Exploration of Inmunology " Open Exploration

L))

Check for

Open Access Review

COVID-19 vaccine and immune response

Sevilay Hintistan'@®), Hatice Demiragz*

'Faculty of Health Sciences Nursing Department, Internal Medicine Nursing, Karadeniz Technical University, Trabzon
61000, Turkey
’Department of Medical Services and Techniques, First and Emergency Aid Program, Glimiishane University, Glimiishane
29600, Turkey

*Correspondence: Hatice Demirag, Department of Medical Services and Techniques, First and Emergency Aid Program,
Giimiishane University, Gimiishane 29600, Turkey. hatice_etbas@hotmail.com
Academic Editor: Narinder K. Mehra, Indian Council of Medical Research, India

Received: July 5, 2021 Accepted: November 3, 2021 Published: December 31, 2021

Cite this article: Hintistan S, Demirag H. COVID-19 vaccine and immune response. Explor Immunol. 2021;1:341-55. https://
doi.org/10.37349/€1.2021.00023

Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2; $CoV), the causative agent of coronavirus
disease 2019 (COVID-19), causes severe lower respiratory tract infections and acute respiratory failure
syndrome (ARDS). Deaths due to the ongoing COVID-19 pandemic for more than ayear are still seen worldwide.
Therefore, vaccine trials have gained importance. The discovery of the genome and protein structure of
SARS-CoV-2 in a short time allowed the development of nucleic acid-based vaccines (mRNA and DNA
vaccines), vector vaccines, inactivated virus vaccines, protein-based vaccines, virus-like particle vaccines,
and live attenuated virus vaccines. Many companies, universities, and institutes around the world continue to
develop effective vaccines against SARS-CoV-2. In this review, the structural features, classification, genome,
and intracellular entry of SARS-CoV-2 coronaviruses, stimulation of the immune system and immunity,
COVID-19 vaccine types, and the latest status of clinical trials of these vaccines have been reviewed.
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Introduction
Coronaviruses (CoV) are common zoonotic pathogens that cause upper respiratory tract infections [1].

Derived from the combination of CO (Corona), VI (Virus), D (Disordine/Disease), and 19 (the year 2019),
evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a zoonotic RNA virus that leads to the
coronavirus disease 2019 (COVID-19) in humans or animals. COVID-19 is an infectious disease caused by
SARS-CoV-2, known as “2019 novel coronavirus” or “2019-nCoV” [2, 3].

Although coronaviruses were discovered in the 1960s, the COVID-19 outbreak first reported as cases
of pneumonia of unknown etiology in people working in the seafood and livestock market in Wuhan, China,
on 31 December 2019. It was only realized on January 7, 2020, that the disease agent was a new type of
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coronavirus [4, 5]. Then, on January 12, 2020, the genome sequence of the virus was determined by
the “Global Initiative on Sharing All Influenza Data (GISAID)” and was defined as “2019 new coronavirus
(2019-nCoV)” by the World Health Organization (WHO) [6]. After China, the first cases were seen in Thailand
on January 13, 2020, and in Japan on January 16, 2020, and after being detected in Italy on January 30, 2020,
it was declared as an “international health emergency” by the WHO Emergency Committee on this date. Then,
the epidemic spread to many countries, and on February 11, 2020, the disease caused by the virus was updated
as COVID-19, and the virus causing it was updated as “severe acute respiratory syndrome coronavirus-2”
(SARS-CoV-2) [4, 5]. The disease was declared a “pandemic” on March 11, 2020 (Figure 1) [5] and caused
3,744,408 deaths in the world as of June 9, 2021. Deaths due to COVID-19 continue all over the world [7].
To prevent or reduce deaths due to COVID-19 or its complications, it is necessary to inhibit the excessive
immune response of the human body against SARS-CoV-2, which seems possible with immunotherapy [8].

Figure 1. COVID-19 pandemic period

Immunotherapy is a method of creating an immune response through artificial stimulation of the immune
system for the prophylaxis and treatment of various diseases (infectious diseases, cancers, etc.) [9]. The main
function of COVID-19 vaccines, which aim to create an immune response, is to produce S protein neutralizing
antibodies in administered individuals [10]. The National Center for Biotechnology Information (NCBI) has
approximately sequenced 5500 SARS-CoV-2 genomes isolated in various countries [11]. The elucidation of
the sequencing of the SARS-CoV-2 genome through genetic technologies has accelerated vaccine studies. This
review aims to present the structural features, classification, genome, and intracellular entry of SARS-CoV-2
coronaviruses, stimulation of the immune system and immunity, COVID-19 vaccine types, and the latest
status of clinical trials of these vaccines.

