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Coronavirus SARS-CoV-2: Where do we stand?
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Abstract

An outbreak of coronavirus infection named SARS-CoV-2 emerged in December 2019 in Wuhan, a
province of China. It caused a worldwide pandemic that led to devastating effects on healthcare systems
and the economy. The contagiousness of the infection and the consequences of the disease in everyday life
highlighted the great need for a suitable treatment against coronavirus as soon as possible. Therefore, lots
of scientists all around the world focused on the discovery of a proper therapy against the virus. The pres-
ent article explains the main differences in the clinical picture among different patients, the characteristics
and concomitant diseases of more vulnerable people, medicines, and vaccines used in mass vaccinations.
The first data that concern the effectiveness of vaccines from the countries that have already started mass
vaccinations are positive. It is very early to conclude about the efficacy of vaccines in the population. How-
ever, the appearance of novel virus mutations raises concerns and forces some countries to impose further
restrictions. The latest and the most contagious variant, known as Omicron, seems to decrease the global
pandemic significantly.
Keywords: SARS-CoV-2, pathophysiology, diagnosis, symptoms, therapies, vaccines.

Pe3rome

Ornuiie Ha KopoHaBupycHa nHpekuus, Hapedena KOBU/I-19, ce mosBu npe3 nekempu 2019 1. B
VxaH, npouHiua Ha Kutaii. ToBa npenus3Buka CBETOBHA MaHIAEMHUS, KOSITO JOBEAE A0 OMYCTOIIMTEIHU
e(eKTH BbpXY 3APAaBHUTE CUCTEMU U MKOHOMHKATa. 3apa3HOCTTa Ha WH(PEKIUATA U TIOCIEACTBHUATA OT 00-
JIECTTA B ©KETHEBHUETO MOIIepTaXa TojiiMaTa HeOOXOIUMOCT OT MOIXOIAIIO JICUCHHE CPEIy KOPOHABUPYC
BB3MOKHO Ha-CKOPO. 3aTOBA MHOTO YU€HH I10 IS CBAT c€ (POKycHpaxa BbPXY OTKPHUBAHETO HA MOIXO-
Jsi1Ia Tepanusi cpenty Bupyca. Hacrosmara cratust o0sicHsSIBa OCHOBHHUTE Pa3iMKU B KIIMHUYHATA KapTHHA
MIPY PA3JIMYHUTE TAIMCHTH, XapaKTEPUCTUKUTE ¥ CHITHTCTBANINTE 3a00JISIBAHISI TIPU TTO-YS3BUMHUTE X0pa,
JIeKapCTBaTa U BAKCUHUTE, U3MOJI3BAHM TIPU MAaCOBUTE BaKCHHAIMH. [IbpBUTE JaHHU, KOUTO KacasT edek-
TUBHOCTTA Ha BAKCUHUTE OT CTPAHUTE, BEUE Ca 3alI0YHAJIM MACOBO BAKCMHUPAHE Ca MOJOKUTEIHU. MHOTO
€ PaHo Jla ce MPaBAT 3aKJII0UCHUS 32 €(DUKACHOCTTA HA BAKCHHUTE B TomyJanusiTa. [losBara Ha HOBU BUpYC-
HU MyTaIuu, o0ade mpeIn3BUKBa O€3MOKOWCTBO U MPUHYXIaBa HIKOW CTPAHU J1a HAJIOXKAT JTOMbIHUTECITHA
orpannyeHusi. Hali-HOBUSAT U Hali-3apa3HUSIT BApUAHT, U3BECTEH Kar0 OMUKPOH, U3IJIeXk1a HamalsiBa 3Ha-
YUMOCTTA Ha NIo0aHaTa MaHeMHUs.

