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Review Article
A Narrative Review of SARS-CoV-2 Pathogenesis, 
Transmission, and Clinical Manifestations

Background: Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) has 
become a major global concern. As of writing this manuscript, there are over 224 million cases 
diagnosed, and 4.5 million recorded deaths with the Coronavirus Disease 2019 (COVID-19).

Objectives: This article reviews the studies conducted on SARS-CoV-2 pathogenesis, 
transmission, and different clinical manifestations.

Methods: An extensive online search was conducted on PubMed and Google Scholar search 
engines. The following keywords and their combinations were used to complete this review: 
“SARS-CoV-2”, “COVID-19”, “virology”, “mechanism of action”, “transmission”, “clinical 
manifestations”, “laboratory findings”, and “comorbidities.”

Results: The SARS-CoV-2 spike glycoprotein recognizes the human angiotensin-converting 
enzyme 2 receptors, and through that, the virus can enter its host cell. The virus is mainly 
transmitted via respiratory and or airborne droplets. The severity of the COVID-19 clinical 
manifestations relies on the associated comorbidities and or old age, which ranges from little-
to-no symptoms to severe and critical conditions. Fever, loss of appetite and or smell, fatigue, 
and dry cough are among the most reported symptoms. Underlying conditions may lead to 
severe or critical stages of COVID-19.

Conclusion: The SARS-CoV-2 nucleocapsid and receptor-binding domain could be two 
potential targets for future vaccines and drugs. It appears that the virus is adapting to each 
region’s specific environment; therefore, new endemic variants are forming.
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Introduction

he detection of pneumonia of an unknown 
origin at Wuhan, Hubei Province, China, was 
first reported on December 31, 2019. Later, 
it was suggested that the cause of the disease 
had a similar structure to a virus that was 

previously responsible for an infection known as a severe 
acute respiratory syndrome. The virus was initially pro-
posed to be called HCoV-19 (Human Coronavirus 2019) 
or 2019-nCoV (2019 Novel Coronavirus) [1]; however, 
the new emerging virus was called severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), which is respon-
sible for a disease known as the coronavirus disease 2019 
(COVID-19) [2]. Analysis speculates that the first cluster of 
COVID-19 was at a seafood market in Wuhan, China. This 
may be the point where a zoonotic transmission may have 
occurred [3]. The World Health Organization’s (WHO) 
Director-General declared the new virus outbreak a “public 
health emergency of international concern” on January 30, 
2020. The WHO reported more than a 10-fold increase in 
cases diagnosed with COVID-19 in less than one month on 
April 4, 2020, rising the recorded global infected cases to 
over a million. Since then, there has been an increase in 
both cases and mortalities worldwide (Figure 1). 

It is believed that SARS-CoV-2 is an RNA virus that 
consists of 3 main proteins each responsible for a part of 
the viral infection cycle [4]. This virus infects its host cell 
mainly via attaching to the human angiotensin-convert-
ing enzyme 2 (hACE2) receptor [5]. The new virions are 
formed inside the reticulum endoplasmic compartment 
of the cell after the virus has successfully entered its host 
cell, and the infectious stage inside the host’s body will 
initiate. At this point, the infected individual may infect 
others through either direct or indirect contact [6]. How-
ever, the infected person may not necessarily develop 
symptoms in this phase of infection. Patients diagnosed 
with COVID-19 may develop a wide range of symptoms 
that could be fatal [7]. This review article aims to investi-
gate the pathogenesis, transmission, and clinical manifes-
tations of SARS-CoV-2 infection in more detail.

Materials and Methods

An online search was conducted from October to De-
cember 2020 for information and manuscripts available 
on the WHO, The Centers for Disease Control and Preven-
tion (CDC), PubMed, and Google Scholar search engines 
using the following keywords and their combinations: 
“SARS-CoV-2”, “COVID-19”, “pathogenesis”, “virol-
ogy”, “mechanism of action”, “transmission”, “clini-
cal manifestations”, “laboratory findings”, “underlying 

conditions”, and “comorbidities.” The articles included 
in this manuscript reported the molecular characteristics 
of SARS-CoV-2, the way SARS-CoV-2 infects its host 
cell, modes of COVID-19 transmission, and the manifes-
tations of the disease in patients regardless of their age 
and gender. While writing the clinical manifestations of 
COVID-19, a precise focus was dedicated to the age and 
underlying conditions of the patients with different types 
of clinical manifestations. All included articles were 
peer-reviewed, written in English, and published. Special 
attention was given to the papers published in the year 
2020. Applicable data was collected from the respective 
parts of these articles. Articles’ references were down-
loaded using the citation tool provided by each journal, 
and they were cited according to the Pharmaceutical and 
Biomedical Research journal’s instructions. No ethical 
statements were needed for this manuscript since the data 
mentioned in the articles were already published, and no 
animal models or patients were directly involved while 
gathering the data for this article.

