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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a new disease that has led to a
worldwide pandemic, resulting in millions of deaths and a high economic burden. Here, we analyze
the current status of preventive vaccines authorized by the European Medicines Agency (EMA) and the
US Food and Drug Administration (FDA). Published clinical trials have shown the effectiveness of
mRNA (BNT162b2 and Spikevax), adenovirus vector-based (Ad26.COV2.S and ChAdOx1 nCoV-19), and
recombinant protein S (NVX-CoV2373) vaccines to be between 52.9% and 100%. The most-frequent
adverse effects include local pain, fatigue, headache, or chills. Serious events are associated with Ad26.
COV2.S and ChAdOx1 nCoV-19 vaccines.
Introduction
SARS-CoV-2 was described in late 2019 in Wuhan, China. Since
then, a worldwide pandemic has emerged, resulting in millions
of deaths and economic damage globally.1 The etiological agent
is a new coronavirus of the family Coronaviridae, which includes
the subfamilies Letovirinae and Orthocoronavirinae. Additionally,
Orthocoronavirinae includes the genera Alphacoronavirus, Betacoro-
navirus, Gammacoronavirus, and Deltacoronavirus. Whereas Alpha-
coronavirus and Betacoronavirus exclusively infect mammals,
causing respiratory infections, most gammacoronaviruses and
deltacoronaviruses usually infect birds, although some also infect
mammals. The betacoronaviruses most pathogenic to humans
are SARS-CoV and the Middle East respiratory syndrome coron-
avirus (MERS-CoV).2 The new SARS-CoV-2 is a nonsegmented
positive-sense, single-stranded (ss)RNA virus, specifically of the
Betacoronavirus genus.3
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The general structure of a coronavirus comprises four pro-
teins: the nucleocapsid (N) protein, which forms the helical cap-
sid that includes the viral genome; the spike (S) protein, which
forms the lipid envelope that surrounds the virus in the form
of a crown; the envelope (E) protein, and the membrane (M) pro-
tein. In particular, the S protein of SARS-CoV-2 has a high affin-
ity for angiotensin-converting enzyme-2 (ACE-2), which binds
the virus to the host cell, mediated by the transmembrane serine
protease 2.4

The usual clinical features of the disease are highly varied and
nonspecific, ranging from mild to moderate symptoms, includ-
ing fever, cough, fatigue, sputum production, dyspnea, sore
throat, diarrhea, and headache. It can progress to severe pneu-
monia in older patients and those with underlying conditions
(e.g. hypertension, chronic obstructive pulmonary disease, dia-
betes, cardiovascular disease, etc.). The overproduction of
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proinflammatory cytokines in response to SARS-CoV-2, known
as a cytokine storm, increases the risk of vascular permeability,
organ failure, and, consequently, septic shock and metabolic aci-
dosis leading to death.5

To reduce infections and mitigate the pandemic, population
vaccination has been established as a safe and effective strategy
to provide protection and reduce the spread of the disease. In this
regard, more than 300 candidate vaccines against COVID-19
have been submitted at different stages of development and
more than 100 candidates have reached clinical trials thus far.6
COVID-19 vaccine platforms
The platforms on which vaccine development has been based
are: (i) a new generation of nucleic acid mRNA-based vaccines,
created with the use of a ssRNA molecule as an intermediate step
between the translation of protein-coding DNA and protein pro-
duction by ribosomes in the cytoplasm7; (ii) viral vector vaccines,
which involve the use of a recombinant adeno or pox virus,
often attenuated to reduce its pathogenicity, carrying the genetic
code of the target virus antigen to stimulate an immune
response, and created using recombinant DNA techniques8; (iii)
inactivated virus vaccines, which use virus fragments or whole
viruses that stimulate immunogenicity, but cannot replicate
because of destruction of the genetic material by physical or
chemical processes9; and (iv) subunit vaccines, in which viral
proteins are injected into the host, without introducing viable
particles of the pathogen, and, therefore, do not have the full
antigenic complexity of the virus.10

On 1 March, 2022, the EMA licensed five vaccines to prevent
COVID-19: Comirnaty (developed by BioNTech and Pfizer);
Spikevax, previously called COVID-19 Vaccine Moderna (devel-
oped by Moderna Biotech); COVID-19 Vaccine Janssen (devel-
oped by Janssen-Cilag International), Vaxzevria, previously
called COVID-19 Vaccine AstraZeneca (developed by AstraZe-
neca); and Nuvaxovid (developed by Novavax).11 In addition,
on 4 February, 2020 the FDA granted emergency use authoriza-
tion (EUA) for Comirnaty, Spikevax, and Janssen vaccines.12

Information about the efficacy, dosing, mechanism of action,
and safety of vaccines authorized by these agencies requires con-
tinuous updating, which is necessary for public health decision-
making (Table 1).