Introduction

The coronavirus infection emerged in Wuhan,  epidemic is an outbreak of a disease that spreads
a China province, and spread rapidly from China  over a large geographic area. Pandemics can result
to other regions and countries worldwide; thus, the  inasignificant loss of human life and are considered
pandemic took over. Europe became the epicenter  public threats. During a pandemic, many things that
of the coronavirus pandemic, and the virus spread  were previously for granted change. There is no
to the United States. The percentage of active cases  doubt that a suitable drug or vaccine that can fight
of COVID-19 and deaths was very high, especially  coronavirus infection is the only solution for life to
in Italy and many regions of the United States. Pan-  return to the pre-coronavirus state; thus, a vaccine
demics indicate epidemics that spread globally. An  or a cure constitutes one of the most valuable so-
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cial goods nowadays. That is why the research in
this field is of great interest, and many scientists
focused on it from the beginning of the pandem-
ic. The main aim is the massive protection of the
population against infection. Many existing drugs
were used to treat patients who suffered from the
virus. Although various treatments against the virus
and mass vaccinations have already started, all the
countries worldwide continue to fight the spread
through social distancing, lockdowns, personal pro-
tective equipment (PPE), and proper hygiene (Val-
samatzi-Panagiotou and Penchovsky, 2022)That is
attributed to the fact that new mutations of the virus
appeared and that it will take time to vaccinate a
satisfactory amount of the population to create im-
munity (Grennan, 2019; Wang et al., 2020; Yuki et
al., 2020; Valsamatzi-Panagiotou, 2021).

Patients with comorbidities and SARS-CoV-2
infection

The paradox of the infection with the virus
is the heterogeneity of the severity of symptoms.
There are various reasons why the clinical picture
of different patients varies. The person’s age who
gets infected with the virus is one of the main fac-
tors. People after 65 years old are at a higher risk
of suffering from a severe infection than younger
people who present primarily with mild symptoms.
The explanation is that the immune system of the
elderly cannot start an effective initial defense. At
the same time, children are less affected because
their immune system is less likely to progress to
a cytokine storm. That is also shown by the data
published by Chinese researchers after the SARS-
CoV-2 outbreak (Fig. 1).

Fatality rate by age

Age:
0-9 | 0%
10-19 D 0.2%
20-29 D 0.2%
- 0.2%
30-39 D ° 1 of 10 patients
l:l age 70 and over
40-49 0.4% died
50-59 1.3%
60-69
70-79

14.8%

80+

Fig. 1. The age range of the people affected by the
SARS-CoV-2

The actual mechanism of action of ACE-2 in
the lungs is unknown, although it seems to play a
protective role against severe lung injury. A possi-
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ble scenario for the worse clinical picture of smok-
ers and patients with pulmonary disorders who suf-
fer from Covid-19 is the up-regulation of ACE-2
expression in the lower airways in chronic obstruc-
tive pulmonary disease (COPD) and active ciga-
rette smoking (Leung et al., 2020). Patients who
suffer from chronic diseases such as cardiovascular
diseases (CVD), diabetes mellitus (DM), chronic
respiratory diseases such as a chronic obstructive
pulmonary disease (COPD) and asthma, arterial
hypertension (AH), obesity, cancer, and patients
who are in medication with immunosuppressive
drugs are more vulnerable. If they get infected with
the virus, their clinical picture will worsen, and
the mortality rate will be higher than those with no
comorbidities. A possible explanation may be that
the pathogenesis of some chronic diseases may be
closely related to the pathogenesis of COVID-19.
In detail, there are some standard features between
chronic diseases and infectious disorders, such as
the proinflammatory state and the attenuation of the
innate immune response. In diabetes mellitus, in-
flammatory mediators such as IL-1p3 and TNFa are
released due to the accumulation of activated innate
immune cells in metabolic tissues, leading to sys-
temic insulin resistance and the damage of B-cells.
Individuals who suffer from metabolic disorders
seem to be more susceptible to the complications
of the infection due to their reduced immune func-
tion (Bourgonje et al., 2020; Hussain et al., 2020,
Martelli et al., 2020; Tadic et al., 2020; Yang et al.,
2020) (Fig 2).
Nevertheless, even though young people in-

fected by SARS-CoV-2 may be asymptomatic or

Fatality rate in patients with chronic diseases

No underlying
condition

Cardi?vascular 10.5%
disease

Diabetes 7.3%

Chronic respiratory
disease 1 of 10 patients

with cardiovascular

High blood disease died

preasure

Cancer

Fig. 2. The fatality rate in COVID-19 patients with
concomitant diseases

have mild symptoms, they should also be cautious
and avoid a possible infection with the virus. If
they get infected, they can be asymptomatic car-



riers and spread the infection to more vulnerable
people like the elderly and concomitant diseases.
There is no current data on the long-term effects
of the virus on the organism, which is also an im-
portant reason which highlights the need to reduce
the spread of the virus. Indeed, the patients who
recover from the infection should be monitored
carefully to prevent any possible long-term com-
plications of the virus (Pan et al., 2020; Yu and
Yang, 2020) (Fig. 3).