Results

Pathogenesis

SARS-CoV-2 is a member of the Coronaviridae fam-
ily. This virus contains a single positive-stranded RNA, 
nucleocapsid protein, envelope protein, membrane pro-
tein, and spike glycoprotein [4]. The nucleocapsid pro-
tein is abundant among different viruses and is respon-
sible for developing the ribonucleoprotein core inside 
the host cell [8]. The membrane protein is believed to 
be embedded within the viral membrane and its func-
tion is to neutralize antibodies that are developed against 
the virus [9]. The envelope protein disrupts the tight 
junctions’ stability, compromising the epithelial barrier, 
which may lead to further inflammatory reactions caused 
by the virus [10]. The membrane and envelope proteins 
form the viral envelope together. The spike glycoprotein 
is divided into S1 and S2 subunits [4]. This glycoprotein 
contains a receptor binding domain (RBD) on the S1 sub-
unit, which enables the virus to recognize the hACE2 
receptor and interact with it; hence, it is suggested that 
the hACE2 receptor acts as the SARS-CoV-2 receptor 
[5, 11, 12]. RBD segment is the most immunogenic part 
of the SARS-CoV-2 spike glycoprotein and the fact that 
it is hidden makes it difficult for both drugs and vaccines 
to reach it. Furthermore, RBD disables the body’s im-
munological system from identifying it [13]. This part 
of the virus may prove useful in future research to find a 
suitable drug against COVID-19. However, as stated by 
Shang et al., finding the right way to deliver the drug to 
its target could be challenging [13].

T
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When SARS-CoV-2 binds to the hACE2 receptor, 
a series of activities results in the shedding of the S1 
subunit, and, subsequently, the fusion activity of the S2 
subunit will be triggered at low pH [6, 12]. The infec-
tivity of SARS-CoV-2 is influenced by its fusion capac-
ity [14]. Moreover, the activity of the transmembrane 
serine protease 2 (TMPRSS2) in the infected cell is an-
other necessary factor for the pathogenesis and trans-
mission of the virus [15]. 

The presence of furin enables SARS-CoV-2 to enter the 
host cell without requiring the host’s protease enzymes 
[13]. For the SARS-CoV-2 spike glycoprotein to become 
activated, furin-like enzymes should cleave a proteolytic 
site at the S2 subunit known as S2’, which is located next 
to the fusion peptide at the S1/S2 junction [16, 17]. This 
cleavage results in the priming of the spike glycoprotein 
by TMPRSS2, leading to the fusion of the viral mem-
brane to its host cell [17, 18]. Pre cleavage at S2’ site by 
furin in the infected cell facilitates TMPRSS2-dependent 
cell entry of the virus [15]. It is noteworthy to mention 
that the polybasic S2’ site is necessary for SARS-CoV-2 
to enter human lung cells. This site is also responsible for 
the improved pathogenicity of SARS-CoV-2 compared 
to SARS-CoV [18]. However, the furin-cleavage site 
presence is not vital to promoting viral entry to the cell, 
and the SARS-CoV-2 spike glycoprotein’s features and 
structure are responsible for the efficient viral fusion to 
its host [14]. Several other factors that facilitate SARS-
CoV-2 entry to the host cell have also been proposed. 
Neuropilin-1 cofactor may be responsible for SARS-
CoV-2 entrance to the cells that have lower expression 
of hACE2 receptors on their surface [19]. Heparan sul-
fate can also help SARS-CoV-2 bind more efficiently to 
hACE2 receptors by directly attaching to viral spikes 
and increasing viral concentration on the cell’s surface 
[20]. These factors may contribute to SARS-CoV-2 po-
tential for infecting different types of cells and resulting 
in a variety of symptoms associated with COVID-19.