In this review, we analyze the current status of vaccines
licensed for EUA by the EMA and the FDA to prevent COVID-
19 in terms of their mechanism of action, dosage, efficacy, and
adverse effects.
Comirnaty
Composition and mechanism of action
Comirnaty, also known as Tozinameran or BNT162b2, is a vac-
cine the formulation of which is based on a neutrally charged
lipid nanoparticle (NP) with packaged strands of modified
mRNA, which is responsible for encoding the full-length trans-
membrane glycoprotein S of SARS-CoV-2 (Fig. 1).13,14

The NP formulation preserves the RNA, preventing its early
degradation and allowing its entry into host cells. Once the
2 www.drugdiscoverytoday.com
genetic material is introduced into the cytoplasm of the cells, it
is translated into ribosomes, which synthesize the SARS-CoV-2
S protein. Subsequently, these proteins reach the cell membrane
and can mature into the MHC-2 complex of antigen-presenting
cells (APCs), such as B cells, macrophages, and dendritic cells
(DCs). In this way, these active cells attract T helper (Th) cells,
binding their T cell receptor (TCR) to the S protein and triggering
the synthesis of interleukins (IL), such as IL-2, IL-4, and IL5.
These ILs cause B cells to differentiate into plasma cells, which
start to produce numerous antibodies against S proteins. Further-
more, ILs also stimulate Th cells to proliferate into memory T
cells, acquiring the ability to neutralize or destroy the virus.15

Dosage and administration
The dose regimen in adults and adolescents � 12-years old com-
prises two doses of 0.3 ml (30 lg mRNA), with a 21-day interval
between doses. A booster dose (third dose) can also be adminis-
tered at least 6 months after the second dose for persons 18 years
of age and older. Moreover, a third dose (0.3 ml) is authorized for
persons at least 12-years old who have undergone solid organ
transplantation, or who have been diagnosed with immunocom-
promising conditions at least 28 days after the second dose. In
children aged 5–11 years, the vaccination schedule is two
0.2 ml (10 lg) doses 21 days apart. An additional dose can be
given to persons 5 years of age or older with a severely weakened
immune system at least 28 days after their second dose. Admin-
istration of the various doses should be intramuscular, preferably
in the deltoid muscle.16,17

Efficacy
In humans, different clinical trials analyzed the effectiveness of
various concentrations of vaccine administration (1, 10, 20,
and 30 lg) in healthy adults aged 18 years or older who had
not been infected with SARS-CoV-2. After administration of
two doses at an interval of 21 days, a significant dose-
dependent increase in anti-S immunoglobulin (Ig)-G was found,
which was enhanced after the second dose. These values were
higher in participants aged 65 to 85 years. Likewise, viral neutral-
ization values were also dose-dependently elevated, especially
after the second dose of the vaccine and in populations aged
16–55 years.18–20 Phase III multicenter clinical trials established
an efficacy of 91.3–100 % in the study populations aged 12 years
and older 7 days after receiving two doses (30 lg each) of the
BNT162b2 vaccine, and of 75 % after receiving the first dose.21–
23 Recently, the effectiveness of immunization with a third dose
of BNT162b2 was evaluated in individuals older than 30 years
with no history of SARS-CoV-2 infection. Regardless of the type
of vaccine previously applied, 15 lg (half dose) of BTT162b2
increased anti-S IgG as well as virus neutralization compared
with the placebo group 28 days after the third dose.24

In relation to the different variants, the BNT162b2 vaccine is
effective against the alpha (B.1.1.7), beta (B.1.351), and delta
(B.1.617.2) variants.22,24,25

Different studies of the immunogenicity of the BNT162b2
vaccine in various pathological conditions, such as oncology,
hematological problems, autoimmune disorders, and multiple
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TABLE 1

Summary of the characteristics, efficacy, and adverse effects of SARS-CoV-2 vaccines from the studies included in the review.

