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ABSTRACT
This review aims to asses the actual data from recent literature dealing with the novel Coronavirus (nCoV) 
isolated in the automn of 2019. The nCoV has emerged in China namely in the city Wuhan (Hubei province), while 
the classical Coronavirus (cCoV) identified 18 years ago, came from a different region (province Guangdong). 
Extensive progression of nCoV represents a considerable danger for public health. The relatively great number of 
papers devoted to given topics in the last year (2020), also points at its importance. Despite of their non-selective 
acquisition, the collected data became useful for better understanding of virus replication, at description of virion 
structure as well as by interpretation of Coronavirus properties. Finally, the typical clinical signs of nCoV disease 
are briefly highlighted, not excluding the less closely related pathological states. At last but not least, relevant 
epidemiological data are presented when tracing the routes of nCoV spread in human population, with special 
regards to the region of Middle Europe.
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Introduction
Within a relatively short period of 5-6 months (from March until 
September 2020) a novel Coronavirus (nCoV) has emerged in 
China (in the city of Wuhan, Hubei province), where from it spread 
all over the world. Some investigators called nCoV as Coronavirus 
2019 (CoV-19), while the others termed it Coronavirus 2 (CoV-
2). In the early stages of nCoV infection, cases of pneumonia 
have been reported, while other patients showed acute respiratory 
symptoms, namely a syndrome of rapidly developing acute 
respiratory distress (ARD) and/or an acute respiratory failure, both 
accompanied with serious complications leading to death [1]. In 
a proportion of infected subjects, the less severe cases revealed 
clinical complaints called Coronavirus Disease (COVID-19), an 
entity closely resembling to the previously described severe acute 
respiratory syndrome (SARS) [2]. Several details of the recent 
nCoV/CoV-2 outbreak have remained unclear, except for the fact 
that the novel virus has occurred in China and that (very probably) 
it has been transmitted by direct exposure [3,4]. In this respect, 
the recent nCoV outbreak has shown a possible link to the South 

China Seafood market at City of Wuhan [5,6]. Despite of that the 
fish and wild animal market in Wuhan has remained in continuous 
performance selling live animals (such as poultry, bats, marmots 
and snakes), regardless that it became the source of dangerous 
infection [7]. Even though the majority of COVID-19 cases was 
reported in patients from continental China, also the island of 
Taiwan has been involved [8]. Unlike to previously described 
„classical” Coronavirus (cCoV), which had been isolated in a 
different Chinese province (Guangdong) 18 years ago (namely in 
the late autumn of year 2002), the nCoV spread quickly infecting 
nearly 110 million people worldwide, a proportion (about 3-4 %) 
of whom has developed the signs of severe lung disease1. 

Distribution
Due to the extensive spread of nCoV/CoV-2 as mentioned above, 
WHO declared the recent outbreak for public health emergency, 
i.e. a situation deserving wide international concern [11]. It 
has been recognized that valid healthcare measures may not be 
sufficient for preventing further nCoV/CoV-2 transfer. Especially 

1 Global case count (as of February 18, 08:24 ET, 2021): 110,013,841 confirmed 
cases and 2,432,695 deaths (2.2%). Histological details of lung disease (interstitial 
pneumonia) could be documented in piglets infected with porcine coronavirus, 
called the porcine respiratory and reproductive syndrome virus (PRRSV).
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the spread of COVID-19 from asymptomatic carriers (i.e. via 
person-to-person contact) deserves much attention [9,12]. To stop 
a dangerous outcome, additional measures were recommended 
which practical effects should be under control to achieve the 
following goals: 1) Slowing down the spread of COVID-19 
illness. 2) Providing enough time to implement the rules of local 
health care (in each cooperating state). 3) Achieving individual 
business protection. 4) Improving the actual education of local 
health authorities. 5) Instructing the general public how to avoid 
virus transmission of more disastrous extent (if possible). 6) And 
finally, to describing the signs of COVID-19 in the majority of 
local health guidelines [13] including an appropriate vaccine 
development along with optimal vaccination strategies [14]. In the 
course of 2020, as soon as the virus sequence became available 
the number of different vaccine has moved with unexpected speed. 
Different types of vaccine candidates, such as inactivated virus, 
live attenuated virus vaccines revealing a limited replication as 
well as various recombinant protein vaccines (especially the spike 
protein-based ones) and/or DNA vaccines have been developed. 
Of special interest are the novel specific mRNA based vaccines 
delivered via lipid nanoparticles; these represent an entirely new 
technology aiming to produce the immunogenic S protein in the 
body of vaccinated individual. It comes from above mentioned 
considerations that development and deployment of medical 
countermeasures, including precise diagnostics and therapeutic 
recommendations (not excluding the above-mentioned continuing 
efforts for vaccine development) has come into the focus of interest 
[15]. For achieving this, especially the asymptomatic COVID-19 
cases should be assessed, based either on viral nucleic acid tests or 
on virus antigen detection [16].