Structural features, classification, and genome of SARS-COV-2 coronaviruses

Coronaviruses are the largest enveloped, single-stranded RNA viruses. There are 27 coded proteins in their
genomes [12-14]. The virus, which is about 150-160 nm in size, is morphologically polymorphic or round,
and has spiny protrusions called “spikes” on the surface of the virus, which make it appear like a crown. For
this reason, the virus with the appearance of a crown is called “corona”, which means crown [15-17].

The Coronaviridae family is divided into two subfamilies: Torovirinae and Coronavirinae. The
Coronavirinae family includes 4 genera; alphacoronavirus (aCoV) and Betacoronavirus (fCoV) infecting
humans and other mammals; aCoV and gammacoronavirus (yCoV) infecting whales and birds; and
deltacoronavirus (6CoV) infecting pigs and birds [12, 13, 18, 19]. In the twentieth century, 7 coronaviruses
that are potentially dangerous to humans were identified. While HCoV 229E (aCoV), NL63 (aCoV), HCoV-0C43
(BCoV) and HCoV-HKU1 (BCoV) cause upper respiratory tract infections, SARS-CoV (CoV), the causative
agent of MERS-CoV (BCoV), and SARS-CoV-2 (BCoV), and COVID-19, cause severe lower respiratory tract
infections and acute respiratory failure syndrome (ARDS) [12, 18, 19]. Besides, regarding the first case of
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COVID-19, it is estimated that SARS-CoV-2 is not directly transmitted to humans, nor is it directly transmitted
from bats to humans, and an animal called Pangolin is an intermediate host.

Coronaviruses encode the following five structural proteins in their genomes. Spike (S), membrane (M),
envelope (E) glycoproteins, hemagglutinin esterase (HE), and nucleocapsid (N) protein (Figure 2) [20, 21].
While envelope glycoproteins and N protein are found in all virions, HE proteins are found only in fCoVs [22].
S glycoproteins located outside the virion give the virion its typical shape, M proteins are involved in the
regeneration of virions in the cell, and E proteins play a significant role in the assembly and morphogenesis of
virions [23-25]. In addition, N proteins in phosphoprotein structure with the ability to bind to the helix have
a significant impact on the virion structure, replication, and transcription of coronaviruses [26].

Figure 2. Coronavirus virion structure [20]

Note. Reprinted from “Vaccination studies against COVID-19 agent: current status” by Hindistan S, Kazak A. Bezmialem Science.
2020;8:145-52 (https://cms.galenos.com.tr/Uploads/Article_42785/BezmialemScience-8-145-En.pdf). © 2021, Bezmialem
Vakif University.

The genome size of SARS-CoV-2 is between 29.8 kb-29.9 kb (approximately 30 kb). There are two
non-translated regions at the 5’ (cap structure) and 3’ (polyA tail) ends of the genome. Between these two
regions, there are 8-10 open reading frames (ORFs). ORF1la and ORF1b, which make up two-thirds of the 5’
end of the virus genome, encode the polyproteinla (ppla) and pplab proteins. One-third of the 3’ end of the
genome consists of genes encoding structural proteins, including S, E, M, and N proteins. The SARS-CoV-2
genome has 6 accessory proteins encoded by the ORF3a, ORF6, ORF7a, ORF7b, and ORF8 genes [27].

Intracellular entry of SARS-CoV-2

SARS-CoV-2 can enter the cell through two different mechanisms. The first one is direct membrane fusion
via angiotensin converting enzyme 2 (ACE2) receptors. The S protein of SARS-CoV binds to ACE2 receptors
and combines with the plasma membrane. With the proteolysis of the S protein binding to the ACE receptor,
the most important stage of the virus’s life cycle has been achieved [28]. ACE2 receptors on endothelial
cells of organs such as lungs, intestines, heart, and kidneys cause viral inclusions in endothelial cells after
encountering the virus. During virus entry, the affected renin-angiotensin system (RAS) as a result of the ACE2
receptor being taken into the cell and degraded causes angiotensin-2 increase. As a result of endothelial cell
infection, endotheliitis, apoptosis, disruption of RAS balance, ischemia, edema, and hypercoagulability may
develop [29, 30]. It is also estimated that the stroke and hypertensive crisis observed in COVID-19 patients
may be related to this mechanism [31].