Vaccine characteristics Administration Efficacy Adverse effects Refs

Comirnaty (BNT162b2)
Lipid NP vaccine comprising

packaged strands of modified
mRNA

Dose regimen: two doses of
0.3 ml (30 lg mRNA), with a 21-
day interval between doses
A booster dose (third dose) can
also be administered at least
6 months after second dose

91.3–100 % efficacy in populations
12 years and older
Increased levels of IgG antibodies
and virus neutralization
Third dose (15 lg) increased anti-S
IgG secretion and virus
neutralization
Also effective against B.1.1.7, B.1.351,
and B.1.617.2 variants

Events at local level: pain at injection site, erythema, urticaria, or
swelling
Mild-to-moderate systemic reactions: fatigue, headache, chills,
muscle pain
Severe adverse effects: lymphadenopathy, severe chest pain,
hypertension, allergy, paroxysmal ventricular arrhythmia, shoulder
injury, paresthesia in right leg

13,14,16,17,19,21–

29,31–34

Spikevax (mRNA-1273)
Nucleoside-modified mRNA vaccine Dose regimen in persons

12 years and older: two doses of
100 lg (0.5 ml)
In children 6–11-year old: two
doses of 50 lg (0.25 ml) each

93.2–94.1 % efficacy
After second dose, increase in IgG
anti-RBD and anti-S antibodies
observed
Neutralized wild-type, B.1.1.7,
B.1.351, P.1, and B.1.617.2 variants

Mild adverse events at local level: pain at puncture site, erythema,
induration or swelling, itching, and lymphadenopathy
Most-frequent mild-to-moderate systemic reactions: headache,
fatigue, myalgia, arthralgia.
Serious adverse effects (cardiorespiratory arrest, hypersensitivity
reaction, thrombotic events, pericarditis, death, and Bell’s palsy)
could not be attributed to vaccine because of limited data

36–48,52

Janssen (Ad26.COV2.S)
Monovalent vaccine comprising

adenovirus vector without
replicative capacity type 26 human
adenovirus

Dose regimen: in persons aged
18 years or older, single dose of
0.5 ml (5 � 1010 viral particles)

52.9–66.1 % efficacy at 28 days after
administration
To prevent severe disease, efficacy
was 85.4 % at 28 days post-
vaccination
Effective against B.1.1.7, B.1.617.2,
P.1, C.37, and B.1.621 variants
Administration of booster dose in
patients with blood cancers
generated immune response against
COVID-19
Number of anti-S IgG antibodies
similar in patients aged 18–55 and
65 years and older

Most-frequent local reaction: pain at site injection
Systemic reactions: headache, fatigue, myalgia, nausea, fever
Severe reactions: lymphadenopathy, Guillain–Barré syndrome and
thrombosis combined with thrombocytopenia or immune
thrombocytopenia, anaphylaxis and capillary leak syndrome

53–55,57–60

Vaxzevria (ChAdOx1 nCoV-19)
Replication-deficient recombinant

adenovirus vector-based vaccine
Dose regimen: two doses of
0.5 ml intramuscularly

74 % efficacy 15 days after second
dose
Hospitalization and death because of
COVID-19 reduced after vaccination
Effective against wild-type and B.1
0.35, B.1.1.7, B.1.351, P.1, and P.2
variants

Most-frequent (mild to moderate) local and systemic effects:
injection site pain, headache, decreased appetite, hyperthermia,
fatigue, muscle pain
Severe adverse events: vaccine-induced immune thrombotic
thrombocytopenia, hemorrhage, anaphylaxis, Guillain–Barré
syndrome, late inflammatory skin reactions, bleeding episodes,
death

61,62,65–88

Nuvaxovid (NVX-CoV2373)
Recombinant, adjuvanted, full-length,

purified protein S subunit vaccine,
stabilized in its prefusion
conformation

Dose regimen: two doses of
0.5 ml with interdose interval of
3–4 weeks

90.4–100 % efficacy against
moderate-to-severe disease
Synergic action of NVX-CoV2373 and
influenza virus vaccine showed an
efficacy of 89.7 %
86.3 % efficacy against B.1.1.7 variant

