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ABSTRACT

As of March 2021, humanity has been suffering from the global severe acute respiratory
syndrome coronavirus 2 pandemic that began late 2019. In 2020, new vaccine platforms—
including mRNA vaccines and viral vector-based DNA vaccines—have been given emergency
use authorization (EUA), leading to rolling out the vaccines for global mass vaccinations.
The purpose of this article is to review the currently most widely used coronavirus disease
2019 vaccines: their action mechanisms and efficacy and safety data from clinical trials that
have been published to date. In addition, the current status of clinical trials in the pediatric
population was summarized, and further consideration for them was discussed.
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Fig. 1. SARS-CoV-2's spike protein structure and binding with the ACE2 receptor. (A) The structural glycosylated
S proteins located on the surface of the viral envelope; (B) Bind to the host cell receptor ACE2 and mediate viral
cell entry.

Abbreviations: ACE2, angiotensin converting enzyme 2; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2.
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Virus Vector DNA and mRNA Vaccines

Replication-Defective
Virus Vector DNA MRNA Vaccine
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Fig. 2. Non-replicating viral vector vaccine and mRNA platform vaccine. (Left) Adenovirus vectors carry the SARS-CoV-2 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 then releases into
the cell's cytoplasm. The cell's ribosomes and tRNA translate the mRNA and build spike proteins. (Right) The RNA vaccines use mRNA which encode 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 APCs such as macrophages or dendritic cells. These APCs identify the spike protein
antigens and activate an immune response causing helper (CD4+) T-cells which recruitment of B cells that create SARS-CoV-2 neutralizing antibodies, and
cytotoxic (CD8+) T cells which produce and release cytotoxins. Memory B and T cells then remain in the body to provide immunological memory.

Reproduced by permission from MD Edge.”

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; APC, antigen presenting cell.
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£ 2oL EE AAIE QAT WAl o] A] Hio| 2] A AbR AllaEo]] Adtsto] Qto & o7t
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4. COVID-19 dijlo] 52

2021 3¥ 23 7] WHOS| 1 GAH-HEof SA% o] UL ARgo] &QlE WAl oh
47§9] "l Alo]t}: BNT162b2, mRNA1273, AZD12222} Ad26.COV2.S 47}A] HIAl. & Q
127 A5 &l @4l e] U (immunogenicity) 1} HH A (safety)] H7He| AL

events)©| ZRVE| QAT A4 3/ A A2t Ad26.cOv2.8 B4 13] HF YA o] 7F55k3l L,

L] 3
st A7k HF S7He A2
9} Ad26.COV2.8 HIAI-2 18A4] o]Ato|t},

Table 1. Technical summary of current COVID-19 vaccines

% 90228 3 U0 2 571 Ak (Table). 4F2) WA WE TRFAZ HF

BNT162b2 B8 412] 742 16A1] 0]/, mRNA-1273, AZD1222

AL A2 GARE Aol A HEEH 717 =
A Q1 (cold chain)o] -2 = = 2l o] T3kt ehr] g et Hie} Zo] mRNA 2412 mRNA &
Ao} # obd wi ol BNT162b22F mRNA1273 Ml Al BLF Bt f8 2wt dton e s
ol Al 717t Hfko] E7}5-5}Tt (Table 1).

Vaccine name BNT162b2 MRNA-1273 AZD1222 Ad26.COV2.S
Manufacturer Pfizer-BioNTech Moderna AstraZeneca Johnson & Johnson's Janssen
Platform mRNA mRNA Viral vector (recombinant Viral vector (human adenovirus

No. of doses (schedule)
Phase IlI
KDCA guidance
Route
Approved age (yr)
Cost per dose
us
E.U.
Administration conditions
Transport conditions

Storage conditions
Early, limited, or
emergency use (as of
March 26, 2021)*

2-dose (21 days)
2-dose (21 days)
Intramuscular
216

$19.50
$14.76
2t0 25°C (6 hr)
2to 8°C (5 days)
-95 to -15°C (2 wk)

-80 to -60°C (6 mon)
Australia, Canada, E.U.,
Iceland, Israel, Japan, South
Korea, Switzerland, United
Kingdom, US FDA, WHO, etc.
(>41 countries)

2-dose (28 days)

Intramuscular
218

$15.00
$18.00
Room temperature (6 hr)
2 to 8°C (30 days)

-20°C (6 mon)

Canada, E.U., Iceland, Israel,
Switzerland, United Kingdom,

US FDA, WHO, etc.
(>12 countries)

adenovirus, ChAdOx1)

2-dose (28 days)
2-dose (8 to 12 wk)
Intramuscular
>18

$4.00
$2.19
210 8°C (48 hr)
2to 8°C (6 mon)

2to 8°C (6 mon)
Australia, Canada, E.U.,

Iceland, India, South Korea,
United Kingdom, WHO, etc.