Another way of entry of SARS-CoV-2 into the cell is “antibody-dependent enhancement” (ADE) defined
in some virus infections [such as dengue virus, Ebola virus, human immunodeficiency virus (HIV)), and
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SARS-CoV. In SARS-CoV infections, ADE is thought to be associated with Fc receptors (FcRs) expressed on
different immune cells such as monocytes, macrophages, and B cells. In the presence of anti-S antibodies, the
virus enters the cells with the Fc-gamma-2 (CD32) receptor on its surface in the form of an antibody-virus
complex and shows a cytopathic effect. It is also predicted that SARS-CoV entering monocyte-macrophage
cells with ADE may have effects on cytokine/chemokine release and cell apoptosis. Although the virus can
enter the cell in this way, it has not yet been proven that it can multiply inside the cell and then be released
from the cell again [32, 33].

Immunity and stimulation of immunity

As the virus enters the cell, antigen-presenting cells (APC) present viral antigens first. Virus-specific cytotoxic
T lymphocytes recognize antigenic peptides presented by the major histocompatibility complex (MHC) or
human leukocyte antigen (HLA) in humans. MHC [ and MHC II are involved in antigen presentation. As a
result of antigen presentation, the virus-specific humoral and cellular immune response is stimulated, and
immunoglobulin M (IgM) and IgG type antibodies are formed against SARS-CoV-2 [34, 35]. Antibodies begin
to be detected sometime after the infection develops (IgM antibodies on 7-21 days, IgG on 14 days). It has been
shown that IgG-type antibodies form and persist for a long time against S and N antigens [35]. SARS-CoV-2
induces the formation of double-membrane vesicles that lack the pattern-recognition receptor (PRR) and
proliferate within these vesicles to escape the immune system and maintain intracellular life. Thus, the host is
prevented from noticing the RNA of the virus. As a result, antigen presentation is controlled by the virus [36].

Sekretory (Humoral) immunity

The humoral immune response to SARS-CoV-2 is achieved by antibodies targeting the surface S-glycoprotein
[especially the receptor-binding domain (RBD) region] and the nucleocapsid protein. IgM, IgA, and IgG
antibodies develop in the blood serum levels of individuals who have been vaccinated or have experienced
COVID-19, and viral clearance and neutralization of anti-S glycoprotein and anti-RBD in these antibodies are
carried out [37]. High levels of IgM, IgA, and IgG antibodies detected in the blood serum of people who have
had the disease protect them from the disease. IgA antibody peak at the blood serum level on days 20-22
of the disease, IgM antibody on days 10-12, and IgG antibody in the 3rd week of the disease. Inmediately
afterward, on the 18th day of the disease, IgM antibodies decrease and disappear, and the IgG antibody begins
to decrease after the 8th week [38]. The level of antibodies in the blood serum varies according to the severity
of the disease. The level of antibodies formed in people with the mild disease is lower and disappear in
a shorter time [39]. A reviewed literature reports disappearance of IgG within 2-3 months after infection
in 40% of people with asymptomatic COVID-19 and 13% of people with symptomatic [40]. Contrary to
this study, which showed that the antibodies formed decreased and disappeared in a short time, in a study
conducted in Iceland, it was found that IgG antibodies continued unabated for 4 months [41]. The short-term
reduction of antibodies indicates that people who have had COVID-19 may become ill again [42], suggesting
that the effect of COVID-19 vaccines may not be long-lasting [42, 43].