Local and systemic adverse effects: headache, nausea and
vomiting, myalgia, arthralgia, injection site tenderness, injection
site pain, fatigue, malaise, redness and/or swelling at injection site,
fever, chills, pain in extremities, lymphadenopathy, hypertension,
rash, erythema, pruritus, urticaria

89,90,93–99
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FIG. 1
Severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) spike (S) mRNA is chemically synthesized and enclosed in lipid nanoparticles.
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sclerosis, have shown that IgG antibody and virus neutralization
titers were higher after vaccine administration. However, the
antibody response was significantly lower compared with
healthy individuals.26–33

Adverse effects
Reactogenicity in healthy individuals has generated local and
systemic effects, most of them mild or moderate, ceasing over
the first 2 days after vaccination, and not being present beyond
day 14 after the second dose. Events at the local level reported
with a higher frequency include pain at the injection site, ery-
thema, urticaria, or swelling.19,21–23,28,34 Mild-to-moderate sys-
temic reactions observed have been fatigue, headache, chills,
and muscle pain. Others less frequent were fever, diarrhea,
abdominal pain, joint pain, loss of appetite, loss of smell, hyper-
hidrosis, and vomiting; the latter four being unusual.19,21–23,28,34

Severe vaccine-associated adverse effects, such as lymphadenopa-
thy, severe chest pain, hypertension, allergy, paroxysmal ventric-
ular arrhythmia, shoulder injury, and paresthesia in the right leg,
have been very rare.21,22,34

Local and systemic adverse events found in patients with can-
cer, and those with hematological problems, autoimmune disor-
ders, and multiple sclerosis have also been common in healthy
patients. By contrast, severe effects, such as impaired liver func-
tion, mild neutropenia, mild thrombocytopenia, chronic graft-
vs-host disease of the skin, and signs of obliterative bronchiolitis,
were more frequent in these participants than in healthy
individuals.27,31,35

Spikevax
Composition and mechanism of action
Spikevax, or mRNA-1273, is a nucleoside-modified mRNA vac-
cine that encodes a stabilized version of the SARS-CoV-2 S pro-
4 www.drugdiscoverytoday.com
tein, enabling expression of the S antigen in host cells and
eliciting an immune response through both T and B cell
responses and specific antibody responses against the S antigen,
which protects against COVID-19 (Fig. 1).36,37
Dosage and administration
The recommended dosing in persons 12 years of age and older is
two doses of 100 lg (0.5 ml). Similarly, in children 6–11-years
old, the recommended guideline is two doses of 50 lg (0.25 ml)
each. Both regimens should be administered within 28 days
between doses and should be administered intramuscularly in
the deltoid muscle. In severely immunocompromised patients,
a booster dose of 0.5 ml (100 lg) can be administered at least
28 days after the second dose to individuals 12 years of age or
older or 0.25 ml (50 lg) to children 6–11 years of age. Similarly,
in adults 18 years of age or older, a booster dose of 0.25 ml
(50 lg) is indicated at least 3 months after completion of the pri-
mary series, comprising another mRNA vaccine or adenoviral
vector vaccine.38,39
Efficacy
The efficacy of the vaccine at different doses was tested in Phase I
and II clinical trials, in which immunogenicity was observed in
healthy patients aged 18 years or older, with no history of
COVID-19 infection, and after intramuscular administration of
two doses of Spikevax vaccine at concentrations of 50, 100,
and 250 lg, with 28 days between doses. A dose-dependent
immune response was observed with greater increases in IgG
anti-receptor binding domain (RBD) and anti-S antibodies, as
well as virus neutralization values, after the second dose.37,40–42

