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beta‑coronavirus (β‑CoV) genus, Sarbecovirus subgenus, 
and SARS‑related coronavirus species.[2]

SARS‑CoV‑2 contains nearly 30,000 letters of 
RNA  (29,903)  (GenBank: MN908947.3)[3] that allows 
the virus to infect cells and hijack them to make 
new viruses. Studies have shown that this virus 
applies its spike protein to bind to cell receptors 
such as the angiotensin‑converting enzyme 2  (ACE2) 
receptor protein and transmembrane serine protease 
2 (TMPRSS2) protease, to enter cells. Findings confirmed 
that the spike protein structure with 3822 nucleotides 
is the main reason for higher infectivity of SARS‑CoV‑2 
than its ancestors.[4,5]

The most common clinical  symptoms of the 
COVID‑19 patients are fever, cough, shortness of breath, 
and other breathing difficulties in addition to other 
nonspecific symptoms including headache, dyspnea, 
fatigue, and muscle pain and digestive symptoms such 

INTRODUCTION

In late December 2019, hospital physicians in Wuhan, 
China, reported unusual cases of pneumonia. 
Subsequent studies have shown that the origin of 
this disease is from the food market in Wuhan City, 
Hubei Province, in Central China. By confirmation 
of the Chinese section of the Centers for Disease 
Control and Prevention  (CDC), on January 2, 2020, 
the cause of the disease was announced to be a new 
coronavirus called nCoV‑2019. The World Health 
Organization (WHO) approved the results of isolation 
of genome and genomic sequencing of the nCoV‑2019 
on February 11, 2020.[1] The severe acute respiratory 
syndrome coronavirus 2 (SARS‑CoV‑2), an enveloped, 
positive single‑stranded RNA virus, belongs to the 
Riboviria Realm, Orthornavirae Kingdom, Pisuviricota 
Phylum, Pisoniviricetes class, Nidovirales order, 
Coronaviridae family, Coronavirinae subfamily and 

The severe acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2), a zoonotic infection, is responsible for COVID‑19 pandemic 
and also is known as a public health concern. However, so far, the origin of the causative virus and its intermediate hosts is yet to be 
fully determined. SARS‑CoV‑2 contains nearly 30,000 letters of RNA that allows the virus to infect cells and hijack them to make 
new viruses. On the other hand, among 14 detected mutations in the SARS‑CoV‑2 S protein that provide advantages to virus for 
transmission and evasion form treatment, the D614G mutation (substitution of aspartic acid [D] with glycine [G] in codon 614 was 
particular which could provide the facilitation of the transmission of the virus and virulence. To date, in contrary to the global effort 
to come up with various aspects of SARS‑CoV‑2, there are still great pitfalls in the knowledge of this disease and many angles remain 
unclear. That’s why, the monitoring and periodical investigation of this emerging infection in an epidemiological study seems to be 
essential. The present study characterizes the current epidemiological status (i.e., possible transmission route, mortality and morbidity 
risk, emerging SARS‑CoV‑2 variants, and clinical feature) of the SARS‑CoV‑2 in the world during these pandemic.

Keywords: COVID‑19, pandemics, SARS‑CoV‑2 variants, transmission

Address for correspondence: Dr. Reza Ranjbar, Molecular Biology Research Center, Systems Biology and Poisonings Institute, Baqiyatallah 
University of Medical Sciences, Tehran, Iran. E‑mail: ranjbarre@gmail.com
Submitted: 20‑May‑2020;  Revised: 30‑Dec‑2020;  Accepted: 25-Apr-2021;  Published: 30-Sep-2021

R
e

v
ie

w
 A

r
t

ic
l

e

Access this article online
Quick Response Code:

Website:  

www.jmsjournal.net

DOI:  

10.4103/jrms.JRMS_506_20

How to cite this article: Halaji M, Heiat M, Faraji N, Ranjbar R. Epidemiology of COVID-19: An updated review. J Res Med Sci 2021;26:82.