Cellular immunity

In people infected with SARS-CoV-2 CD38*, HLA-DR* T cells (CD4* and CD8*) increase 7-10 days after
symptoms begin and return to normal around day 20 [44, 45]. S-protein-specific activated CD38* T cells were
found in 83% of COVID-19 cases [44]. However, some people who have not been exposed to SARS-CoV-2
have CD4* and CD8* T lymphocytes that respond to a certain amount of S-protein. It is estimated that this
may be due to cross-resistance with seasonal coronavirus infections [46]. A relevant study reported that
virus-specific T lymphocytes showed acute cytotoxic effect during infection in 203 patients with COVID-19,
and memory lymphocytes were dominant and polyclonal in the convalescent period. In the same study, a
cellular response was found in individuals without antibodies [47]. Likewise, in another study, memory T-cell
response was reported to develop in some patients in whom specific antibodies could not be detected [48].
These findings demonstrate that the cellular response and the ability of vaccines to induce cellular responses
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are important in the prevention of COVID-19. An ideal vaccine should both generate neutralizing antibodies
and activate T helper 1 (Th1)-responsive cellular immune elements [49].

COVID-19 vaccines

Vaccine development trials against SARS-CoV-2 started in the first month of the epidemic. As of 11 June 2021,

there were 287 COVID-19 ongoing vaccine trials worldwide, 102 of which are clinical phase studies and 185
are preclinical studies (Table 1) [50].

Table 1. Main vaccine types and phase 3-4 candidates as of June 2021 [50]

Vaccine platform Number of % Number Schedule Route of Developers (Candidate Phase
description candidate of doses administration vaccine type)
vaccines
mRNA vaccines 16 16 2 Day0+28 im Moderna (MRNA 1273) Phase 4*
2 Day 0 + 2 i.m. Pfizer/BioNTech (BNT162b2) Phase 4*
2 Day0+28 im. CureVac AG (CVnCoV) Phase 3
2 Day0+14 im. Academy of MilitaryScience Phase 3
or Day 0 (AMS)/(ARCoV)
+28
Vectorvaccines 18 18 1-2 Day0+28 im. Oxford/Astra Zeneca Phase 4*
(ChAdOx1)
1 Day 0 i.m. CansinoBiologicallnc. (Ad5- Phase 4
nCoV)
2 Day 0 + 21 i.m. Sputnik V (Gam-COVID-Vac) Phase 3
(rAd26-S+rAd5-S)
1-2 Day 0 or i.m. Johnson&Johnson/ Janssen Phase 3*
Day 0 + 56 Pharmaceutical (Ad26.
COov2.S)
1 Day 0 i.m. ReiThera + Leukocare + Phase 2/3
Univercells (GRAd-COV2)
Inactivated virus 16 16 2 DayO0+14 im. CoronaVac (Sinovac) Phase 4*
vaccines 2 Day 0 + 21 i.m. Sinopharm/WIBP-CorV Phase 3*
2 Day0+28 im. Institute of Medical Biology Phase 3
(verocells)
2 Day0+21 im. Research Institute for Phase 3
Biological Safety Problems
(QazCovid-in)
2 Day0O+14 im. Bharat Biotech(BBV152) Phase 3
2 Day0+28 im. Shenzhen Kangtai Biological Phase 3
Products (Verocell)
2 Day 0 + 21 i.m. Valneva, National Institute Phase 3
for Health Research, United
Kingdom (VLA2001)
2 Day 0 + 21 i.m. Erciyes University and the Phase 3
health instutes of turkey
(TUSEB) (TURKOCAV)
2 Day0+14 im. Shifa Pharmed Industrial Co Phase 2/3
DNA vaccines 10 10 2 Day 0 + 21 i.m. Inovio Pharmaceuticals (INO-  Phase 2/3
4800+electroporation)
2 Day0+14 im. AnGes + TakaraBio + Osaka Phase 2/3
University (AG0301-COVID19)
3 Day0+28 id. Zydus Cadila (nCovvaccine) Phase 3
+ 56
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Table 1. Main vaccine types and Phase 3-4 candidates as of June 2021 [50] (continued)

Vaccine platform Number of % Number Schedule Route of Developers (Candidate Phase
description candidate of doses administration vaccine type)
vaccines
Protein subunit 32 31 2 Day0+21 im. Novavax (NVX-CoV2373) Phase 3
vaccines 2-3 Day0+28 im. Anhui Zhifei Longco (ZF2001- Phase 3
or Day 0 + Recombinant SARS-CoV-2
28 + 56 Vaccine)
2 Day0+21 im. Sanofi Pasteur + GSK Phase 3
(VAT00002)
2 Day 0 + 21 i.m. Clover Biopharmaceuticals Phase 2/3