Case severity

Mild

80.9% Severe

. o

Fig. 3. Case severity of COVID-19 symptoms

The statistics of the patients who were infected with the
SARS-CoV-2 reveal that most of the patients experience mild
symptoms, some of them severe symptoms, and a few critical.

The nasal mucus contains mucins, electro-
lytes, IgA and IgG, lysozyme, lactoferrin, and ol-
igosaccharides with antiviral and antibacterial
proprieties. Besides, the production of hyaluronic
acid is also stimulated, which is responsible for
maintaining a good tropism in the nasal mucosa
and proper hydration of the mouth. Estrogens also
act directly on the bronchial epithelial cells by in-
creasing the production of mucous, which is rich
in antiviral agents. All these properties contribute
to estrogen’s protective role against the virus. In
contrast to estrogens, testosterone and progesterone
seem to cause an immune suppression of both in-
nate and cell-mediated immune responses. There is
a hypothesis that using medications as contracep-
tives responsible for keeping the female hormones
stable and high may have a protective role against
the virus. However, using those drugs increases the
risk of thromboembolic events in healthy patients,
especially those who smoke or suffer from a hema-
tological disease known as thrombophilia.

Another hypothesis involves the potential
utility of a local nasal spray with low-dose isofla-
vones from soya, a natural estrogen suspended in
a solution with sodium. This spray could stimulate
the nasal receptor by stopping or decreasing the ag-
gressiveness of the virus. The role of estrogens can
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also explain the clinical picture of children who suf-
fer from the virus and the fact that there are no gen-
der differences. Boys have a prevalence of estrogen
until their complete sexual maturity. Even though
estrogens seem related to gender differences, some
questions cannot be answered. During menopause,
the amount of estrogen is decreased, so we expect
the severity of the disease between the genders to
be the same. Although, gender difference is still
present among the elderly (D1 Stadio et al., 2020;
Grandi et al., 2020) (Fig. 4).

A Confirmed cases

B Confirmed deaths

Women 36.2%

Fig. 4. Confirmed cases vs. confirmed deaths

The figure shows that 28% of the infected men with the virus
passed away, while only 1.7% of women infected with the
virus passed away.

Symptoms of COVID-19

The most common symptoms of coronavirus
infection involve fever, cough, myalgia, fatigue,
generalized weakness, sputum production, head-
ache, sore throat, and dyspnea. Less commonly,
patients may present with hemoptysis, diarrhea,
vomiting, and dizziness. Indeed, some patients
present with symptoms like anosmia and ageusia.
It is believed that the virus affects the olfactory and
gustatory receptors. Some of the symptoms may
insist months after the recovery from the virus.
The younger patients who suffer from coronavi-
rus mostly have mild symptoms, while the clinical
picture of the elderly and people with concomitant
diseases is worse. Subsequently, the possibility of
mechanical ventilation is higher. There is a high
heterogeneity of symptoms between the patients af-
fected by the virus; some may be asymptomatic or
present only with mild symptomes.

In contrast, others may suffer the severe in-
fection, which mainly involves pneumonia hypoxia
and acute respiratory distress syndrome (ARDS)
that may turn into severe respiratory failure. ARDS
is a syndrome in which the patients present with
hypoxemia, and the X-ray of the lungs shows most-
ly bilateral effusion. At the same time, computed
tomography (CT) may reveal ground glass appear-



ance and patchy shadows. Lymphocytopenia is a
common finding in patients who suffer from coro-
navirus laboratory results. Several types of research
indicate that the prognosis of the patients whose
laboratory results presented increased rates of D-di-
mers, fibrinogen, and prolonged thrombin time is
worse, and they mostly end up with multi-organ
failure (Han et al., 2020; Huang ef al., 2020; Udu-
gama et al., 2020; Vaira et al., 2020; Yuki et al.,
2020; Zhang et al., 2020).