Clinical signs
Infections occurring in the absence of any COVID-19 symptoms, 
either respiratory or gastrointestinal, may not show any significant 
abnormalities on chest radiograph [3,4]. Guan et al. [17] using a 
larger patient sample for estimation, suggested that the median 
incubation period might be 3 days only, but could be as long as 
24 days. Noteworthy, the mean incubation time was estimated for 
5.2 days, in a range from 2.1 to 11.1 days [18]. Some patients with 
SARS, which were defined as laboratory-confirmed COVID-19 
cases, had respiratory symptoms even though their chest computed 
tomography (CT) but did not reveal signs of pneumonia [19]. 
Another patients with pneumonia manifested on their chest 
radiograph (defined for COVID-19 positive), then had both, 
the respiratory symptoms as well as pneumonia [20]. The latter 
category of positive individuals showed severe pneumonia along 
with a state of critical clinical conditions, such as shock and/or 
respiratory failure requiring mechanical ventilation. In some cases 
there even was a general organ failure needing special management 
[21]. In general, fever occurs with a probability ranging from 67% 
to 98%, cough by at least from 43% but up to 81%; the shortness 
of breath may be present in 31% to 55% of COVID-19 cases and 
finally, the frequency of myalgias remains as low as 3% to 11%, but 
never exceeding 44% [24]. Patients with pneumonia were older, 
with a higher prevalence of smoking history and more underlying 

diseases. They were more likely to have fever, myalgia/fatigue, 
dyspnea, headache, and nausea/vomiting as compared to patients 
with a simple ARD by a statistical difference of p < 0.05. In 
addition, the pneumonia cases have presented higher white blood 
cell and neutrophil counts, while the simple ARD cases had rather 
a reduced leukocyte count [22]. The pneumonia patients, as a rule, 
received more antibiotics and/or antiviral therapy and later on, 
they were more likely to require oxygenation therapy, mechanical 
ventilator, extracorporeal membrane oxygenation and even renal 
replacement [23].

Transmission
Since the person-to-person transmission of nCoV has been clearly 
confirmed [20], asymptomatic individuals were recognized for 
potential sources of infection [24]. The identification of nCoV 
cases as well as their contacts has led to the assessment of travelers 
arriving from areas with more frequent and/or substantial virus 
transmission [25]. These conditions have got similar to and/or 
identical with those introduced in the course of influenza virus 
pandemic [26]. The differences in infectivity among the various 
coronavirus isolates were attributed to differences in the rigidity of 
their shells and/or another chosen protein, a parameter which could 
be evaluated using computational tools applied for predicting any 
intrinsic disorder predisposition [27]. The estimated reproductive 
number of 0.3 was obtained from considering a small number of 
infected persons who revealed not quite precise information as 
the onset of the outbreak concerns [19]. Thus, the reproductive 
number of nCoV/CoV-19 is likely to be similar (in the range from 
2 to 3) either to that SARS-cCoV which had appeared during 
the pre-intervention period in year 2003 or to the pandemic of 
influenza virus A/H1N1 in year 2009 in US (estimated range 
from 1.3 to 1.7) [28,29]. Owing to these observations, a series of 
DNA vaccine candidates expressing different forms of the SARS-
CoV-2 spike (S) protein have been developed and evaluated in 
rhesus macaques, namely (i) A full-length polypeptide (S). (ii) 
The given polypeptide at the cytoplasmic tail sequence deleted 
(S.dCT). (iii) The S polypeptide by both, the transmembrane 
domain and the cytoplasmic tail soluble ectodomain (S.dTM) 
deleted. (iv) The given polypeptide extended at the S1 domain by 
a foldon trimerization tag (S1). (v) The receptor-binding domain 
of given polypeptide only but along with the foldon trimerization 
tag (RBD). (vi) A perfusion-stabilized soluble ectodomain of the 
given polypeptide deleted at a furin cleavage site (showing two 
proline mutations), and finally, the given polypeptide just with the 
foldon trimerization tag added: all these were assessed for their 
immunogenicity and protective efficacy [14,30]. 