This is an open access journal, and articles are 
distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work 
non‑commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com



Halaji, et al.: Epidemiology of SARS‑CoV‑2

Journal of Research in Medical Sciences| 2021 | 2

as diarrhea and vomiting.[6] The incidence of COVID‑19 
continues to increase. Globally, up to February 10, 2021, 
106,797,721 infected cases, including 2,341,145 deaths, have 
been reported.

To date, in contrary to the global effort to come up 
with various aspects of SARS‑CoV‑2, including clinical 
manifestations, epidemiology, mortality and morbidity, 
and diagnosis, there are still great pitfalls in the knowledge 
of this disease and many angles remain unclear. That’s 
why, the monitoring and periodical investigation of this 
emerging infection is an essential issue. The present study 
characterizes the current epidemiological status  (i.e., 
possible transmission route, mortality and morbidity risk, 
emerging SARS‑CoV‑2 variants, and clinical feature) of the 
SARS‑CoV‑2 in the world in 2020–2021.

DOMINANT TRANSMISSION ROUTES

SARS‑CoV‑2 can be transmitted directly from human 
to human and indirectly via contaminated objects.[7] 
Person‑to‑person transmission of SARS‑CoV‑2 occurs mainly 
via respiratory droplets spread by coughs, sneezes, or even 
talking. Droplets usually cannot proceed more than six 
feet. SARS‑CoV‑2 remains contagious in droplets and 
suspends in the air for maximum 3 h.[8] However, the WHO 
demonstrated that airborne transmission is not a significant 
route in disease transmission on 75,465 confirmed 
COVID‑19 cases in China as of March 27, 2020.[9] In order 
to prevent aerosol spread of SARS‑CoV‑2, room ventilation 
and airborne isolation can be useful.[10]

Direct contact of a contaminated hand with mucous 
membranes such as the eyes, nose, or mouth can also 
transmit the virus.[11] Therefore, handwashing with soap 
and water or using sanitizers can be helpful. Transmission 
of SARS‑CoV‑2 from asymptomatic cases without any 
paraclinical findings may also occur.[12‑14] Hence, there is an 
urgent need for sensitive and fast diagnosis of suspected 
individuals.

In a multicenter study while each patient showed at least 
two nonpolymerase chain reaction  (PCR) negative tests, 
the reverse transcription‑PCR remained still positive up 
to 13 days after discharge.[15] Viral shedding in the stool 
takes place up to 5 weeks[16] with a mean of 11.2 days after 
a negative respiratory test.[17]

Although positive blood and stool samples for SARS‑CoV‑2 
RNA have been reported and some COVID‑19  patients 
had positive stool cultures for living SARS‑CoV‑2,[18] a 
WHO‑China report showed that fecal‑oral transmission 
is not a major route.[11] However, a recent study in China 
with 1070 specimens collected from 205 COVID‑19 patients 

showed that 29% of positive COVID‑19 individuals have 
been infected by transmission via feces.[18]

Based on studies of semen and testicular samples 
of COVID‑19  patients, SARS‑CoV‑2 is not sexually 
transmitted.[19] In a recent case report, an infant delivered 
from a COVID‑19‑positive mother was tested negative for 
7 samples of pharynx, blood, and stool;[20] on the other hand, 
some studies demonstrated that immunoglobulin M against 
SARS‑CoV‑2 was detected in blood samples of newborns; 
therefore, vertical transmission of SARS‑CoV‑2 is still a 
matter of conflict.[21,22]

Although it is not clear that SARS‑CoV‑2 can be transmitted 
from infected animals to humans, this phenomenon needs to 
be considered as a possibility.[23] SARS‑CoV‑2 is able to infect 
dogs, cats, and some other animals.[24] A German shepherd 
dog was reported dead (with unclear cause of death and no 
autopsy) 2 days after quarantining the pet owner because of 
COVID‑19. Cat‑to‑cat transmission of SARS‑CoV‑2 has been 
reported, but it is not clear if cat‑to‑human transmission is 
possible.[9]