(249 countries)

serotype 26, Ad26)
1-dose

Intramuscular
218

$10.00
$8.50
Refrigerated (4 to 6 hr)
2to 8°C (3 mon)

-25 to -15°C (24 mon)
Canada, E.U., Iceland,
Switzerland, US FDA, WHO
(>8 countries)

Abbreviations: COVID-19, coronavirus disease 2019; KDCA, Korea Disease Control and Prevention Agency; WHO, World Health Organization; FDA, Food and Drug

Administration.
*Alphabetic order.
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5. COVID-19 W4lo| HAY M &S

20201 19, =Y 3] A} BioNTechOl| A SARS-Cov-2 Auko] 3 Tl 2] o] mrNA 7HEho] Al ZHE] 9
1, 30| izer®t 35 AT FEE et A 450 D124 ATE B3 H =2 N
AlISHA =] et A/ 17278 Aol A] B4l Qtoll & mRNAE ths & 7FHA ST BNT162b1
(SARS-CoV-2 5&A|-Z =M Q] receptor-binding domain)¥} BNT162b2 (SARS-CoV-2 21}
o] =9 XA Zol). F 195782 2= 7t A/ 127 Aol Al = mRNA target 27 H| &
oF o] 25F 2= % (dose-dependent) SARS-CoV-2 Z3tIA A7 7]5+4H w (geometric
mean titer, GMT)°l| =25 21, o]/dwh-g-2] T35 ot o] Hhg 4] H|E-0] BNT162b2
HEFo|A o Wt7] wl&oll BNT162b27F UAF 234 113 wiAl SRt MAE it s)
BNT162b29] 4 3% At 1=, B17], 55L& 233 67H=oll A 164 01/ 43,4488
iAo 2 XY= 913, BNT162b2 - (n=21,720) 2} th 7t (n=21,728)°l| A B A1 9] ok A w}
a5ol tish B7FshAth 219 7H4 0 2 23] JF S 7Y o] A2 o] = coviD19 &7 A&
ol AL, Hi Al FLof| A 87, T 2ol A 1627 O 2 HHAl § 55 95% (95% credible interval,
90.3-97.6) = E 116}t 2020 12, A=, =1} WHOOI| A BNT162b2 B4l 9] 715521
o] g &]o] ul= 2} {-Holl A o] A= AT} (Table 2).

rE

M2 £ mRNA HIAI 9] mRNA-1273+ Moderna®} U] =-2] National Institutes of Health

5tof 2020 3-4oll A/ 1278 A7F HAIE ATt 4 1728 Aol A 2R H 45
A18-7F(25 ug, 100 pg, == 250 pg)oll ek 3702 LHE A wil o] b Ad 1 g
7Vstqieh B E Fol| A 83k 0] &7 SARS-CoV-2 Z3}3HA| 2} 7}e] 7] 61 ol =25}
ovID19 ZRIzte] EA ol A &1 71e] 50% o) /ol s s = g7HE ZE ol
4 AATH ohE 250 pg M F Fol|A] o] AfEh-g WA Eo] THE T ETH =07 of
120l 100 pgol YA 34 ATe] EF 2 HA = UATH mRNA1273 D7 34 A= ml= W
997} 7)ol A 30,4207 o] A E AL, 1:1 H] & &2 WA F I th 2 7S B Foto] AFE XS
SHAT. 28 7HA 0 = 23] I F T 14U o] it o] {54 coviID19 RIS
a1, BHAFEol| A 11, T ol A 1857 O 2 ¥ Al § 58 94.1% (95% confidence interval [CI],
89.3-96.8%) % X 15} ) (Table 2).2%

el

’