When the viral nucleocapsid has successfully entered 
its host cell, the proteasomes help with the uncoating 
process of SARS-CoV-2, and the viral genome is re-
leased into the cell [6]. Viral RNA promotes its host’s 
ribosomes to generate necessary components for its rep-
lication by non-structural proteins. These proteins form 
the replication/transcription complex. Afterward, the 
host’s ribosomes initiate the production of the vital parts 
of the virus, including new mRNAs and full-length RNA 
genomes for more viral particles [6, 21]. Replicated 
RNA will then be translated to the envelope, membrane, 
and spike proteins inside the cell’s cytoplasm. These 
proteins are first inserted into the endoplasmic reticu-

lum. Then, they reach the Golgi intermediate compart-
ment, where eventually mature viruses are formed. The 
ribonucleoprotein consisting of the SARS-CoV-2 RNA 
and nucleocapsids will merge with other components of 
the virus in the endoplasmic reticulum-Golgi intermedi-
ate compartment to form new virions. After being as-
sembled, virions will be transported to the cell’s surface 
and eventually leave the cell via exocytosis. The high 
number of viruses produced in the endoplasmic reticu-
lum will ultimately lead to cell death [6].

Transmission

The epidemiological triad explains 3 factors that con-
nect in complicated ways to produce the disease (Figure 
2). Transmission of an infectious agent may be catego-
rized as direct or indirect [22]. Infected patients with 
SARS-CoV-2 may transmit the disease 2 days before 
developing the symptoms. This is acknowledged as one 
of the important factors of the ongoing pandemic since 
the infected individuals are infectious without showing 
any symptoms before becoming symptomatic. There are 
3 common ways for SARS-CoV-2 transmission. The 
respiratory transmission of SARS-CoV-2 is the primary 
route of transmission, which occurs mostly via respira-
tory droplets produced by an infected person’s cough-
ing, sneezing, or speaking. If susceptible hosts breathe 
in these expelled droplets, they may become infected. 
Moreover, the closer a person is to these droplets, the 
higher the risk of being infected [23, 24]. Since SARS-
CoV-2 is considered to be heavy, chances are that the 
viral particles of an infected person may not be able to 
reach a greater distance of 1.5 meters. The second way 
of transmission is by airborne microdroplets, which 
are also known as aerosols. It is suggested that SARS-
CoV-2 can spread through the air given the increasing 
number of cases globally [25]. In addition, air samples 
were SARS-CoV-2 RNA positive using PCR, and it is 
believed that under certain circumstances, this virus can 
be airborne transmitted [26, 27]. Thirdly, it has been in-
dicated that SARS-CoV-2 can be transmitted by fomite. 
SARS-CoV-2 can survive and remain infectious for days 
on surfaces under certain conditions. A person must 
touch their mouth, eyes, or nose after touching a contam-
inated surface without washing their hands to become 
infected [28, 29]. It is suggested that the virus is mainly 
spread through respiratory droplets, aerosols, or airborne 
transmission, and the chance of being infected by fomite 
surfaces is considered lower than the former modes [30]. 
A report suggests that for a person to get infected by 
SARS-CoV-2 through contaminated inanimate surfaces, 
they must touch the infected surface within 1 to 2 h after 
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an infectious person has contaminated that surface via 
sneezing, coughing, and or touching. Hence, inanimate 
surfaces in places (other than hospitals) that were not 
in contact with an infected person for some time may 
not pose a risk for transmission [31]. When outside its 
host and on inanimate surfaces, SARS-CoV-2 is highly 
vulnerable to changes in the environment, for instance, 
pH, osmolarity, and temperature. This phenomenon may 
be responsible for several paradoxical results between in 
vitro and clinical studies that have researched different 
therapeutical agents.