FACTORS CONTRIBUTING TO RISK OF THE DISEASE

SARS‑CoV‑2 can spread through direct and indirect 
contact  (human‑to‑human and contaminated objects). 
Meantime personal protective equipment could also 
be considered as the possible source of airborne 
infections.[7] Transmission factors are varied from 
environmental, behavioral, and physical to virological (viral 
loading, location of virus receptor, etc.) features which 
can infected individuals and cause serious problems.[25] 
SARS‑CoV‑2 aerosol spread can occur when a person 
touches a contaminated surface, and then, the hands 
contact with mucous membranes such as the mouth, 
nose, or eyes. Therefore, proper sanitizers or washing 
hands with soap and water is recommended.[25] Despite 
RNA of SARS‑CoV‑2 has been detected in blood and 
stool sample, a joint WHO‑China report indicated that 
fecal‑oral transmission did not seem to be an important 
spread factor.[25,26] Consequently, Xiao et al. documented 
evidence of gastrointestinal SARS‑CoV‑2 infection and 
represented the risk of virus transmission via the fecal‑oral 
route, which can be as a possible route for SARS‑CoV‑2 
transmission.[27] It seems that the risk of virus transmission 
is greater than what we think. Vivanti et  al. reported a 
case of SARS‑CoV‑2 transplacental transmission from 
a pregnant woman infected by COVID‑19 during late 
pregnancy to her fetus. The load of virus was much more 
higher in the placental tissue than in the amniotic fluid 
or maternal blood which based on the European Centre 
for Disease Control  (https://www.ecdc.europa.eu/en/
all‑topicsz/coronavirus/threatsand‑outbreaks/covid19/
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laboratory‑support/questions) detecting both “E” and “S” 
genes of SARS‑CoV‑2 is confirming positive result. The 
viral load in the placental tissue was much higher than in 
amniotic fluid or maternal blood.[28] Furthermore, some 
systematic reviews demonstrated vertical transmission 
of SARS‑CoV‑2, vaginal delivery from mother to neonate 
9.6%–21%,[29,30] and maternal immune cells. Nevertheless, 
vertical transmission of mother‑to‑infant hypothesis 
requires further investigation. One of the major problems 
of SARS CoV‑2 pandemic is decreasing transplant rate 
which leads to increasing mortality on the waiting list, for 
instance, in Spain as a great pandemic area for SARS‑CoV‑2, 
on March 13, 2020, the mean number of donors has declined 
from 7.2 to 1.2 per day, and the mean number of transplants 
from 16.1 to 2.1 per day.[31]

NOSOCOMIAL TRANSMISSION

Nosocomial transmission of SARS‑CoV‑2 is a serious health 
center problem which is facilitated by mobile phones of 
health‑care workers and hospital equipment.[32] One case 
report study showed a person‑to‑person transmission 
between health‑care workers  and patients .  Of 
forty‑eight study cases, six out of twelve patients 
had SARS‑CoV‑2‑positive results by RT‑PCR and had 
shown symptoms at the time of examination.[33] Among 
high‑risk professionals at SARS‑CoV‑2 outbreak, dental 
professionals are at the top of the nosocomial transmission 
and infection list that make them to become as a disease 
potential carriers.[34] The previous studies showed the 
existence of SARS‑CoV‑2 in patient’s face and saliva,[35,36] 
in which SARS‑CoV‑2 was able to bind to the receptors of 
ACE2 indicating a remarkable reason for the existence of 
COVID‑19 in the secretory saliva.[1,37] Consequently, the 
transmission of SARS‑CoV‑2 via aerosol or fomites and 
health‑care facilities is plausible, which may be related to 
person‑to‑person transmission in the dental clinics.[38] The 
Epidemiology Team of Coronavirus Pneumonia Emergency 
Response  (2020) represented that COVID‑19 nosocomial 
coughing transmission is still imprecise, but in China, 
around 1716 hospital staff have been infected by February 
2020 during their makeshift. Those huge infections numbers 
probably have been occurred by the person‑to‑person 
transmission of viral‑loaded aerosol.