2 32 ox o N

fot I o o
o o E R

Oxford tg}e] A3 0] 2020 1€ ol I A ofrl| mHfo] 2 A WE] ALE AJASIHRAA,
490 JZ-2 Q] 2A S|AFS] AstraZeneca®t 34| COVID-19 HI Al 7 dkof] Z4=51A] H T}, 2020
d 4ol A/ 1727 AFE F=oll A ZHAIsHH A 78 4 911,07778 & 24 5Ho] ChAdoxt
nCoVA19 HiAI (n=543)2} MenACWY | %t (n=534)0l|A] Wl Al o] okA AJx} tH ol AJ S 7}
SHAtE 2 Aol A microneutralization assay 80% 2.2 716k A3} WA o) A F5}EHA]
HhS.0] 12} & & 91%0] A, 22} HZE 5 100%01 A1 215 o] ChAdOx1 nCoV19S HiAl &
Hatz AdAsto] A4 348 A8 ZHAISHTES A 34 dte 9=H(6Y), B2t (6¥),
0] =H9%) 5ol A A AE 2351, 2021 190l =t Habd it 34t A AakE
=20 &2 TR F=ol A Y E AT A 34 Aol A 93] dF Aol A}l
Al ¥l Al-8-gF0] 1x}ol| 4] low dose (LD) (2.2x10* viral particles) = 50 =] o] 12}o)| A LD, 22}0]]
A] standard dose (SD) (5x10 viral particles)2 &oF wto] k2 BT 1 2] o] WiAlL
oM = BepAnt 5ASHA 1, 22F HE 25 sDE MUY=t 2pA o2, = ChAdOx1
nCoV-19 (ADZ1222) LD/SD w*(n=2,741)2} T2 (n=1,374), Y= SD/SD *(n=2,377)3} THE
(n=2,430), Z12] 12 B2}& SD/SD w(n=2,063)2} T & (n=2025)2] & 11,6362 tHAF S 2 ot
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Table 2. Summary of characteristics of clinical trials of COVID-19 vaccine and efficacy data

Vaccine name BNT162b2™%) MRNA-1273'42¢) AZD1229'5:2%:%0) Ad26.COV2.S'%)
Manufacturer Pfizer-BioNTech Moderna AstraZeneca Johnson & Johnson's Janssen
Clinical trial
(published data)
Phase 1/2 - Phase 1/2 (start: 2020.05) - Phase 1/2 (start: 2020.03) - Phase 1/2 (start: 2020.04) - Phase 1/2a (start: 2020.07)
- BNT162b1 and BNT162b2 both - mRNA-1273 induced - Neutralizing Ab response: after - Single dose seroconversion
induced anti-SARS-CoV-2 anti-SARS-CoV-2 immune dose 1: 91%, dose 2: 100% for S Abs (by ELISA): cohort
immune responses responses in all participants  _ g serious adverse events 1a: 99%; cohort 3: 100%
- BNT162b2 had less systemic - No trial-limiting safety related to ChAdOx1 nCOV-19
reaction therefore was concerns
selected for phase Ill clinical
trial
Phase 3 - Phase 2/3 (start: 2020.07) - Phase 3 (start 2020.07) - Phase 2/3 (start 2020.04) - Phase 3 ENSEMBLE (start
- Country: US, Argentina, - Country: US (n=30,420) - Country: UK, Brazil (n=23,848) 2020.09-)
Brazil, South Africa, LD/SD (UK): n=2,741 - Country: Argentina, Brazil,
Germany, Turkey (n=43,548) . Chile, Colombia, Mexico,
SD/SD (UK): n=4,807 Peru, South Africa and US
SD/SD (Brazil): n=4,088 (n=43,783)
- Country: UK (phase 1/2 & phase
3), Brazil (phase 3), South Africa
(phase 1/2) (n=17,177)
SD/SD: n=14,379
LD/SD (UK only): n=2,798
- 21-day interval/2-dose - 28-day interval/2-dose - 28-day interval/2-dose - 1-dose
Study type Observer-blinded, placebo- Observer-blinded, placebo- Blinded, randomized, controlled  Double-blinded, placebo-
controlled controlled trials controlled
Phase 3 trial inclusion (yr) >16 >18 >18 >18
>55 (42.2%) 265 (24.8%) 256 (12.2%) »65 (19.6%)
Exclusion - History of COVID-19 - Known history of SARS-CoV-2 - Severe and/or uncontrolled - Pregnant

- Treatment with infection
immunosuppressants - Pregnant
- Immunocompromised - Breastfeeding
- Treatment with
immunosuppressants

- Immunocompromised

>7 days after 2nd dose: 95%
(95% credible interval,
90.3-97.6%)

Confirmed COVID-19 cases Vaccine group: n=8/18,198

after last vaccination  pjacebo group: n=162/18,325
(endpoint)

>14 days after 2nd dose (all
symptomatic): 94.1% (95% Cl,
89.3-96.8%)

Vaccine group: n=11/14,134

Placebo group: n=185/14,073

Vaccine efficacy at
preventing COVID-19

underlying disease
- Pregnant
- Breastfeeding

>14 days after 2nd dose (all
symptomatic): 70.4% (95% Cl,
54.8-80.6%)