Inc./GSK/Dynavax (SCB-2019
+ AS03 or CpG 1018 adjuvant

plus)
2 Day0+28 im. Instituto Finlay de Vacunas Phase 3
(FINLAY-FR-2 anti-SARS-
CoV-2 Vaccine)
2 Day 0 + 21 i.m. Federal Budgetary Research Phase 3
Institution State Research
Center of Virology and
Biotechnology “Vector”
(EpiVacCorona)
3 0+14+28 im. Center for Genetic Engineering Phase 3
or Day 0 + and Biotechnology (CIGB-66)
28 + 56
Virus like particle 5 5 2 Day 0 + 21 i.m. Medicago Inc. (CoVLP) Phase 2/3

vaccines

* As of 3 June 2021, WHO has assessed that it meets the necessary criteria for safety and efficacy against COVID-19. %: clinical
pass rate

In the pathogenesis of COVID-19 infection, the SARS-CoV-2 virus enters the cell by binding to the ACE2
receptor of the host cell via the S protein. Then, after the virus leaves the cell, it is phagocytosed by APCs and
presented to Th cells. Based on this information, it is aimed to use the S proteins of the virus in COVID-19
vaccine studies to produce antibodies for it. COVID-19 vaccines trials include inactivated virus vaccines,
nucleic acid-based vaccines (mRNA and DNA vaccines), vector vaccines, protein-based vaccines, virus-like
particle vaccines, and live attenuated virus vaccines [51].

mRNA vaccines

In mRNA vaccines that provide S protein production, the part of the SARS-CoV-2 genome encoding
the S protein is placed in lipid nanoparticles with an RNA molecule to ensure entry into the cell. Upon
intramuscular injection of the vaccine, myocytes engulf lipid nanoparticles by endocytosis. After entering the
cell, mRNAs released into the cytoplasm enter the cells and cause S protein production. S proteins secreted
out of the cell lead to antibody development by providing both secretory (B cell response) and cellular
(cytotoxic T cell response) immune response with antigenic stimulus. Of the 16 vaccine candidates developed
in this way, two of them (Pfizer/BioNTech and Moderna vaccines) have already been approved for use,
and 2 [CureVac AG (CVnCoV) and Academy of Military Science (AMS)/(ARCoV)] are in 3rd phase [33, 50, 51].

Pfizer/BioNTech (BNT162b2) vaccine

It is a vaccine developed in partnership with Germany and USA. In phase 3 randomized controlled trial of
the vaccine conducted in five countries, it was reported that in 43,538 volunteers aged 16 and over, 7 days
after 2 doses of vaccine administered with 21-day intervals, 8 people in the vaccine group and 162 people
in the placebo group developed COVID-19 infection and the effectiveness of the vaccine was 95%. In the
same study, vaccine effectiveness was found to be 94.7% in people aged 65 and over. Mild to moderate local
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adverse effects (84%) and systemic adverse effects such as allergy, malaise, headache, fever, and Bell’s palsy
can be observed after vaccination. The Pfizer/BioNTech vaccine has been approved for use in people 16 years
of age and older. The disadvantage is that the vaccine can be stored for 6 months at -70°C and 5 days in the
refrigerator at 4°C [52-54]. In addition, phase 4 studies of the vaccine are ongoing [50].

Moderna vaccine (mRNA 1273)

Moderna vaccine is an mRNA vaccine produced by a US-based company. It is produced similarly to the
Pfizer/BioNTech vaccine, but the structure surrounding the mRNA is different. This vaccine also contains
mRNA encoding S protein hidden in lipid nanoparticles. In phase 3 randomized controlled trial of the
vaccine, it was reported that COVID-19 infection developed in 11 people in the vaccine group and185 people
in the placebo group 14 days after 2 doses of vaccine administered with an interval of 28 days in 30,420
volunteers aged 18 and over, and the effectiveness of the vaccine was 94.1%. In the study, the effectiveness of
the vaccine was found to be 86.4% in people aged 65 and over. After vaccination, a picture of severe COVID-19
can be seen in individuals aged 65 and over, mild to moderate local adverse effects, and systemic adverse
effects such as headache, weakness, arthralgia, myalgia, allergy, and anaphylaxis can be seen in the general
population. However, these symptoms usually regress spontaneously [55, 56]. The Moderna vaccine, whose
4th phase studies are ongoing, has been approved for use for those aged 18 and over. The vaccine can be
stored for 6 months at -20°C and 30 days in the refrigerator at 4°C [50, 57].