Comparison of existing vaccines

Several vaccines were approved and are used
all around the world for mass vaccinations. As we
already know, a vaccine is a biological preparation
that provides active acquired immunity to a particu-
lar infectious disease. It typically contains an agent
that resembles a disease-causing microorganism,
and it is often made from weakened or killed forms
of the microbe, toxins, or surface proteins. There
are six types of vaccines 1) Inactivated, ii) Live at-
tenuated, iii) Subunit, iv) Viral vector, v) Toxoid,
and vi) Nucleic acid vaccines (Chung et al., 2020)

(Fig. 5).
B =\

1) Inactivated : Hepatitis A, HIN1, Polio, Covid-19

Vaccines

2) Live-attenuated : Measles, mumps, rubella (MMR), Rotavirus,
Chickenpox, Yellow fever

3) Subunit: Hib, Hepatitis B, HPV, Covid-19
4) Viral vector : Ebola, Covid-19

5) Toxoid vaccines: Diptheria, Tetanus

()Nucleic acids (DNA, RNA, mRNA): Covid-19

/

Fig. 5. Types of vaccines and examples

The research for the vaccines for SARS-
CoV-2 focused on the S protein, which forms the
spikes of the virus. The vaccines currently used for
mass vaccinations are mainly based on this mech-
anism and were created by Pfizer, Moderna, Astra-
Zeneca, The Gamaleya National Centre, Sinovax,
and Novavax. However, some vaccines have other
targets or multiple antigens, such as N protein or
attenuated vaccines, inactivated vaccines, and pep-
tide vaccines (Kalinin et al., 2018; Chung et al.,
2020; Le et al., 2020).

The Russian vaccine by the Gamaleya Na-
tional Centre, named Gam-COVID-Vac/ Sputnik
V, is a heterologous recombinant adenovirus (rAd)-
based vaccine and is the first registered vaccine on
the market against Covid-19 (date of registration
August 11, 2020). The vaccine seems to provide
cellular and humoral immunity even from the first
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vaccination dose, although the second dose offers a
durable and long-lasting immune response (Burki,
2020; Logunov et al., 2020; 2021). Sputnik V seems
to be effective and safe. The current data show that
the vaccine has an efficacy of 91%, which is very
positive (CNN 2021).

Another approved vaccine is from the phar-
maceutical company AstraZeneca named ChAdOx1
nCoV-19/ AZD1222, a viral vector vaccine consist-
ing of a replication-deficient chimpanzee adenovi-
ral vector ChAdOx1, containing the SARS-CoV-2
structural surface glycoprotein antigen and that a
side effect paused its clinical trials. The last stage
of the vaccine’s clinical trials halted due to a severe
adverse reaction observed in a participant known
as transverse myelitis (TM). TM is a neurological
disorder of the spinal cord caused by inflammation,
characterized by acute or subacute spinal cord dys-
function resulting in paresis, a sensory level, and
autonomic (bladder, bowel, and sexual) impairment
below the level lesion. The clinical trials stopped for
a while until the safety board figured out the corre-
lation between the manifestation of the disease with
the vaccination and resumed again. Finally, the vac-
cine was recommended for authorization in Europe-
an Union on January 29, 2021, by European Medi-
cines Agency (EMA) (Beh et al., 2013; West, 2013;
Voysey et al., 2021). The average efficacy of the
vaccine is 70% (CNN 2021). South Africa stopped
its rollout of the AstraZeneca vaccine due to a study
that concerns the mild or moderate people infected
with the 501Y.V2 variant and shows low efficacy.
However, there are no data about the severe cases of
the infection and the vaccine’s effectiveness.

The vaccine started to be used for massive
vaccinations worldwide since the appearance of
some cases of cerebral venous sinus thrombosis
(CVST), which were correlated with the vaccina-
tion, according to the European Medicines Agen-
cy (EMA). However, their pathophysiology is still
unknown, and the cases are rare. The EMA high-
lights that the benefits of the vaccination outweigh
the risks and reports 44 cases of CVST out of 9,2
million vaccinations in Europe. According to the
current vaccination status, Robert Koch Institute re-
ported 31 cases out of 2.7 million from the first and
767 patients from the second dose. Indeed, in an
amount of 19 people, platelet deficiency has been
observed. In Germany, from the end of March, the
vaccine of Astra Zeneca is not administered to peo-
ple under 60 years old because the cases of throm-
bosis occur mainly in younger people. Those who
have already been vaccinated should watch out for



symptoms like severe headaches after 2-3 weeks of
vaccination. In case of such symptoms, they should
get further evaluated by physicians. Countries like
France and the Netherlands also ceased vaccine
administration in younger people (Reuters, 2021;
Sterzik, 2021).