Virion structure
The structural proteins (and/or glycoproteins) at any Beta-
coronavirus (B-CoV) strain are encoded by four regular structural 
genes, namely the spike glycoprotein (S, former E2), the envelope 
glycoprotein (E, former sM), the membrane glycoprotein (M, 
former E1) and the nucleocapsid protein (N) [15]. The 29.7 kb long 
sequence of the single stranded negative sense viral RNA (vRNA) 
has an untranslated region at its 5´-end (5´- UTR) along with a 
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short leader sequence (LS) which continues into the two relatively 
long open reading frames (ORF 1a/b) encoding the corresponding 
polyproteins (Plp1a and Plp1b). These both become cleaved by 
an endogenous peptidase to form at least 13-15 non-structural 
polypeptides (NSP) involved mainly in vRNA replication [31,32]. 
Another four genes encoding structural proteins are interrupted by 
regions specifying the so-called accessory proteins (in the case of 
CoV-2 these are the following: ORF 3a, ORF 3b, ORF6, ORF7a, 
ORF7b, ORF 8a, ORF 8b and ORF9). Some of these are located in 
between S and E sequences (ORF 3a/3b), but the majority between 
the M and N genes (with exception of ORF 9 which is positioned 
within the N sequence). The vRNA ends with a short untranslated 
region of the 3´-UTR sequence [18,33]2.

Replication
The life cycle of CoV-2 in the susceptible host cells begins by 
binding of S protein to corresponding cellular receptor, namely 
the angiotensin converting enzyme 2 (ACE2). Understanding how 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
highjacks epithelial cells and infiltrates the lung, as well as other 
organs and tissues, is essential for developing treatment strategies 
and vaccines against this highly contagious virus. Another major 
goal is to fully elucidate the mechanisms by which SARS-CoV- 
2 bypasses the innate immune system and induces what is called 
cytokine storm, which increases mortality. Currently, SARS- 
CoV-2 is thought to evade innate antiviral immunity, undergo 
endocytosis, and fuse with the host cell membrane by exploiting 
ACE2 receptors and the protease TMMPRSS2, with cathepsin 
B/L as alternative protease, for entry into the epithelial cells of 
tissues vulnerable to developing coronavirus disease 2019 (CoV-
19) symptoms. However, the incorporation of new and unique 
binding sites, i.e., O-linked glycans, and the preservation and 
augmentation of effective binding sites (N-linked glycans) on the 
outer membrane of SARS-CoV-2 may represent other strategies 
of infecting the human host [39]. The surface glycoprotein S of 
coronaviruses mediating the attachment and entry into target cells 
is composed of 2 subunits, S1 and S2. The S1 subunit contains the 
N-terminal domain (NTD) and a receptor-binding domain (RBD), 
the latter encompassing a receptor-binding motif (RBM). The S2 
contains a fusion peptide (FP), heptad repeat 1 (HR1) and 2 (HR2) 
domains, and a transmembrane (TM) and a cytoplasmic (CP) 
domain. After S1 binding to a membrane receptor, the FP is inserted 
into the cell membrane to promote fusion with the viral membrane, 
a process that depends on proteolytic cleavages at the S1/S2 site 
to separate S1 and S2 and at the S2 site to generate a mature FP 
[50]. The entry point for the virus is ACE2, which is a component 
of the counteracting hypotensive axis of renin angiotensin system 

2 Taken together, the nCoV genome has the following genes:
5´-LS--p65/Plp1a/ORF1a/NSP1--Plp1b/ORF1b/NSP2 (poliovirus type protease)—
NSP3 (putative PL pro-domain)--NSP4 (associates with NSP3)—NSP5 (3CL-
pro-domain)--NSP6 (complex with NSP3)--NSP7 (primase component)--NSP8 
(primase component)--NSP9 (nucleic acid binding)--NSP10 (associates with 
NSP14)--NSP11(short peptide)--NSP12 (RNA polymerase)---NSP13 (helicase/
NTPase)—NSP14 (exonuclease) --NSP15 (endoribonuclease)-NSP16 (metyl-
transferase)-S-E-M-N-3´.

(RAS). Bradykinin is a potent part of the vasopressor system that 
induces hypotension and vasodilation and is degraded by ACE and 
enhanced by the angiotensin1-9 produced by ACE2. Analysis on 
gene expression data from cells in broncho-alveolar lavage fluid 
(BALF) from COVID-19 patients that were used to sequence the 
virus. Comparison with BALF from controls identifies a critical 
imbalance in the (RAS) represented by decreased expression of 
ACE in combination with increases in ACE2, renin, angiotensin, 
key RAS receptors, kinogen and many kallikrein enzymes that 
activate it, and both bradykinin receptors [12,34,35]. Recent reports 
indicate hypotension is highly associated with COVID-19 patients 
once in the hospital. The RAS is an important pathway linked to 
these conditions because it maintains a balance of fluid volume and 
pressure using several cleavage products of the peptide angiotensin 
(AGT) and their receptors [36]. The most well studied peptide is 
angiotensin II (Ang II), which typically generates vasoconstriction 
and sodium retention via the AGT-R1 receptor as well as causes 
vasodilation and natriuresis when bound to the AGT-R2 receptor. 
The RAS also includes several other lesser-known peptides that 
may be highly important; for example, Ang1-7 binds to the MAS1 
receptor, generating anti-inflammatory and vasodilatory effects, 
while Ang1-9 binds to the AGT-R2 receptor. Ang II is produced by 
the enzyme ACE, whereas Ang1-7 is generated by the combination 
of ACE and ACE2 activity while Ang1-9 by ACE2 alone.