Vector vaccines

Vector vaccines are based on the delivery of genes encoding the S protein of SARS-CoV-2 via a
vector (usually adenovirus). Of the 18 vaccine candidates developed in this way, 3 were approved for
use, and 1 [Cansino (Ad5-nCoV)] received conditional use approval [50, 58].

Oxford/Astra Zeneca (ChAdOx1) vaccine

It is a vaccine obtained by transferring the genes encoding S proteins of SARS-CoV2 to non-replicative
chimpanzee adenovirus (ChAdOx1). Phase 1, 2, and 3 studies have been conducted in volunteers over 18 in
3 countries, and phase 4 studies are ongoing [50, 59]. In the phase 1-2-3 study, two doses (28 days apart) of
the Oxford/Astra Zeneca vaccine were administered to the vaccine group, and the meningococcal vaccine was
administered to the control group. It was stated that COVID-19 infection could develop at least 14 days after
the administration of two doses of the vaccine, and the effectiveness of the vaccine was found to be 62.1%. As
an adverse effect of the vaccine, transverse myelitis has been reported in 2 patients in the vaccine group and
1 patient in the control group [59].

Cansino (Ad5-nCoV)

Cansino vaccine has been developed by Beijing Institute in China using adenovirus Type 5 as a vector. 1-2 of
the vaccine phases have been made, and 3 and 4 phases are ongoing [50]. In phase 1 and 2 studies, antibodies
started to increase 14 days after a dose of vaccine and peaked on the 28th day. Pain (58%) and systemic
adverse effects such as fever, fatigue, headache, and myalgia are the most common local adverse effects. In
addition, the vaccine has been given conditional approval for use by the Chinese government [60].

Sputnik V (Gam-COVID-Vac)

It is a vaccine developed by the Gameleya Institute in Russia. It is a vaccine in which the genes encoding
the S proteins of the SARS-CoV-2 genome are transferred to adenovirus and adenovirus Type 26 and Type
5 viruses and used as vectors [61, 62]. Phase 1, 2, and 3 studies of the vaccine have been conducted in
volunteers [50]. Two doses of vaccine were administered to 22,714 people aged 18 years and older who
voluntarily participated in the study at an interval of 21 days. After the first dose of the vaccine, 16 people in
the vaccine group and 62 people in the placebo group developed COVID-19 infection, and the effectiveness
of the vaccine was 91.6%. While there was no severe COVID-19 infection in the vaccine group, in the placebo
group, 20 people had severe COVID-19 infection and based on this finding, the effectiveness of the vaccine
in preventing severe COVID-19 infection was determined to be 100%. In addition, mild-to-moderate local
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adverse events that regress spontaneously due to the vaccine have been reported, and no serious adverse
events have been reported [61, 62].

Johnson & Johnson (Ad26.COV2.S)

[tis a vaccine in which adenovirus Type 26 is used as a vector. Phases 1, 2, and 3 studies have been completed,
and phase 4 study is in progress [50]. In phase 1-2 studies conducted with volunteers aged 18-55 and over
55 years of age, 2 doses of vaccine were administered at an interval of 56 days, and in 402 people, mild to
moderate local adverse effects, especially pain at the injection site, and mild to moderate weakness, headache,
systemic adverse effects, such as muscle pain, were observed [63]. In a phase 3 study conducted with 43,783
volunteers aged 18 years and older, it was determined that its effectiveness in preventing severe disease 28
days after a single dose vaccination in volunteers was 85.4% [64, 65]. The vaccine has been approved for use
for those aged 18 and over and is administered as a single dose [65].

Inactivated virus vaccines

The basis of inactivated virus vaccines is based on the inactivation of SARS-CoV-2 viruses with
betapropionylactone. Of the 16 vaccine candidates developed this way, 3 have been approved for use [50, 58].