Other modes of transmission, including fecal aero-
solization, urine contact, blood transfusion, and sexual 
transmission, have also been proposed aside from the 3 
discussed routes of transmission for SARS-CoV-2. Evi-
dence suggests that viable SARS-CoV-2 can be isolated 
from the feces of patients with COVID-19 [32, 33]. One 
report claims the isolated viable and infectious SARS-
CoV-2 from the urine sample of COVID-19 patients 
could infect healthy vulnerable cells through in vitro ex-
amination [34]. Moreover, one study holds fecal aerosol 
transmission of the virus responsible for a community 
outbreak [35]. Two reports also detected SARS-CoV-2 
in blood samples of patients before the development 
of COVID-19 symptoms [36, 37]. However, a case re-
port indicates that a patient receiving apheresis platelet 
transfusion from an infected person with SARS-CoV-2 
did not develop COVID-19 afterward [38]. In addition, 
there has not been a report of infection with SARS-
CoV-2 through blood transfusion [39]. As for the sexual 
transmission of SARS-CoV-2, the vaginal fluid of a pa-
tient diagnosed with COVID-19 was positive for SARS-
CoV-2 using the reverse transcription polymerase chain 
reaction [40]. However, COVID-19 is not characterized 
as a sexually transmitted disease [41]. The oral cavity 
could also be a potential route for SARS-CoV-2 infec-
tion since the virus was detected in saliva samples of pa-
tients with COVID-19 [42]. Although these ways have 
been proposed as potential routes for the transmission 
of SARS-CoV-2, results show that it is unlikely for the 
community to become infected with the virus through 
these paths. However, individuals with close contact 
with the infected patient, for instance, families, relatives, 
roommates, or health care workers, could be potentially 
in danger of being infected. Still, transmission through 
droplets remains a major way and the most probable 
route of transmitting the virus.

Clinical manifestations

COVID-19 has a widespread variety of symptoms 
ranging from asymptomatic cases to critically ill patients 
that may require special care (Table 1) [7]. It is estimated 
that the mean incubation period of SARS-CoV-2 is ap-
proximately 5 days, and most cases will develop symp-
toms within 14 days after being infected [43]. Although 
the symptoms of COVID-19 are not specific to the dis-
ease, shortness of breath and olfactory dysfunction could 
be marked as alarming signs of the infection. As the dis-
ease progresses to severe stages, the symptoms become 
worse. In the later stages of the disease, the vital organs 
may malfunction, which could be fatal. 

Asymptomatic cases

Some COVID-19 patients may be asymptomatic or 
may develop mild symptoms [7, 44–49]. These patients 
would not seek medical care since they might not be 
aware of their infection. SARS-CoV-2 is found in the 
pharyngeal samples of asymptomatic cases, however, 
the virus does not stimulate the innate immunologic 
response. Thereby, fatigue, fever, cough, sore throat, 
and gastrointestinal signs are not present in some of 
the asymptomatic patients [7, 44, 46]. These cases are 
estimated to include approximately 10% to 30% of the 
patients that are infected with SARS-CoV-2. Moreover, 
the asymptomatic infection can be developed in all age 
groups [50]. It is suggested that negative results of re-
verse transcription polymerase chain reaction in asymp-
tomatic cases may be due to the low load of the virus in 
these cases [45]. Though asymptomatic patients may de-
velop no obvious clinical presentations, their laboratory 
results, including a low level of C-reactive protein and 
alanine aminotransferase (implementing no inflamma-
tion or liver damage, respectively), and radiologic find-
ings, such as patchy shadows in the computed tomog-
raphy scan, may present traces of SARS-CoV-2 and its 
replication [46, 47, 50]. 

What makes asymptomatic cases a concern for public 
health is that these cases are difficult to identify and can 
contaminate their nearby environment. Hence, they are 
considered a major factor in the current COVID-19 pan-
demic. This raises the need for detecting infected cases 
with methods other than symptom-based screenings [51, 
52]. One study suggests that asymptomatic cases can 
significantly infect lower proportions of other individu-
als compared to symptomatic cases [53]. Interestingly, 
it is assumed that the spread of COVID-19 by asymp-
tomatic patients is likely to result in more asymptomatic 
infections, which has been backed up by the Diamond 
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Princess cruise ship’s outbreak [53, 54]. Another study 
states that there are no evidence of infectious asymptom-
atic cases and the transmission of the virus to their close 
contacts. Also, samples taken from these cases were 
negative for viable SARS-CoV-2 [48]. However, an in-
vestigation claims that asymptomatic patients had con-
siderable viral shedding in a skilled nursing facility [49].

