweight the 
risks in this population. Therefore, it is absolutely necessary to 
obtain safety data prior to the decision of vaccinating children 
and adolescents.

Conclusion

The efficacy of the 4 COVID-19 vaccines authorized for 
emergency use is BNT162b2 95% (95% credible interval, 90.3–
97.6), mRNA-1273 94.1% (95% CI, 89.3–96.8), ADZ1222 
70.4% (95% CI, 54.8–80.6), and Ad26.COV2.S 66.9% (95% 
CI, 59.1–73.4), suggesting that all these vaccines are efficacious. 
Clinical trials of these vaccines have shown that they are safe and 
that serious adverse reactions were rarely observed. The findings 
of the studies suggest that the benefits of the vaccines outweigh 
the risks.  As COVID-19 vaccines have been authorized for use, 
real-world data on their effectiveness are continuously being 
reported with vaccine rollout in the communities. Safety data 
of the vaccines in adults are being accumulated, and additional 
data in children and adolescents are currently being generated. 
Therefore, it is necessary to continue following up on the 
ongoing updates on COVID-19 vaccines from countries around 
the world that have begun vaccinations.
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