CoronaVac (Sinovac)

Sinovac vaccine is an inactivated virus vaccine produced by the Chinese government. In phase 1 and phase 2
studies of the vaccine, whose phase 4 studies are ongoing, vaccine doses of 3 pg (2 doses in 2 groups with an
interval of 14 days and 28 days) or 6 pg vaccine doses (2 groups for 14 days and 28 days) was administered
in a placebo-controlled manner in volunteers aged 18-59 years. Following 2 doses of Sinovac at a dose of
3 pg 14 days apart, at a rate of 92.4% and 94.1% neutralizing antibodies developed in the participants after
14 and 28 days, respectively. In the dose of 6 pg, which was administered 2 doses at an interval of 14 days,
neutralizing antibodies developed at the rate of 98.3% after 14 days and 99.2% after 28 days. In 2 doses of
3 pg Sinovac vaccine administered 28 days apart, the rate of neutralizing antibodies was 97.4% after 14 days
and 99.2% after 28 days; at a dose of 6 pug (2 doses), it is 100% after 14 days and 100% after 28 days, and
the immunogenicity of the vaccine is good [66]. Mild-to-moderate adverse events (most of which regressed
within 48 h) were reported in 21% of volunteers aged 60 years and older, mainly injection site pain (9%),
fever, and headache [67]. In one of the phase 3 studies, the effectiveness of the vaccine was found to be 83.5%.
Sinovac vaccine can be administered to individuals aged 18 years and older. Storage conditions of the vaccine
are 2-8°C [68].

Sinopharm/WIBP-CorV

Phase 1/2 studies of the vaccine, developed and approved for use by the Chinese National Pharmaceutical
Group, were completed. Phase 3 and 4 studies continue. In the phase 1/2 study, antibodies started to rise
14 days after the dose of vaccine and peaked on the 42nd day. 29% of vaccinated individuals have at least 1
adverse reaction 7 days after vaccination, and the most common systemic adverse effect is mild to moderate
fever [69]. The efficacy of the Sinopharm/WIBP vaccine was found to be 79% [70].

Bharat Biotech (BBV152)

BBV152 (produced by Bharat Biotech) is a whole virion B-propiolactone inactivated SARS-CoV-2 vaccine.
The SARS-CoV-2 strain (NIV-2020-770) used in the development of the BBV152 vaccine was obtained from
tourists visiting New Delhi, India. Phase 3 studies of the vaccine, of which phase 1/2 studies have been
performed, are ongoing [50, 71]. Within 7 days after vaccination, patients developed pain and swelling at the
injection site (local adverse effect), and systemic adverse reactions such as fever, fatigue or malaise, myalgia,
body aches, headache, nausea or vomiting, anorexia, chills, general rash, and diarrhea have been reported.
The vaccine can be stored at 2-8°C [71].

DNA vaccines

DNA vaccines are based on the insertion of S-protein-encoding genes of SARS-CoV-2 into plasmid DNA.
After the DNA enters the host cell, mRNA is formed, and S proteins are produced and released. Then, the
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S proteins are recognized by the antigen-presenting cells, and antibody production takes place. Of the
10 vaccine candidates under development, 3 [Inovio Pharmaceuticals (INO-4800), Osaka University
(AGO301-COVID), Zydus Cadila (nCov vaccine)] are in phase 3, and only 3 phase study reports of INO-4800
have been reported [50, 58].

Inovio Pharmaceuticals (INO-4800+electroporation)

The INO-4800 vaccine, administered intradermally (ID), is the first DNA vaccine for which reports of a phase
3 trial have been submitted as of June 2021. In the phase 3 study, 2 doses of 1mg or 2mg IN0O-4800 vaccine
were administered 28 days apart to 401 volunteers. In this randomized controlled study, which has also
a placebo group, it was determined that the dose administered to the individuals was not effective in the
development of adverse effects. In addition, antibody levels were found to be significantly higher in the 2 mg
dose group compared to the 1 mg dose group. For this reason, it was decided to use the 2 mg vaccine in the
ongoing phase efficacy evaluations of the vaccine. It has been reported that the vaccine can be used in adults
of all ages [72].

Protein subunit vaccines

Protein subunit vaccines are vaccines in which the immune system is stimulated by administering SARS-CoV-2
proteins to the host. Phase 3 study of 5 [Novavax, Anhui Zhifei Longcom, Sanofi Pasteur+GSK (VAT00002),
Clover Biopharmaceuticals Inc./GSK/Dynavax, FINLAY-FR-2 anti-SARS-CoV-2 Vaccine, EpiVac Corona] out of
32 vaccine candidates in this group is ongoing, and 2 of them [Novavax vaccine and Anhui Zhifei Longcom
(Recombinant SARS-CoV-2 vaccine)] have reported phase 3 reports [50].