The presence of SARS-CoV-2 causes to decrease the levels 
of ACE in lung cells, while the levels of ACE2 increase. This, 
in turn, increases the level of bradykinin molecules (an event 
referred to as a ‘Bradykinin Storm’). Several studies have shown 
that bradykinin induces pain and causes blood vessels to expand 
and getting leaky, which leads to swelling and/or inflammation 
in surrounding tissue. A vicious positive feedback loop such as 
des-Arg (9)-bradykinin- and bradykinin-mediated inflammation 
→ injury → inflammation, was found likely to precipitate by 
life threatening respiratory complications related to COVID-19 
[43]. The leading cause of mortality in COVID-19 patients is 
the cytokine storm syndrome associated with inflammation. The 
COVID-19 patients might have higher levels of several pro-
inflammatory cytokines and chemokines. Namely, the blood 
laboratory profile of COVID-19 patients exhibits lymphopenia, 
leukopenia, thrombocytopenia, and RNA-emia, along with the 
increased levels of aspartate aminotransferase. Several data 
confirm that dysregulated BK signaling is involved in COVID-19 
respiratory complications. Summing up, SARS-CoV infection 
depletes ACE2, which increases levels of des-Arg (9)-bradykinin 
(DABK), a bioactive metabolite that is associated with lung injury 
and inflammation.

After receptor binding, a conformation change within the S protein 
facilitates the fusion of virion membrane with the cell membrane, 
an event that activates the cellular transportation pathway to 
endoplasmic reticulum (ER). The virus coded RNA polymerase 
transcribes a series of sub-genomic mRNAs from the vRNA 
by a process called discontinuous transcription. These mRNA 
molecules have a common end but different initiation sequences, 
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situated closely to the corresponding initiation codon. On the 
ribosomes, which are either free or attached to the membranes 
of cytoplasmic ER, the newly formed transcripts are translated 
into relevant viral proteins. When passing through the Golgi 
apparatus the structural viral proteins are glycosylated. Since the 
ORF1a and ORF1b sequences encode relatively large genes, they 
are translated into long polyproteins (PLP1a and PLP1b), which 
are cleaved into shorter polypeptides by means of a virus coded 
papain-like proteinase. The structural virus proteins along with 
the newly formed RNA genome are subsequently assembled into 
virions, which are transported back to the cell membrane and then 
released from infected cell.

Inhibitors
The use of the B2R blocker, Icatibant, seems promising for 
patients with unremitting respiratory distress caused by COVID-19 
(Icatibant is the trade name of FIRAZYR as provided by Takeda, 
Tokyo, Japan). Another promising drug called Favipiravir (T-
705), a synthetic prodrug, has been found to possess antiviral 
activity not only against the influenza virus, but also against 
Ebola, arenaviruses, bunya viruses, filoviruses, the West Nile 
virus, the yellow fever virus, the foot-and-mouth-disease virus 
and Lassa virus. Favipiravir acts by inhibiting the viral RdRp 
enzyme, allowing its insertion into viral RNA while sparing the 
cellular DNA. Wang et al. [37] found that the high concentrations 
of Favipiravir (EC50: 61.88 µM) were needed to inhibit SARS-
CoV-2 infection in Vero cells. Thus, it is difficult to ascertain the 
basis on which the current dose of this drug has been established in 
SARS-CoV-2. Despite this uncertainty, the dose in clinical use in 
most countries, including India, is 1800 mg bid on day 1, followed 
by 800 mg bid on days 2 - 14. Favipiravir may emerge as a valuable 
drug in the treatment of mild to moderate symptomatic SARS 
CoV- 2 infected cases [38]. Favipiravir, a drug that has a similar 
mechanism of action to Remdesivir but is orally administered, is 
nevertheless an emerging antiviral agent that is worth considering 
in mild to moderate cases. The preliminary results have been 
encouraging with small but significant improvement in time to 
clinical recovery and a two-day shorter viral shedding time. Thus, 
Favipiravir showed some therapeutic responses on COVID-19 in 
terms of disease progression and viral clearance.