Jannsen, Johnson & Johnson created a vac-
cine named JNJ-78436735/ Ad26.COV2.S., a viral
vector vaccine, a recombinant, replication-incom-
petent adenovirus serotype 26 (Ad26) vector en-
coding the SARS-CoV-2 spike protein (Sadoff et
al., 2021). The difference with the other vaccines
is that only a single shot is needed to prevent the
manifestation of severe infection caused by the vi-
rus and hospitalization. In January 2021, the com-
pany announced the vaccine’s safety and efficacy
results, which came up from Phase 3 clinical trial
ENSEMBLE. The positive results show that the
vaccine is 85% effective in preventing severe dis-
ease manifestation. In Phase 3 of the clinical trial of
ENSEMBLE 2, the immune response after a two-
dose regimen is investigated (Johnson, 2021).

There is data about the vaccines based on
replication-incompetent Ad26 viral vectors. Their
safety and features are under investigation. The first
Ad26-based vaccine which was created was against
the Ebola virus. Sputnik V also uses a heterologous
recombinant adenovirus approach using adenovi-
rus 26 (Ad26) and adenovirus 5 (Ad5) as vectors
for the expression of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) spike pro-
tein. Jannsen, Johnson & Johnson also uses a repli-
cation-incompetent adenovirus serotype 26 (Ad26)
vector encoding the SARS-CoV-2 spike protein.
The immunogenicity of Ad26-based vaccines was
evaluated in humans, and the results show strong,
durable humoral and cellular immune responses.
The clinical trials have not revealed the impact
of pre-existing immunity to Ad26 on vaccine im-
munogenicity. That happens even in the presence
of Ad26 neutralizing antibody titers or Ad26-tar-
geting T cell responses at baseline. This data may
raise concerns about using the adenovirus in vac-
cines against COVID-19, and the immune response
should be investigated carefully (Jerome Custers,
2020; Jones and Roy, 2021; Sadoft et al., 2021).

Sinovac Biotech is a Chinese biopharmaceu-
tical company that developed an inactivated virus
vaccine named CoronaVac (PiCoVacc). This vac-
cine development technology has been traditionally
used and is safe and effective (Gao et al., 2020).
This vaccine was approved by the National Medi-
cal Products Administration (NMPA) for a clinical
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trial in adolescents and children on August 10, 2020
(Sinovax, 2020). The study conducted in Brazil
showed that the efficacy is 50.38% for those who
suffered very mild cases of Covid-19 and 78% for
mild to severe cases (CNN, 2021).

Novavax developed a subunit vaccine named
NVX-CoV2373, a recombinant nanoparticle vac-
cine composed of trimeric full-length SARS-CoV-2
spike glycoproteins and Matrix-M1 adjuvant
(Keech et al., 2020). In January 2021, Novavax
published the results of Phase 3 clinical trials con-
ducted in the U.K., which show that the vaccine’s
efficacy is 89.3% (Novavax, 2021).

Pfizer and Moderna used a novel technology
for the development of vaccines. The vaccine which
Pfizer developed is named BNT16b2, while the
name of Moderna’s vaccine is mRNA-1273. They
are mRNA vaccines. Both companies used similar
techniques for the development of vaccines. In de-
tail, they utilized mRNA that encodes for subunits
of the SARS-CoV-2 S protein. The mRNA is mod-
ified. These vaccines are encapsulated in lipid nan-
oparticles (LNPs) which can enter cells and enable
the expression of antigens from delivered nucleic
acids. Thus, they allow cytoplasmic delivery. Some
specific receptors in the cell’s endosome are called
toll-like receptors (TLRs), such as TLR 3, 7, and
8. RNA acts by activating these receptors. Indeed,
TLRs 7 and 8 recognize single-stranded RNA and
participate in recognizing the virus, making them
very important for mRNA vaccines.