Nonetheless, participants older than 71 years had higher anti-
body levels.40 In addition, other multicenter Phase III clinical tri-
als reported that efficacies for the prevention of COVID-19
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disease after the administration of two doses of 100 lg in healthy
individuals aged 18 years or older of 93.2–94.1 %. The results
found severe disease prevention levels of 98.2–100 %.43,44 Other
authors found that serum from patients who received two or
three doses of Spikevax neutralized the wild-type (B.1.D614G),
B.1.1.7, B.1.351, Gamma (P.1), and B.1.617.2 variants of SARS-
CoV-2.45–47 In a healthy adolescent population aged 12–17 years,
the immune response from administration of two doses of
100 lg each showed an efficacy of 93.3 % 14 days after the sec-
ond injection.48 Similarly, Stuart et al.49 found a greater response
in participants older than 49 years who received an initial dose of
Spikevax and a second heterologous dose of ChAdOx1 or
BNT162b2; other than in anti-S IgG antibody values, where there
was no difference between the group receiving the homologous
(ChAd/ChAd) and heterologous (ChAd/Spikevax) vaccines.
Moncunill et al.50 observed an increase in anti-S and anti-RBD
IgA and IgG and neutralization values after the second dose of
Spikevax compared with those obtained after the two-dose
schedule of BNT162b2 in healthcare professionals with a history
of previous SARS-CoV-2 infection. However, no IgM variations
were found between the two vaccines.

In addition, in individuals with solid tumors who received
chemotherapy, immunotherapy, or both, the administration of
two doses of 100 lg of Spikevax showed no difference in efficacy
compared with the immunogenicity generated in healthy indi-
viduals.51 By contrast, patients with lymphoid malignancies
showed lower IgG anti-S antibodies levels compared with
healthy patients.32
Adverse effects
Most of the adverse effects of vaccination for all age groups stud-
ied were mild to moderate, remitting within the first 10 days after
vaccination, and occurred more frequently in those under
65 years of age.43 The most-frequent local reactogenicity associ-
ated with vaccine administration was pain at the puncture site.
Less-frequently reported symptoms were erythema, induration
or swelling, itching, and lymphadenopathy.37,40,41,43,44,48,52 Sys-
temic effects reported were headache, fatigue, myalgia, and
arthralgia in the highest proportion; chills, fever, and nausea or
vomiting in the lowest proportion; and dizziness, decreased
appetite, muscle spasms, decreased sleep quality, and brain fog
in rare cases.37,40,41,43,44,48,52 Serious events, such as cardiorespi-
ratory arrest, hypersensitivity reaction, thrombotic events, peri-
carditis, death, or Bell’s palsy, could not be attributed to the
vaccine because of limited data.41,43,44
Ad26.COV2.S: Janssen�

Composition and mechanism of action
Ad26.COV2.S is a monovalent vaccine comprising an adenovirus
vector without replicative capacity type 26 human adenovirus
(Ad26). Each 0.5-ml dose contains at least 8.92 log10 infectious
units produced by the PER.C6 TetR cell line through recombi-
nant DNA. Its viral vector-based formulation allows delivery of
the mRNA to host cells and transient expression of the S protein,
stimulating the production of both neutralizing antibodies and
other anti-S-specific functional antibodies, contributing to pro-
tection against COVID-19 (Fig. 2).53
Dosage and administration
Ad26.COV2.S is indicated for use in persons aged 18 years or
older. There are currently no data on the safety and efficacy of
this drug in the non-adult population. The vaccine is adminis-
tered as a single dose of 0.5 ml (5 � 1010 viral particles) intramus-
cularly. A second booster dose of 0.5 ml has been considered, at
least 2 months after the first injection. This vaccine could also be
used as a heterologous booster in patients who have been vacci-
nated with other mRNA vaccines, with the same time interval
between the first and second dose as indicated above.54,55

Efficacy
The clinical efficacy of this vaccine was initially evaluated in a
Phase I clinical trial in 18–55-year-old participants with no his-
tory of COVID-19 infection. It was shown that immunogenicity
(production of anti-S and anti-RBD IgG antibodies and virus neu-
tralization) was superior after receiving one or two doses of Ad26.
COV2.S vaccine versus placebo. By contrast, there was no differ-
ence in the immune response produced between individuals who
received one or two doses, or between those who received a high
(1 � 1011 viral particles of Ad26.COV2.S) or low (5 � 1010 viral
particles of Ad26.COV2.S) dose.56

Subsequently, in a Phase I/II clinical trial by Sadoff et al.57 it
was observed that the number of anti-S IgG antibodies was sim-
ilar in a cohort of patients aged 18–55 and 65 years and older
after the use of the high or low dose. In those participants aged
18–55 years, the immune response was higher than in the 65
+ age group. In addition, a second dose 56 days after the first dose
was found to increase immunogenicity after 14 days.