The CDC has declared that till April 2020, in the 
USA, around 9000 medical center staff have been 
identified with SARS‑CoV‑2‑positive results, which 
could be related to airborne aerosol cloud nosocomial 
transmission.[39] Therefore, combination of handwashing 
and surgical face mask effectively decreases the rate of 
nosocomial transmission.[40] Among patients who were 
hospitalized or admitted, about 15 individuals (4.9%) were 
identified as a COVID‑19 nosocomial infected patients.[41]

MORBIDITY AND MORTALITY

According to the WHO, by February 2021, there have 
been 109,068,745 confirmed cases of SARS‑CoV‑19, 
including 2,409,011 deaths.[9] The mortality of COVID‑19 
is associated with some health conditions including older 
age  (>60  years), gender, smoking history, preexisting 
pneumonia, and significant comorbid illnesses  (such as 
immunocompromised states, chronic cardiovascular, 
cerebrovascular, pulmonary, kidney disease, diabetes 
mellitus, fulminant inflammation, lactic acid accumulation, 
and thrombotic events).[42‑44] A meta‑regression study has 
reported that hypertension is considered as a risk factor 
for both mortality and severity.[45] Although there is no 
sufficient documentation to display the association of this 
fatality with fever in SARS‑CoV‑2, fever and cough are the 
most frequent symptoms which have been related to death 
or sever acute condition in infected patients.[44] Children are 
less affected than adults, and clinical attack rates in the 0–19 
age group are low and usually present as a mild disease.[46] 
Zhao et al. investigated association between the blood group 
and the SARS‑CoV‑2 among 2173 patients and compared 
them with normal patients in Wuhan and Shenzhen, China. 
The results showed that the proportion of blood group A 
in SARS‑CoV‑2 patients was significantly higher indicating 
it as a risk factor for the individuals.[47] SARS‑CoV‑2 has 
the ability to infect neurons in vitro and leads to neuronal 
death, but the data from CSF and autopsy examinations 
do not show consistent evidence of direct CNS invasion. 
Nevertheless, effects on the median eminence and other 
circumventricular organs cannot be prevented and may 
play an important role in the disease systemic expression.[2]

Furthermore, according to some case‑cohort studies, there 
are some blood markers which can be related to mortality 
of SARS‑CoV‑2 in hospitalized patients, including lower 
oxygenation index, serum urea nitrogen, total bilirubin, 
lactate dehydrogenase (LDH(, aspartate aminotransferase/
alanine aminotransferase ratio, C‑reactive protein  (CRP), 
D‑dimer, fibrin/fibrinogen  (FIB) degradation products, 
FIB, erythrocyte sedimentation rate, and prolactin.[48‑50] In 
a meta‑analysis, Lippi et al. showed the remarkably lower 
level of platelet in patients with more severe COVID‑19. 
Consequently, thrombocytopenia could be a clinical 
indicator and is also considered as a risk for severe disease 
and mortality in COVID‑19 patients.[51]

Furthermore, some molecular investigations on 
SARS‑CoV‑2‑infected patients have revealed a significant 
role of some molecular features and gene expression in 
susceptibility of infection and symptoms indication, such 
as ACE2, ACE1/ACE2, ACE2/TMPRSS2, renin–angiotensin 
system pathway, CD147, CD26‑related molecules, and 
IFITM3.[52,53] Shi et  al. represented that IFITM3 plasma 
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membrane localization increases SARS‑CoV‑2 infection, 
while IFITM3 endocytosis successfully restricts the virus.[54] 
FITM3 with IFITM2 was shown to enhance SARS‑CoV‑2 
infection, quite than restrict it, both in the absence and 
presence of interferon.[55] Zhang et  al. suggested that 
rs12252:G is the risk allele of COVID‑19 in Chinese 
patients.[56] Devarajan et  al. studied the single‑nucleotide 
polymorphism rs12252‑C/C in the gene IFITM3 as a risk 
factor that is associated with severe influenza in patients 
with COVID‑19. However, they have suggested that further 
investigation of the IFITM3‑rs12252‑C/C allele in a large 
population is needed.