Mild to moderate cases

Though some patients may be asymptomatic during the 
whole course of the infection, some may gradually de-
velop symptoms. In one study, an estimate of 81% of pa-
tients among 44 415 cases had mild symptoms without 
the need of being hospitalized [55]. Studies indicate that 

fever, fatigue, headache, respiratory symptoms, such as 
nasal obstruction, dry cough, and gastrointestinal com-
plications, including nausea, diarrhea, and abdominal 
pain, are among the most common symptoms in mild to 
moderate cases of COVID-19 [56–58]. Also, olfactory 
dysfunction (i.e., anosmia, dysgeusia, and ageusia) have 
been reported among other symptoms in these cases [56, 
58, 59]. It may take approximately 12 days for symptoms 
to subside in mild to moderate cases [56]. Consolidation 
or ground-glass opacity may be found in the chest com-
puted tomography scan of these cases [60]. Laboratory 
findings of patients admitted to hospitals, including ferri-
tin, aspartate aminotransferase, D-dimer, and C-reactive 
protein levels, were significantly higher in moderate 
cases of COVID-19 compared to mild cases. It may take 

Table 1. Clinical manifestations of the Coronavirus Disease 2019 (COVID-19)

Variables

General Manifestations

Asthenia

Myalgia

Fever

Sore throat

Joint pain

Respiratory Manifestations

Nasal obstruction

Cough

Rhinorrhea

Shortness of breath

Production of sputum

Dyspnea

Respiratory rate ≥ 30 breathes per minute (severe cases)

Respiratory failure (critical cases)

Gastrointestinal Manifestations

Diarrhea

Nausea

Vomiting

Abdominal pain

Neurological Manifestations

Gustatory dysfunction

Olfactory dysfunction

Headache

Notes: This table summarizes the clinical manifestations of COVID-19 found in different studies with various cases (56–
58,64,71)420 patients completed the study (962 females, 30.7% of healthcare workers.
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Figure 1. Key dates related to severe acute respiratory Syndrome Coronavirus 2 (SARS-CoV-2) timeline
Abbreviations: WHO: World Health Organization; FDA: U.S. Food and Drug Administration; EUA: emergency use authoriza-
tion; HCQ: hydroxychloroquine; CQ: chloroquine; COVID-19: coronavirus disease 2019; SARS-CoV-2 VUI 202012/01, severe 
acute respiratory syndrome coronavirus 2 variant under investigation, year 2020, month 12, variant 01; UK, United Kingdom.

December 31, 2020 

Pneumonia of unknown origin 
reported in china 

January 30, 2020 

WHO declares the new outbreak 
as public health emergency of 
international concern 

March 18, 2020 

Solidarity Trial is launched by 
WHO 

March 28, 2020 

FDA issues an EUA for emergency 
use of oral formulations of HCQ 
sulfate and CQ phosphate for the 
treatment of COVID-19 patients 

May 1, 2020 

FDA issues the EUA for emergency 
use of remdesivir in hospitalized 
patients with severe COVID-19 

June 15, 2020 

FDA revokes the EUA of emergency 
use of oral formulations of HCQ 
sulfate and CQ phosphate for the 
treatment of COVID-19 patients  

October 22, 2020 

FDA approves remdesivir for the 
treatment of COVID-19 requiring 
hospitalization 

December 14, 2020 

Emergent of SARS-CoV-2 VUI 
202012/01 in the UK 

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


173

 July 2022. Volume 8. Number 3

a shorter hospitalization for mild COVID-19 cases. Nev-
ertheless, moderate cases may take more time to develop 
a negative PCR test result for viable SARS-CoV-2 [57].

Severe to critical cases

People at higher risk of developing severe to critical 
COVID-19 are those in the old age group and or with 
an already coexisting condition(s) that may be fatal 
[61]. These underlying conditions include autoimmune 
and cardiovascular diseases, diabetes, and respiratory 
complications, including chronic obstructive pulmo-
nary disease, smoking, severe asthma, hypertension, 
cancer, and obesity [61–63]. One investigation points 
out that critically ill COVID-19 cases admitted to the 
intensive care unit had low blood pressure that needed 
vasopressor to manage the condition and or mechani-
cal ventilation because of type 1 hypoxemic respiratory 
failure [64]. Hypoxemia and dyspnea may eventually 
lead to end organ failure, a life-threatening respiratory 
disorder known as acute respiratory distress syndrome 
or death [65]. A cohort study of 928 COVID-19 cases 
indicated that patients with cancer, regardless of the 
presence of active cancer, anticancer therapy, or both, 
are at increased risk of developing severe COVID-19 
that may result in mortality [66].