Other multicenter Phase III clinical trials studied the efficacy
of Ad26.COV2.S after one and two doses. Administration of
one dose of Ad26.COV2.S (5 � 1010 viral particles) had an effi-
cacy of 56.3–66.9 % 14 days, and of 52.9–66.1 % 28 days after
administration. Furthermore, its ability to prevent severe
COVID-19 disease was 76.7 % at 14 days, and 85.4 % at 28 days
post-vaccination. In addition to this efficacy against the wild-
type strain, administration of Ad26.COV2.S showed greater than
69 % effectiveness against the B.1.1.7, B.1.617.2, P.1, C.37
(lambda), and B.1.621 (mu) variants.58,59

Notably, administration of a heterologous booster dose of
Ad26.COV2.S in patients with blood cancers, who showed no
antibody response after a double-dose of BNT162b2, generated
a serologically positive response in 31 % of participants at
28 days. By contrast, although this booster dose increased anti-
S antibody levels, the immune response was lower in patients
with chronic lymphocytic leukemia or lymphoma.60

Adverse effects
Different clinical trials described the most-frequent local and sys-
temic reactions after the first and second doses of Ad26.COV2.S.
These reactions were dose dependent, generally mild to moder-
ate, and more frequent in patients aged 65 years and older. The
most-frequent local reaction was pain. In addition, the most
common systemic reactions were headache, fatigue, myalgia,
nausea, and fever. Other less-frequent local and systemic reac-
tions were reported, including tremors, dizziness, paresthesia,
sneezing, oropharyngeal pain, diarrhea, rash, hyperhidrosis,
asthenia, malaise, lymphadenopathy, hypersensitivity, urticaria,
www.drugdiscoverytoday.com 5
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FIG. 2
Viral vector vaccines are created using recombinant DNA techniques and involve the use of an attenuated adenovirus that carries the genetic code for the
severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) spike (S) protein.
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hypoesthesia, tinnitus, venous thromboembolism, vomiting,
Guillain–Barré syndrome and thrombosis combined with throm-
bocytopenia or immune thrombocytopenia, anaphylaxis, and
capillary leak syndrome.58–60
Vaxzevria
Composition and mechanism of action
The vaccine developed by Oxford University in collaboration
with AstraZeneca, known as Vaxzevria, ChAdOx1 nCoV-19 or
AZD1222, is a replication-deficient recombinant adenovirus
vector-based vaccine that induces the expression of SARS-CoV-
2 protein S in host cells.61,62 Vaccinated individuals generate
antibodies against protein S, including those related to RBDs,
which have numerous neutralizing epitopes or neutralization
antigens (Fig. 2).63,64

Dosage and administration
The vaccine is indicated for persons aged 18 years and older, and
the schedule requires two doses of 0.5 ml each, with an interval
of 4–12 weeks between doses, preferably administered intramus-
cularly, in the deltoid muscle.65,66

Efficacy
Preclinical trials in which single or double-dose ChAdOx1 nCoV-
19 was administered reported evidence of prevention of SARS-
CoV-2 infection in rhesus macaques.67 Moreover, other Phase
I/II clinical trials showed the immunogenicity of ChAdOx1
nCoV-19 in healthy individuals aged 18–55 years with no history
of SARS-CoV-2 infection, reporting increased levels of anti-S IgG
6 www.drugdiscoverytoday.com
antibody and neutralization against wild-type virus after both
one and two doses compared with a control group (Meningococ-
cal ACWY vaccine). Nevertheless, the second dose induced stron-
ger antibody responses.68–70