Novavax (NVX-CoV2373)

15,000 volunteers aged 18-84 years participated in the placebo-controlled phase 3 study of the Novavax
vaccine. It has been determined that COVID-19 infection may develop 7 days after the administration of
two doses of vaccine with an interval of 21 days. The efficacy of the vaccine was reported as 95.6% in the
original (non-variant) strains, 85.6% in the UK variant, 60% in the South African variant, and 89.3% in all
groups. Local and systemic adverse effects of the vaccine are seen at mild to moderate levels. The storage
conditions of the vaccine are between 2-8°C [73, 74].

Anhui Zhifei Longcom (ZF2001-Recombinant SARS-CoV-2 vaccine)

The ZF2001 vaccine is based on the use of a dimeric form of the RBD of the SARS-CoV-2 spike protein as
antigen. Phase 1 and phase 2 results of the vaccine have been reported, and phase 3 studies are ongoing.
Participants aged 18-59 were divided into three groups (25 pg dose vaccine group, 50 pug dose vaccine group,
and placebo group), and two doses of vaccine were administered 30 days apart. The adverse events that
developed in the groups were compared, and in 50 pg dose of vaccine administered group, more local [mostly
pain at the injection site (55%) and itching (35%)] and systemic [cough (15%), nausea (10%), headache (5%)
and fatigue (5%)] adverse effects were observed than 50 pg dose of vaccine administered group. Therefore,
it was concluded that a 25 pg dose of vaccine should be used in phase 3 studies [75].

Virus-like particle vaccines

Virus-like particle vaccines are vaccines that use virus-like particles that do not contain the genetic material
of SARS-CoV-2 but contain its proteins. These vaccines, which are difficult to produce, cause a strong immune
response [58]. Phase studies of 2 vaccine candidates of the 5 in the virus-like particle vaccine group (RBD
SARS-CoV-2 HBsAg VLP Vaccine, CoVLP) are ongoing, and 1 of them (CoVLP) is in phase 2/3 [50].

Medicago Inc. (CoVLP)

It is a virus-like particle vaccine candidate in phase 3 and produced from plants carrying the SARS-CoV-2 S
glycoprotein (CoVLP) adjuvanted with AS03. The reported phase 2 study of the vaccine was conducted in
volunteers aged 18-64 (adults) and 65 years and older (older adults). After a single dose of ASO3-adjuvant
CoVLP, it caused a significant interferon-y (IFN-y) response in both groups, but adults developed a greater
humoral response than older adults, and a stronger IFN-y and interleukin-4 (IL-4) cellular response has
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been reported in older adults after two doses of ASO03-adjuvant CoVLP. Safety reports of the vaccine will be
reported at the end of the phase 3 study [76].

Live attenuated virus vaccines

These are the types of vaccines in which viruses obtained by reducing the disease ability of SARS-CoV-2 in
special (in vitro) environments are used. Although there are two candidates for vaccines working on this
principle [Codagenix (COVI-VAC) and Meissa vaccines (MV-014-212)], both are still in phase 1 [50, 58].

Conclusion

Vaccine studies on COVID-19, which causes deaths due to ARDS, continue all over the world. As a result of
the antigen presentation of the vaccine, a specific humoral and cellular immune response against the virus is
stimulated and IgM and IgG type antibodies are formed against SARS-CoV-2. There are 287 COVID-19 vaccine
studies worldwide, 102 of which are in clinical phase studies, and 185 are in the process of preclinical studies.
Currently, Pfizer/BioNTech, Moderna, Oxford/Astra Zeneca, Johnson & Johnson, Sinopharm/WIBP-CorV, and
CoronaVac vaccines are used all over the world, which have been reported to meet the safety and efficacy
criteria against COVID-19 by WHO. Phase 4 studies of Moderna (mRNA 1273), Pfizer/BioNTech (BNT162b2),
Oxford/Astra Zeneca (ChAdOx1), CansinoBiological Inc. (Ad5-nCoV), and CoronaVac (Sinovac) vaccines, and
phase 3 studies of 25 vaccines are still in progress.
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