Although there are few reports of studies investigating 
the association of human leukocyte antigen (HLA) genetic 
variation and the immune response against SARS‑CoV‑2, 
Lin et  al. represented that the HLA‑B*46:01 has been 
significantly related to the severity of SARS in Asian 
populations.[57] Another study showed that HLA‑A*24:02 
is associated with SARS‑CoV‑2 susceptibility after 
noticing this allele in four of five patients from Wuhan.[58] 
The severity of SARS-CoV-2 disease  is associated with 
elevation of  IL-2R, IL-6, IL-10, and TNF- due to  “cytokine 
storming”. It is related to the development of severe alveolar 
damage and lung inflammation as a distinctive pathological 
picture  of the acute respiratory distress syndrome.[59] 
Among all previously mentioned risk factors, male gender, 
diabetes, age, and chronic heart and pulmonary conditions 
show higher morbidity or mortality associated by 
SARS‑CoV‑2.[60,61]

NOTABLE FEATURES OF POSSIBLE ORIGINS, 
SOURCES, AND RESERVOIRS OF THE SEVERE 
ACUTE RESPIRATORY SYNDROME CORONAVIRUS 2

Zoonotic diseases are type of illnesses which normally 
exist in animals and could infect humans. Understanding 
the source of a zoonosis infection is very critical for health 
authorities to separate humans from infected animals, in the 
outbreaks or pandemics of zoonotic agents. SARS‑CoV‑2 as 
a zoonotic infection is responsible for COVID‑19 pandemic 
and also is known as a public health concern. However, so 
far, the origin of the causative virus and its intermediate 
hosts is yet to be fully determined.[62]

Commonly, the SARS‑CoV, MERS‑CoV, and SARS‑CoV‑2 
are known as highly zoonotic pathogenic β‑CoVs with bat 
origin which caused tree pandemics in the 21th century.[20]

Previous reports have revealed that SARS‐CoV and 
MERS‐CoV have been spread from the source origin (bats) 
to the intermediate host  (palm civets for SARS‐CoV and 
camels for MERS‐CoV) and then transmission circle has 
been completed by the transmission of the virus from the 

interface hosts to the humans. Most likely, it seems that the 
SARS‑CoV‑2 may have been transmitted to subjects via the 
intermediate host.

Phylogenetic analysis is one of the good approaches to 
finding the possible sources and reservoirs of zoonotic 
agents. Phylogenetic data have shown that genomes of 
SARS‑CoV‑2, SARS‑CoV, and MERS‑CoV share noticeable 
similarities with each other.[63] To date, a large number of 
phylogenomic analysis investigations have reported that the 
complete genome sequence (~29.9 kb size) of SARS‑CoV‑2 
had almost 80% and 96% similarity with human SARS‑CoV 
and bat coronavirus at nucleic acid level, respectively, 
suggesting that the bats’ CoV and SARS‑CoV‑2 might be 
generated from the common ancestor.[64,65] Furthermore, 
the recent studies have confirmed that bats are the primary 
reservoir of SARS‑CoV and MERS‑CoV.[66‑68] Another report 
has introduced the pangolins as natural reservoirs for 
SARS‑CoV‑2‑like CoVs, but there is no conclusive document 
that SARS‑CoV‑2 has a specific wildlife host as a virus 
reservoir.[69,70]

Besides bats, CoVs have been isolated from various 
animals such as snakes, minks, and pangolins and these 
animals have considered as a possible intermediate host 
for SARS‑CoV‑2.[71] Anyway, there is no experimental 
data to support the hypothesis of being of snakes and 
minks as interface hosts of the SARS‑CoV‑2. At the front, 
more advanced molecular analysis and virological studies 
suggested that pangolins are the most likely candidate 
for intermediate hosts and this suggestion is supported 
by phylogenetic analysis studies. For example, original 
papers have identified 99% and 85.5%–92.4% similarity 
in complete genome sequence of pangolin‑CoV and 
SARS‑CoV‑2.[72] Meanwhile, another research has identified 
that S protein in receptor‑binding domain (RDB) of isolated 
Malayan pangolin‑CoV was almost the same as that of 
SARS‑CoV‑2.[73] The current main suggestion is that the 
CoVs derived from bat have infected the pangolins and 
then some genetical variations such as mutations and 
recombination phenomena evolved this pathogen for 
transmission to human.[24] Figure 1 represents the potential 
and possible transmission routs of SARS‑CoV‑2.