The analyses showed that an excess of the substance called 
hyaluronic acid could degrade harmful enzymes, Hyaluronic acid 
can absorb water in amounts corresponding to more than 1,000 
fold of its own weight forming a hydrogel. The Bradykinin-
Storm-induced leakage of fluid into the lungs combined with the 
excess hyaluronic acid would likely result in a Jello-like substance 
that is preventing oxygen uptake and carbon dioxide release in 
the lungs of severely affected COVID-19 patients. This explains 
why Bradykinin Storm may be responsible for the more severe 
symptoms of COVID-19.

There is no clinically approved antiviral drug available to be 
used against COVID-19. There is no specific antiviral medication 
available for COVID-19 treatment, for patients with severe 

infection the health care providers generally recommend to 
treat the symptoms by using oxygen therapy. However, a few 
broad-spectrum antiviral drugs have been evaluated as well. For 
example, for potential antiviral treatment of human nCoV drugs 
such as Lopinavir/Ritonavir (400 mg/100 mg per dose) have been 
recommended. In addition, nucleoside analogues, neuraminidase 
inhibitors, Remdesivir, the peptide EK1, arbidol, RNA synthesis 
inhibitors (such as TDF, 3TC) and/or certain anti-inflammatory 
drugs including IFN-alpha (5 million Units/dose) were tested. IFN-
alpha is a broad-spectrum antiviral substance, which has been used, 
to treat hepatitis B [39]. Lopinavir is a protease inhibitor showing 
anti-CoV activity in vitro. It has been used to treat infection by 
human immune deficiency virus (HIV), together with Ritonavir as 
a booster. For SARS treatment, there was found that in contrast to 
Ribavirin alone, patients treated with Lopinavir/Ritonavir as well 
as Ribavirin had a lower risk of the ARD syndrome and/or death 
[15,37]. Namely, Ribavirin can effectively reduce the virus titer in 
experimental infection of mice improving the lung tissue damage. 
The effect of the latter drug combination may be better than the 
treatment using Lopinavir/Ritonavir along with interferon [40]. As 
shown in mice infected with a previously isolated CoV causing the 
so-called Middle East Respiratory Syndrome (MERS), Remdesivir 
may have the best CoV treatment potential. The MERS-CoV was 
first identified in 2012; since then, over 400 cases were registered 
[21]. The cell receptor for MERS-CoV is the dipeptidyl peptidase 
4 (DPP4/8CD26), while dromedary camels are believed to be the 
reservoir for virus transmission.

China has relied on the use of the anti-viral drug Favilavir to treat the 
symptoms of COVID-19. This medication was initially developed 
by Toyama Chemical to treat nose and throat infections. Although 
the results of the study have not yet been published, it has been 
assumed that the drug has proven effective (at least in part) in treating 
symptoms of COVID-19 in a clinical trial of more than 70 patients 
with minimal side effects. Another new antiviral drug Favilavir 
was approved in Japan in 2014 to treat influenza, but currently it 
has been also used for treating COVID-19 [41], but not by the U.S. 
Food and Drug Administration (FDA). Remdesivir (GS-5734) is a 
broad-acting antiviral drug originally designed to target Ebola as it 
had been developed by Gilead Sciences. Remdesivir inhibits viral 
replication through premature termination of vRNA transcription, 
i.e. by disrupting virus reproduction. China announced that 
the clinical trials for Remdesivir have been officially started in 
Wuhan by testing its efficacy against COVID-19; an additional 
single clinical trial has been approved by FDA in United States. 
However, the efficacy and claiming safety of Remdesivir still 
needs further clinical trials. Chloroquine and Hydroxychloroquine, 
drugs used to treat malaria and arthritis, respectively, were 
recommended by the National Health Commission of the People's 
Republic of China COVID-19 for treatment. As mentioned above, 
Chloroquine and Hydroxychloroquine are drugs used to treat 
malaria, as well as chemoprophylaxis; and certain inflammatory 
conditions to include rheumatoid arthritis, lupus and a rare blood 
disorder called porphyria cutanea tarda. They have been approved 
by the U. S. FDA to be tested against COVID-19. Researchers 
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have found that both drugs have in vitro activity against cCoV 
as well as nCoV/CoV-2, with hydroxychloroquine having a 
relatively higher potency. Based on these results, chloroquine and 
hydroxychloroquine are currently recommended for treatment of 
hospitalized COVID-19 patients in several countries, including in 
the U. S. One Chinese study showed that when chloroquine was 
tested on more than 100 patients, it had superior results compared 
to a control drug inhibiting the exacerbation of pneumonia, 
improving lung-imaging findings, promoting virus negative 
conversion and shortening the disease course [17]. However, both 
Chloroquine and Hydroxychloroquine cause frequent side effects, 
such as worsening vision, nausea, digestive disorders and in more 
severe cases can lead to heart failure. As recently reported, a man 
in Arizona died and his wife was in critical condition when taking 
Chloroquine just prophylactically in order to prevent CoV-2 
infection. Another anti-viral drug originally designed for influenza, 
called Favipiravir, was also used in the management of COVID-19 
(until now, out of 32 studies registered on clinicaltrials.gov only 3 
have been completed) [42].