Vaccine group: n=30/5,807

Control group*: n=101/5,829

- Immunocompromised

- Previously received a
COVID-19 vaccine

- Allergies or history of
anaphylaxis or other serious
adverse reaction to vaccines

- Acute illness

>14 days after single dose (all

symptomatic): 66.9% (95% Cl,

59.1-73.4%)

Vaccine group: n=117/19,630

Placebo group: n=351/19,691

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; Ab, antibody; ELISA, enzyme-linked

immunosorbent assay; Cl, confidence interval; ; LD, low dose; SD, standard dose.
*Control group received meningococcal group A, C, W, and Y conjugate vaccine or saline.
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Table 3. Safety and reported adverse events of COVID-19 vaccines from clinical trials

Vaccine name BNT162b2%” MRNA-1273%) AZD1222%*) Ad26.COV2.S*
Manufacturer Pfizer-BioNTech Moderna AstraZeneca Johnson & Johnson's Janssen
Solicited adverse After 2nd dose: After 2nd dose: After 2nd dose™: After one dose:
events 1) 16-55 years-old Fever: 15.7% Feverish: 51% Fever: 9.0%

Fever: 16 % Headache: 58.9% Fever: >38°C: 18%, Fatigue: 38.2%

Fatigue: 59% Fatigue: 65.7% >39°C: 2% Headache: 39.0%

Headache: 52% Myalgia: 58.0% Headache: 68% Myalgia: 33.2%

Muscle pain: 37.3% Arthralgia: 42.9% Fatigue: 70%

Joint pain: 21.9% Nausea/vomiting: 19.0% Myalgia: 60%

2) Over 55 years-old Chills: 44.4%

Fever: 11%
Fatigue: 51%
Headache: 39%
Muscle pain: 28.7%
Joint pain: 21.9%
Serious adverse Vaccine related: Vaccine related:
event 1) Vaccine group (n=4): shoulder 1) Vaccine group, n=6: NA
injury related to vaccine
administration, n=T1; right
axillary lymphadenopathy,
n=1; paroxysmal ventricular
arrhythmia, n=1; right leg
paresthesia, n=1

2) Placebo group, n=4: NA

2) Placebo group: NA

Deaths during trial: Deaths during trial:

1) Vaccine group, n=2: 1) Vaccine group, n=2:
arteriosclerosis, n=1; cardiac cardiopulmonary arrest, n=1;
arrest, n=1 suicide, n=1

2) Placebo group, n=4: unknown 2) Placebo group, n=3:
cause, n=2; hemorrhagic stroke, intraabdominal perforation,
n=1; myocardial infarction, n=1 n=1; cardiopulmonary

*No deaths related to the vaccine or arrest, n=1; severe systemic
placebo inflammatory syndrome, n=1

Vaccine related:

1) Vaccine group, n=2:
transverse myelitis, n=1,
pyrexia >40.0°C, n=1

2) Control group, n=1:
hemolytic anemia, n=1

Deaths during trial:
1) Vaccine group, n=1
2) Control group, n=3: all
vaccine unrelated; road
traffic accident, blunt

force trauma, homicide,

and fungal pneumonia

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

92) Placebo group: DVT, n=1,
EBV infection and atrial
flutter, n=1

Deaths during trial:

1) Vaccine group, n=3: lung
abscess, non-COVID-19
pneumonia, unknown
cause

2) Placebo group, n=16: all
study unrelated

Abbreviations: COVID-19, coronavirus disease 2019; NA, not applicable; DVT, deep vein thrombosis; EBV, Epstein-Barr virus.
*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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Table 4. Ongoing clinical trials of COVID-19 vaccines on children

Vaccine name MRNA-127344) AZD1222%) Ad26.COV2.5*")
Manufacturer Pfizer-BioNTech Moderna AstraZeneca Johnson & Johnson's Janssen
Ongoing Phase 2/3 (2021.2-): Phase 2 (2021.02-): Phase 2a:

clinical trials 1) Adolescents 12-15 years old 1) Recruiting adolescents 1) Recruiting children >6 1) Plans to include newborns
on children - Phase 3 (finished) summary: 12-17 years old years old and adolescents

2) First, recruiting

- Confirmed COVID-19 after last adolescents 12-17 years old

Vaccine group: n=18/1,129
Placebo group: n=0/1,131
Phase 1/2/3 (2021.3-):
1) Recruiting 6 months to 11 1) Recruiting children 6

Phase 2/3 (2021.3-):

months to 11 years old

Abbreviations: COVID-19, coronavirus disease 2019.
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