As mentioned above, the vaccines are encap-
sulated in LNPs, improving RNA phagocytosis by
antigen-presenting cells (APCs). Nuclease degra-
dation and weak immune stimulation are the results
of the unsuccessful endocytosis of the RNA. The
mRNA is translated into the cytoplasm inside the
cell, leading to a higher amount of antigen in small-
er doses. However, mRNA expression is short-
er-lived (Chung et al., 2020; Wang et al., 2020;
Harky et al., 2021). The data from utilizing the vac-
cines developed by Pfizer-BioNTech and Moderna
are very positive and show an efficacy rate of about
95% (Mahase, 2020a, b; Baden et al., 2021; CNN,
2021). The development of an adequate safety da-
tabase is significant for a novel vaccine to be ap-
proved and accepted by the public. Immunization
programs and the population’s education are nec-
essary to lessen the concerns about the vaccine’s
safety (Table 1) (Le et al., 2020; Wang et al., 2020).

Mutations of SARS-Cov-2 and evolution
It is believed that SARS-CoV-2 is capable of
recognizing and binding the ACE-2 receptors very



Table 1. Comparison of the vaccines available on the market

Company Name Type of Efficacy Doses Period
vaccine between doses

Pfizer BNT162b2 mRNA 92% from first data 2 3 weeks

BioNTech Israel

Moderna mRNA-1273 mRNA 94.1% 2 4 weeks

NIAID

AstraZeneca ChAdOx1 nCoV-19/ Viral vector 59.5% (2 doses) 2 4-12 weeks

Oxford AZD1222

The Gamaleya Sputnik V/ Gam-COVID-Vac  Viral vector 92% (2 doses) 2 3 weeks

National Centre

Jannsen JNJ-78436735/ Viral vector  66% but 85% in the 1 -

Johnson & Ad26.COV2.S. appearance

Johnson of serious cases

Sinovac Biotech CoronaVac (PiCoVacc) Inactivated 50.6% 2 2 weeks

virus (data from Brazil)
Novavax NVX-CoV2373 Subunit 95.6% (7 d after the 2 4 weeks

second dose)

strongly due to a mutation that made the virus ca-
pable of infecting humans. Although the odds of
a random bat virus having the right traits to infect
people were low, this is the most reasonable expla-
nation of the virus’s origin. Since the beginning of
the pandemic, the virus has not changed a lot. Still,
it mutated in a standard way that all viruses do due
to evolution and adaptation processes. Most of the
mutations did not have a significant impact.

More specifically, the D614G variant was the
first one found in Australia and India in May 2020.
It was followed by a variant known as 201/501Y.
V1,VOC 202012/01, or B.1.1.7, which appeared in
December 2020 in the United Kingdom. This vari-
ant has a mutation- N501Y in the receptor-binding
domain (RBD) of the spike protein used by the vi-
rus to attach to human cells. Except for this, several
other mutations, such as 69/70 deletion and P681H.
Another variant known as 20H/501Y.V2 or B.1.351
was found in South Africa, and the P.1 variant was
identified in Brazil and Japan. The South African
variant has multiple mutations in the spike protein
as K417N, E484K, and N501Y. The P.1 variant
has three mutations in the spike protein and, more
specifically, in the RBD, which are the following
K417T, E484K, and N501Y. The effectiveness of
the Pfizer vaccine against E484K mutation present
in B.1.351 and P.1 lineages was evaluated in a study.
The results presented that the serum neutralization
efficacy was lower but not absent against this mu-
tation, which means that the mutation in the RBD
of the spike protein affects antibodies binding from
convalescent and vaccinated donors. Thus, highest
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titers of antibodies are needed to increase the possi-
bilities of protection even in cases of antigenic drift.

Although there is no such reliable data yet, the
results from the first researchers show that B.1.1.7
variant is more contagious and may increase the
mortality rate. In detail, the data from three regions
of England showed that the variant is 56% more
transmissible than previously identified variants.
In contrast, the data available from Danish stud-
ies showed that this variant is 36% more infectious
than the others. The novel variants create conflicts
for the efficacy of the vaccines against the variants.
According to the U.N. health agency, the B.1.617
variant of the SARS-CoV-2, also known as the Indi-
an strain, is increased transmissibility and reduced
neutralization.