It is suggested that the high death rates in the old age 
population might be the result of less vigorous immune 
responses against SARS-CoV-2 [65]. At the severe stage 

of the disease, lung inflammation may be a key factor for 
acute respiratory distress syndrome [67]. Symptoms of 
severe or critical COVID-19 include chest congestion, 
chest pain, shortness of breath, cough, fever, lack of ap-
petite, diarrhea, vomiting, weakness, fatigue, and muscle 
pain [58, 64]. Gastrointestinal symptoms become more 
noticeable as COVID-19 becomes more severe [58]. 
Other complications, such as pulmonary edema, mul-
tiple organ failure, pneumonia, and acute respiratory 
distress syndrome may also become apparent in later 
courses of the disease [62]. Immune response in patients 
with poor prognosis may also be challenging. One study 
suggests that the immune system may act differently in 
2 phases. During the first phase, the immune defense sys-
tem tries to fight the virus, and it needs to be boosted; 
however, the immunological response could result in a 
phenomenon known as cytokine storm syndrome in the 
second phase that needs to be inhibited as this syndrome 
may lead to pulmonary damage and even death [67, 68]. 
COVID-19 cases are also susceptible to thrombosis and 
thromboembolic events with the release of inflammatory 
cytokines throughout the body [69].

Laboratory findings of severe to critical cases of CO-
VID-19 indicate elevated innate immune response, re-
duced biological markers associated with adaptive im-
mune response, tissue damage, and increased biological 
markers related to major organ failure [70]. An elevated 
level of D-dimer in the blood is also considered a risk 

Figure 2. Epidemiological triad of the Coronavirus Disease 2019 (COVID-19).
Notes: This illustration indicates that under certain conditions (environment) infectious agent (SARS-CoV-2) may interact with 
its susceptible host (humans), and this could result in the disease (COVID-19). 
Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

SARS-CoV-2 
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(Disease) 
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factor for developing severe COVID-19 as this factor is 
associated with pneumonia and the initiation of the co-
agulation cascade [71, 72]. The computed tomography 
scan of these cases shows a higher amount of consoli-
dation, crazy-paving pattern, bronchial wall thickening, 
and linear opacities compared to patients who have less 
severe symptoms, which may indicate pneumonia in pa-
tients with COVID-19 [62]. 

SARS-CoV-2 variants

Random mutations in the SARS-CoV-2 genome are 
inevitable. Although these mutations may not have con-
siderable effects, some may have impacts on different 
properties of the virus, including the performance of the 
therapeutical agents or vaccines against the virus, the 
transmissibility of SARS-CoV-2, and the severity of CO-
VID-19. On December 14, 2020, officials in the United 
Kingdom and Northern Ireland reported a new variant 
of SARS-CoV-2 referred to as “SARS-CoV-2 Variant 
Under Investigation, the year 2020, month 12, variant 
01 (VUI 202112/01)”, later named B.1.1.7 (alpha) vari-
ant, which became the dominant variant in some coun-
tries [73]. Other SARS-CoV-2 variants of concern are 
B.1.351 (beta) variant first reported in South Africa, P.1 
(gamma) variant reported in Brazil, and B.1.617 (delta) 
variant that first appeared in India, which is currently on 
high surge in some countries. SARS-CoV-2 lineages of 
interest are B.1.525 (eta), B.1.526 (iota) which was first 
documented in the United States of America, B.1.617.1 
(kappa), which was identified in India, C.37 (lambda) 
that was recognized in Peru, and B.1.621 (mu), which 
was documented first at Colombia. There are also new 
emerging variants that require further investigation [74].

Conclusion

SARS-CoV-2 caused a pandemic that has affected 
health care services, governments, and economies glob-
ally. This virus is expected to cause more damage in the 
body where hACE2 receptors are abundant. Moreover, 
the SARS-CoV-2 nucleocapsid and RBD could be 2 
potential targets for future vaccines and therapeutical 
agents. Infection caused by the virus is mainly trans-
mitted through droplets of infected patients to healthy 
individuals. Patients with COVID-19 may have a vari-
ety of symptoms. Fever, loss of appetite and or smell, 
fatigue, and dry cough are among the most reported 
symptoms. Underlying conditions, including diabetes, 
cardiovascular, or respiratory complications, may lead to 
severe or critical stages of COVID-19. The two lethal 
complications of the disease that may even be fatal are 
acute respiratory distress syndrome and cytokine storm 

syndrome. Newly emerging variants worldwide caused 
by viral mutations remain of great concern that requires 
further evaluation. It appears the virus is adapting to each 
region’s specific environment; therefore, new endemic 
variants are being formed accordingly.
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