A multicenter Phase II/III clinical trial showed that adminis-
tration of a second dose to different age groups produced a pos-
itive antibody response to SARS-CoV-2.71 In line with this, a
Phase III clinical trial showed how the ChAdOx1 nCoV-19 vac-
cine is a safe and effective vaccine for the prevention of symp-
tomatic COVID-19. In this study, 74 % efficacy was observed
15 days after the second dose of ChAdOx1 nCoV-19.72 These dif-
ferent clinical trials show that, after the start of vaccination pro-
grams in different countries with ChAdOx1 nCoV-19, there was
a reduction in hospitalization and death resulting from COVID-
19, as well as a decrease in the probability of symptomatic disease
and transmission of the virus.73

It has also been shown that the ChAdOx1 nCoV-19 vaccine is
effective against variants B.1.1.7, B.1.351, P.1, and P.2
(Zeta).70,74,75
Adverse effects
The most-frequently reported mild-to-moderate local and sys-
temic effects are injection site pain, headache, decreased appe-
tite, hyperthermia, fatigue, and muscle pain, all appearing
within the first 15 days after vaccine administration.69,72,76 Con-
versely, although the association is unclear, certain serious
events have been associated with the administration of the ChA-
dOx1 nCoV-19 vaccine, such as vaccine-induced immune
thrombotic thrombocytopenia, hemorrhage, anaphylaxis,77–81
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FIG. 3
Subunit vaccines in which all or part of the severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) spike (S) protein is expressed in insect cells without
introducing viable particles of the pathogen.
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Guillain–Barré syndrome,82–86 late inflammatory skin reac-
tions,87 bleeding episodes, and death.88 These severe symptoms
caused the temporary suspension of the administration of ChA-
dOx1 nCoV-19 in different European countries in March 2021.
Nuvaxovid
Composition and mechanism of action
Nuvaxovid (NVX-CoV2373) is a recombinant, adjuvanted, full-
length, purified protein S subunit vaccine, stabilized in its prefu-
sion conformation. This protein is responsible for mediating
binding to the ACE-2 receptor on host cells. Each dose contains
42.5 lg of A-fraction and 7.5 lg of C-fraction of Matrix-M adju-
vant based on a saponin extracted from the bark of the Chilean
Quillaja saponaria tree (Fig. 3).89,90 The components of this vac-
cine demonstrated clinical efficacy against SARS-CoV-2 by induc-
ing an immune response with high anti-S IgG antibodies that
prevent binding of the ACE-2 receptor and achieve protection
against the virus.91–93 Similarly, a response mediated by CD4+

and CD8+ T cells with a dominant Th1 phenotype and B cells
is triggered. Thus, when the virus re-enters the host, the immune
system recognizes the S protein, triggering the S cell-mediated
immune response.
Dosage and administration
The recommended regimen is two doses of 0.5 ml (5 lg of recom-
binant S protein with 50 lg of Matrix-M adjuvant) administered
intramuscularly into the deltoid muscle, with an interdose inter-
val of 3–4 weeks.94,95
Efficacy
The efficacy of this vaccine is being evaluated in several Phase II
and III clinical trials. A multicenter, randomized, Phase II clinical
trial was conducted in South Africa in subjects aged 18–84 years
old who were HIV-positive or stable seropositive and who
received two doses of NVX-CoV2373 or placebo 21 days apart.
Vaccine efficacy was 49.4 % against mild or moderate COVID-
19 disease among all participants (HIV seropositive and seroneg-
ative), and 60.1 % against disease prevention in seronegative par-
ticipants only. In addition, disease efficacy attributed to the
B.1.351 variant was 43.0 % for the total population studied,
and 51.0 % for the HIV-seronegative population.96

The efficacy of the vaccine in healthy subjects with no history
of infection was reported in a multicenter randomized Phase III
clinical trial, in which participants received two doses of NVX-
CoV2373 separated by 21 days or two placebo injections. The
results showed that administration of NVX-CoV2373 prevented
mild-to-moderate COVID-19 disease by 90.4 %, with 100 % effi-
cacy against moderate to severe disease.97