There is a belief that the vaccines are still ad-
equate; nevertheless, some companies as Moder-
na, made a third booster dose of the vaccine called
mRNA-1273.351, which is in Phase I studies in the
U.S.A. to test if it can increase the immunological
effect against variant B.1.351 that raised the most
concerns about the efficacy of the vaccines. Research
about the effectiveness of the Moderna vaccine was
published, and the results show reduced but still sig-
nificant neutralization against the full B.1.351 var-
iant following mRNA-1273. More effective meas-
ures should be taken to restrict the spread of the var-
iants. These include the proper diagnostic tools as
next-generation sequencing technologies are need-
ed to find novel variants and increase surveillance
levels. Personal protective equipment is still inevi-
table. Indeed in some states of Germany as Bayern,



it is suggested only the use of FFP2-N95-KN95
masks from the population, which filter about 95%
of aerosol-containing particles compared to stand-
ard surgical masks, to decrease the possibility of
variants transfer between the people (Plante et al.,
2020; Kai Wu, 2021; Prevention, 2021; Regli et al.,
2021; Sonia Jangra, 2021; Tanne, 2021).

Unfortunately, all vaccines developed for
the time being express the spike protein of SARS-
CoV-2. Suppose some of them had expressed a dif-
ferent SARS-CoV-2 protein. In that case, combin-
ing two vaccines could have induced two different
types of antibodies to tackle various variants of the
SARS-CoV-2 more efficiently.

The latest known variant of SARS-CoV-2,
Omicron BA.2.12.1, is more transmissible than oth-
er variants. Thus, it is more likely to cause reinfec-
tions than other variants. Omicron may sometimes
cause severe conditions and death; however, it is
generally milder than infections caused by the Del-
ta variant. Now, there are vaccines specific against
the omicron variant.

Discussion

An effective vaccine or medication is the
only possibility to return to pre-COVID-19 societal
behavior. Global cooperation and teamwork are
very significant in the fight against the virus. Mass
vaccinations have already started, although the ap-
pearance of new variants raises concerns about the
efficacy of the vaccines against them. The immu-
nization of the population results in the production
of antibodies against the spike protein of the virus.
Although some of the mutations which came up
concern the spike protein as the mutations in RBD.
That is the main reason why the effectiveness of
vaccines may be reduced against these new vari-
ants. More specifically, the South African variant
seems to be the one that threatens the vaccine’s ef-
ficacy. It is generally believed that vaccination is
more efficient than adaptive immunity due to the
high titers of antibodies. The vaccines work based
on protective antibody responses, neutralizing anti-
bodies as the most common mechanism of action,
although there is an additional elicitation of CD4+
or CD8+ T cells. Nevertheless, the antibodies pro-
duced because of vaccination act against only one
protein, the spike protein, the leading region where
the novel mutations appeared.

On the other hand, when a person has been
infected with the virus, the adaptive immunity (hu-
moral and cellular) is activated, which consists of
B cells (antibody-producing cells), CD4+ T cells
(helper T cells), and CD8+ T cells (cytotoxic, or
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killer, T cells) which are very important for the pro-
tection against viral infections. Therefore, there is
a great need to develop poly mRNA vaccines with
different antigens to produce more antibodies. In
addition, it is believed that using poly mRNA vac-
cines will reduce the appearance of mutations.

Conclusion

There is no specific drug that is effective
against coronavirus. The treatment for patients
who suffer a severe infection includes mechanical
ventilation and a combination of medications. Al-
though mass vaccinations have already started, the
most successful ways to protect ourselves from the
disease are social distancing, isolation, lockdowns,
and PPE. That is because many of the population
should be vaccinated to achieve herd immunity.
Many drugs were tested and used as possible treat-
ments against coronavirus, and some seem to play
an essential role in reducing the mortality rate. The
use of vaccines massively is promising for the fu-
ture. However, the appearance of new variants of
the virus, which seem more contagious, raises con-
flicts about the efficacy of some vaccines against
them. The new-sequencing technologies are pow-
erful diagnostic tools for detecting new variants.
The first data available from countries that have al-
ready managed to vaccinate a substantial amount of
the population is very positive, which raises hope
that eventually, the quality of life will start to im-
prove. Globally, as of June 10", 2022, there have
been 532,201,219 confirmed cases of COVID-19,
including 6,305,358 deaths, reported to WHO. As
of June 6th, 2022, 11,854,673,610 vaccine doses
have been administered (https://covid19.who.int/).
However, the COVID-19 spread by less than 10%
compared to its peak worldwide due to vaccination
and the Omicron variant, which seems to decrease
the global pandemic significantly. However, we
must stay vigilant and develop novel drugs against
SARS-CoV-2 that are easily adaptive to its muta-
tions, such as ASOs.
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