Lopinavir/Ritonavir are sold by AbbVie under the name Kaletra; 
originally, they have been designed to treat the acute immune 
deficiency syndrome (AIDS). To evaluate the efficacy of 
Lopinavir/Ritonavir for CoV-2 infection, 99 patients with positive 
tests were treated with given drug combination. Surprisingly, no 
benefit as compared to the standard care was observed in latter 
study [31]. However, in South Korea, a 54-year-old man who was 
given a combination of these two medications had a significant 
and substantial decrease in the levels of the Beta-coronavirus. 
According to the WHO, there may be benefits when using 
Lopinavir/Ritonavir in combination with additional drugs such 
as interferon-β, Oseltamivir and/or Ribavirin [41]. As described 
above, the treatment of SARS and MERS has been mainly focused 
on using drugs with more general antiviral activity, rather than on 
data obtained at experimental therapy of animal infection models 
such as primates or rodents [43].

Reviewing the published trials has consistently shown that a 
high proportion of theirs might had a relatively low power at 
detecting clinically meaningful effects. Such situation can pose 
ethical concerns either when recruiting patients to investigation 
treatment without answering the research question properly, or if 
subjecting more patients than necessary to a potentially inferior 
treatment even when sufficient information is already available 
to answer the research question. Sample size re-estimation (SSR) 
methods investigate the validity of such assumptions and increase 
the sample size if necessary. The so called “promising zone” 
[44] concept appeals to the researchers suggesting that the trial 
conditions should be planed following sample size calculations 
made before it starts. Incorrect assumptions can result in a trial 
which is either underpowered or overpowered. The so-called 
promising zone should be implemented in the range of identifying 
trials, but using the promising zone can be difficult due to the lack 
of SSR methodology reports. Incorrect assumptions can result by 
under- or overpowered trials, initiating ethical concerns.

Immune response
The immune response is expected being similar to that described 
for other coronaviruses. Given its activity on the interferon 
pathway, and the manner in which it dysregulates innate 
immunity, the use of additional treatments directed at modulating 
or containing this could be of interest. Furthermore, circulating 
SARS-CoV-2-specific CD8+ and CD4+ T cells were identified in 
70% and 100% of COVID-19 convalescent patients, respectively. 
CD4+ T cell responses to spike, the main target of most vaccine 
efforts, were robust and correlated with the magnitude of the 
antiSARS-CoV-2 IgG and IgA titers. The M, spike, and N proteins 
each accounted for 11%–27% of the total CD4+ response, with 
additional responses commonly targeting certain peptides, such 
as nsp3, nsp4 and the proteins encoded by ORF3a, and ORF8, 
respectively. There should be noted that SARS-CoV-2 infection 
of pregnant women does not lead to fetal damage and/or mortality, 
unlike to other coronaviruses, i.e. the classical SARS-cCoV and/or 
the MERS-CoV. Thus, to date there is no evidence for intrauterine 
transmission of SARS-CoV-2 to the neonate [45].

Conclusions
The novel Coronavirus discussed in this paper comes from a 
different region of China than the classical virus identified nearly 
18 years ago. Mutations of the viral S protein are probably 
responsible for the greater ability of nCoV to spread in human 
population as well as in the body of infected individuals. The 
treatment of sick patients (who comprise a relatively low portion 
of infected persons) with drugs such as Remdesivir, Lopinavir/
Ritonavir and/or Chloroquine (and its derivatives) has been neither 
convincing nor clearly successful. More hope comes from active 
immunization which has been recently introduced using a novel 
category of vaccines, containing either the specific mRNA or a 
recombinant DNA molecule encoding the S protein, regarded for 
the most efficient tool of the virulence of infectious virus particles.

References
1.	 Abd El-Aziza Tarek Mohamed, James D. Stock Recent 

progress and challenges in drug development against 
COVID-19 coronavirus (SARS-CoV-2) - an update on the 
status (review). Infection Genet Evol. 2020; 83: 104327.

2.	 Goh Gerard Kian-Meng A, Keith Dunker, James, et al. 
Rigidity of the Outer Shell Predicted by a Protein Intrinsic 
Disorder Model Sheds Light on the COVID-19 (Wuhan-2019-
nCoV) Infectivity. Biomolecules. 2020; 10: 331.