A Phase III clinical trial in the UK in individuals aged 18–
84 years who received two doses of 5 lg NVX-CoV2373 and a
concomitant dose of influenza virus vaccine reported an efficacy
of 89.7 %, describing ten cases of virologically confirmed mild,
moderate, or severe symptomatic COVID-19 with onset at least
7 days after the second dose in vaccinated patients, and 96 cases
in placebo group patients. In terms of the effects described for
the different age groups, efficacy was 88.9 % among participants
aged 65 years or older, whereas efficacy in the 18–64 age group
was 89.8 %.98
www.drugdiscoverytoday.com 7
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According to the virus variant, results showed 86.3 % efficacy
against the B.1.1.7 variant. No cases of severe COVID-19 were
reported in participants who received NVX-CoV2373 compared
with four cases of severe COVID-19 reported in participants
who received a placebo.98 Remarkably, among individuals who
received concomitant and influenza virus vaccination, no alter-
ations in influenza virus immunization were identified, although
a 30 % reduction in antibody responses to NVX-CoV2373 was
observed. However, co-administration of both vaccines resulted
in increased reactivity compared with a single administration
of NVX-CoV2373.99

Adverse effects
Local and systemic adverse effects reported after administration
of NVX-CoV2373 vaccine were headache, nausea and vomiting,
myalgia, arthralgia, injection site tenderness, injection site pain,
fatigue, malaise, redness and/or swelling at the injection site,
fever, chills, pain in the extremities, lymphadenopathy, hyper-
tension, rash, erythema, fever, chills, pain in the extremities,
lymphadenopathy, hypertension, rash, fatigue, malaise, redness
and/or swelling at the injection site, fever, chills, pain in the
extremities, lymphadenopathy, hypertension, rash, erythema,
pruritus, or urticaria.89,93,96,97,99

Comparative summary by platform
Vaccines the formulation of which is based on modified mRNA
encoding the S glycoprotein of SARS-CoV-2, such as BNT162b2
(Comirnaty) and Spikevax (Moderna,) have shown, in different
clinical trials, an efficacy of 91.3–100 % (BNT162b2) or 93.2–
100 % (Spikevax) to prevent COVID-19 disease in healthy adults
aged 18 years or older who had not been infected with SARS-
CoV-2. Adenovirus vector-based vaccines, such as Ad26.COV2.S
(Janssen) or ChAdOx1 nCoV-19 (Astra-Zeneca), are indicated
for use in people aged 18 years or older, and revealed an efficacy
of 52.9–66.1 % to prevent SARS-CoV-2 infection and 85.4 % to
prevent severe disease at 28 days after administration of Ad26.
COV2.S, and 74 % efficacy to prevent COVID-19 disease 15 days
after a second dose of ChAdOx1 nCoV-19. NVX-CoV2373 vac-
cine (Novavax) is a recombinant protein S subunit vaccine indi-
cated for 18 years of age and older. The reported efficacy to
prevent mild-to-moderate disease after two doses was 90.4–
100 %. A comparative analysis of the different efficacy ranges
reported in the literature revealed that mRNA vaccines
(BNT162b2 and Spikevax) have a higher percentage of preven-
tion against COVID-19 disease, followed by recombinant protein
S subunit vaccines (NVX-CoV2373), and adenovirus vector-
based vaccines (Ad26.COV2.S and ChAdOx1 nCoV-19). The vac-
8 www.drugdiscoverytoday.com
cine with the lowest preventive effect against SARS-CoV-2 is the
ChAdOx1 nCoV-19 vaccine.

Local and systemic adverse effects of the vaccines tested,
which have also been equally reported with all the vaccines,
include injection site tenderness, pain at the injection site, fati-
gue, headache, chills, myalgia, or fever. Additionally, certain seri-
ous events have been associated with the administration of the
Ad26.COV2.S and ChAdOx1 nCoV-19 vaccines, such as
vaccine-induced immune thrombotic thrombocytopenia, hem-
orrhage, Guillain-Barré syndrome, and death.

Concluding remarks
The SARS-CoV-2 pandemic has caused millions of deaths world-
wide, resulting from a sanitary and economic burden that has
required the development of vaccines in a limited timeframe.
Vaccines approved by the EMA and FDA have been developed
on different vaccine platforms, such as mRNA-based, viral
vector-based, inactivated virus-based, or protein subunit-based
vaccines. Based on available evidence, these agency-approved
vaccine modalities show a high degree of efficacy (52.9–100 %)
and safety, and offer a new paradigm for a future pandemic.
However, most of the clinical trials have not been completed
and further studies are needed to ensure long-term efficacy and
safety.
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