3.	 Adnan, Shereen Muhammad, Suliman Khan, et al. COVID-19 
infection: Origin, transmission, and characteristics of human 
coronaviruses. J Advanced Res. 2020; 24: 91-98.

4.	 Yang Xiang-Lou, Ben Hu, Bo Wang, et al. Isolation and 
characterization of a novel bat coronavirus closely related 
to the direct progenitor of severe acute respiratory syndrome 
Coronavirus. J Virol. 2016; 90: 3253- 3256.

5.	 Chan Jasper FW, KoK, KiH, et al. Genomic characterization 
of the 2019 novel human pathogenic coronavirus isolated 
from a patient with atypical pneumonia after visiting Wuhan. 
Emerging Micr Inf. 2020; 9: 221-236.



Volume 5 | Issue 3 | 6 of 7Microbiol Infect Dis, 2021

6.	 Edwards JM, Walters SJ, Kunz Cet al. A systematic review of 
the “promising zone” design. Trials. 2020; 21: 1000.

7.	 Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of 2019 
novel coronavirus infection in China. MedRxiv. 2020; 382: 
1708-1720.

8.	 Liu J, Liu YC, Xiang P, et al. Neutrophil to lymphocyte ration 
predicts severe illness with 2019 novel coronavirus in the 
early stage. MedRxiv. 2020.

9.	 Chan Jasper FW, Yuan S, Kok KH, et al. A familial cluster 
of pneumonia associated with the 2019 novel coronavirus 
indicating person-to-person transmission: a study of a family 
cluster. Lancet. 2020; 395: 514-523.

10.	 Mehta C, Pocock S. Adaptive increase in sample size when 
interim results are promising: a practical guide with examples. 
Stat Med. 2011; 30: 3267-3284.

11.	 Garvin, Michael R, Christiane Alvarez, et al. A mechanistic 
model and therapeutic interventions for COVID-19 involving 
a RAS-mediated bradykinin storm. eLife. 2020; 9: e59177.

12.	 Carey RM. Blood pressure and the renal actions of AT2 
receptors. Current Hypertension Reports. 2017; 19: 21.

13.	 Krammer F. SARS-CoV-2 vaccines in development (review). 
Nature. 2020; 586: 516-527.

14.	 Jingyou Yu, Lisa H Tostanoski, Lauren Peter, et al. DNA 
vaccine protection against SARS-CoV-2 in rhesus macaques. 
Science. 2020; 369: 806-811.

15.	 Shereen, Muhammad Adnan, Suliman Khan, et al. COVID-19 
infection: Origin, transmission, and characteristics of human 
coronaviruses. J Advanced Res. 2020; 24: 91-98.

16.	 Zhu N, Zhang D, Wang W, et al. A novel coronavirus from 
patients with pneumonia in China, 2019. N Engl J Med. 2020; 
382: 727-733.

17.	 Grifoni Alba, Weiskopf D, Ramirez SI, et al. Targets of T 
cell Responses to SARS-CoV-2 Coronavirus in Humans with 
COVID-19 Disease and Unexposed Individuals. Cell. 2020; 
181: 1489-1501.

18.	 Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine 
effectively inhibit the recently emerged novel coronavirus 
(2019-nCoV) in vitro. Cell Res. 2020; 30: 269e271.

19.	 Nishiura H, Linton NM, Akhmetzhanov AR. Initial cluster of 
novel coronavirus (2019-nCoV) infections in Wuhan, China 
is consistent with substantial human-to-human transmission. J 
Clin Med. 2020; 9: E488.

20.	 Yang Y, Sugimoto JD, Halloran ME, et al. The transmissibility 
and control of pandemic influenza A (H1N1) virus. Science. 
2009; 326: 729-733.

21.	 Chen N, Zhou M, Dong X, et al. Epidemiological and 
clinical characteristics of 99 cases of 2019 novel coronavirus 
pneumonia in Wuhan, China: a descriptive study. Lancet. 
2020; 395: 507e13.

22.	 Li R, Qiao S, Zhang G. Analysis of angiotensin-converting 
enzyme 2 (ACE2) from different species sheds some light 
on cross-species receptor usage of a novel coronavirus 2019-
nCoV. J Infect. 2020; 80: 469-496.

23.	 Liu YC, Liao CH, Chang CF, et al. A locally transmitted case 
of SARS-CoV-2 infection in Taiwan. N Engl J Med. 2020; 
382: 1070-1072.

24.	 Bai Y, Yao L, Wei T, et al. Presumed asymptomatic carrier 
transmission of COVID-19. J Am Med Assoc. 2020; 323: 
1406-1407.

25.	 Harapan Harapan, Naoya Itoh, Amanda Yufikae, et al. 
Coronavirus disease 2019 (COVID-19): A literature review. J 
Infect Pub Hlth. 2020; 13: 667-673.

26.	 Wu A, Peng Y, Huang B, et al. Genome composition and 
divergence of the novel coronavirus (2019-nCoV) originating 
in China. CellHost Microb. 2020; 27: 325-328.

27.	 Global case count CoVID-19 (as of September 28, 08:23 
ET): 33,137,748 confirmed cases; 998,380 deaths (3.0%); 
22,953,639 patients recovered (69.3%).

28.	 Lee PI, Hsueh PR. Emerging threats from zoonotic 
coronaviruses-from SARS and MERS to 2019-nCoV. J 
Microbiol Immunol Infect. 2020; 53: 365e7.

29.	 Wang C, Horby PW, Hayden FG, et al. A novel coronavirus 
outbreak of global health concern. Lancet. 2020. 395: 470-
473.

30.	 Dawson Patrick, Manamur R Malik, Faruque Parvez, et 
al. What have we learned about Middle East Respiratory 
Syndrome emergence in humans? A systemic literature 
review. Vector-Borne Zoon Dis. 2019; 19: 174-192.

31.	 Cai Qingxian, Minghui Yang, Dongjing Liu, et al. Experimental 
Treatment with Favipiravir for COVID-19: An open-label 
control study. Engineering (Beijing) 2020; 6: 1192-1198.

32.	 Dhamaa Kuldeep, Shailesh Kumar Patela, Mamta Pathak, 
et al. Rodriguez-Moralesh. An update on SARS-CoV-2/
COVID-19 with particular reference to its clinical pathology, 
pathogenesis, immunopathology and mitigation strategies. 
Travel Med Infect Dis. 2020; 37: 101755.

33.	 Lu Hongzhou. Drug treatment options for the 2019-new 
coronavirus (2019-nCoV). Biosci Trends. 2020; 14: 69-71.

34.	 García-Salido Alberto Narrative review of the immune 
response against coronavirus: An overview, applicability for 
SARS-COV-2, and therapeutic implications. A Pediatr (Barc). 
2020; 93: 60.e1-60.e7.

35.	 Lessler J, Reich NG, Cummings DA. et al. Outbreak of 2009 
pandemic influenza A (H1N1) at a New York City school. N 
Engl J Med. 2009; 361: 2628-2636.

36.	 Arendse LB, Danser AHJ, Poglitsch M, et al. Novel 
therapeutic approaches targeting the Renin-Angiotensin 
system and associated peptides in hypertension and heart 
failure. Pharmacol Rev. 2019; 71: 539-570.

37.	 Totura AL, Bavari S. Broad spectrum antiviral drug discovery. 
Exp Opin Drug Discovery. 2020; 14: 397-412.

38.	 Cao B, Wang Y, Wen D, et al. A trial of lopinavir-ritonavir 
in adults hospitalized with severe Covid-19. N Engl J Med. 
2020; 382: 1787-1799.



Volume 5 | Issue 3 | 7 of 7Microbiol Infect Dis, 2021

39.	 Guo YR, Cao QD, Hong ZS, et al. The origin, transmission and 
clinical therapies on coronavirus disease 2019 (COVID-19) 
outbreak- an update on the status. Mil Med Res. 2020; 7: 11.

40.	 Lai CC, Shih TP, Ko WC, et al. Severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) and corona virus 
disease-2019 (COVID-19): the epidemic and the challenges. 
Int J Antimicrob Agents. 2020; 55: 105924.

41.	 Abdo A Elfiky. Anti-HCV, nucleotide inhibitors, repurposing 
against COVID-19. Life Sciences. 2020; 248: 117477.

42.	 Agrawa Umang, Reyma Raju, Zarir F Udwadia. Favipiravir: 
A new and emerging antiviral option in COVID-19. Med J 
Armed Forces India. 2020; 76: 370-376.

43.	 Sukhyun Ryu, Byung Chul Chun, Korean Society of 
Epidemiology 2019-nCoV Task Force Team. An interim 
review of the epidemiological characteristics of 2019 novel 
coronavirus. Epidem and Health. 2020; 42: 1-4.

44.	 Lu R, Zhao X, Li J, et al. Genomic characterisation and 
epidemiology of 2019 novel coronavirus: implications for 
virus origins and receptor binding. Lancet. 2020; 395: 565-
574.

45.	 https://www.ecdc.europa.eu/en/publications-data/risk-
assessment-outbreak-acute-respiratory-syndrome-associated-
novel-1

© 2021 Rajčáni J, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License