The S protein of SARS‑CoV‑2 is responsible for virus entry 
into the cells and beginning the infection in human. This 
viral protein shares approximately 80% similarity with 
the SARS‑CoV ones in amino acid level, however, there 
are some difference in amino acid residues of the RBD‑S 
protein between SARS‑CoV and SARS‑CoV2.[74] It seems 
that humans are infected with the virus directly from 
intermediate animal hosts through contact.[75] Now, it 
is obvious that the animals are main intermediate hosts 
for the evolution of SARS‑CoV‑2 via recombination and 
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mutation events. Nevertheless, further investigation and 
analysis may be needed to find the intermediate hosts and 
other sources.[76]

I N C U B AT I O N  P E R I O D  A N D  C L I N I C A L 
CHARACTERIZATION

The incubation period of an infectious disease is the time 
interval between the exposures to an infectious agent 
until signs and symptoms of the disease appear.[77] The 
incubation period of a disease can widely vary from one 
person to another. Understanding the incubation period 
data of a novel infectious agent is useful to estimating 
the size of the transmission potential and the pandemic, 
finding the active cases, assessing the effectiveness of entry 
screening and contact tracing, and relative infectiousness 
of a pathogen.[63,78]

The reported estimate of the novel coronavirus incubation 
time is based on limited case data. Using the data from 
many online publishes, the incubation period for the novel 
coronavirus is estimated to be in the range of 2–14 days;[78] 
however, two cases with an incubation period of 19 and 
27  days have been reported in other public reports.[14] 
Although the median incubation period of COVID‑19 is 
variable, many public studies have estimated approximately 
5‑day incubation time for this viral infection.[78‑80] It has been 
shown that the median time to confirm the virus infection 
after first doctor’s visit is around 1 (ranged from 1 to 2 days) 
day.[81,82] Further studies have reported that the median time 
from start of manifestation to dyspnea and hospitalization 
was 5 and 7 days, respectively. Furthermore, the median 
time for ARDS was 8 days.[25] Hence, applying at least 14‑day 
quarantine, which is longer than incubation time of virus, 

is a very effective policy to avoid the risk of COVID‑19 
transmission from active clusters to other subjects.[83] Studies 
that compare the average incubation time in SARS‐CoV‐2, 
SARS‑CoV, and MERS infections, statistically remarkable 
differences in the incubation periods between these three 
coronaviruses have not reported,[3] while, some studies 
have suggested that new emerged COVID‑19 had long 
incubation time than MERS and SARS‑CoV[84] however, 
most studies with large sample size around the world are 
needed to find this issues.

The clinical outcomes of COVID‑19 are variable, and 
there is no complete study on its true clinical features. 
Although SARS‑CoV‑2 is a respiratory tract virus, because 
the presence of cellular receptors  (ACE2) for virus entry 
into host cell in the most organs, infection does not limit to 
lungs and it could be considered as a multi‑organ infection 
with pulmonary and extrapulmonary outcomes.[85] Adults 
infected by COVID‑19 can develop a spectrum of disease 
and illness severity, from asymptomatic to mild, moderate, 
or severe disease. In approximately 80% of patients, 
infection is asymptomatic or mild,[86,87] and unfortunately, 
in the 20% of infected patients, the disease progresses to 
severe stage with severe respiratory manifestations.[87,88] 
The major presenting manifestations of COVID‑19 are fever, 
cough, headache, fatigue, myalgia, malaise, and shortness 
of breath or difficulty breathing. On the other hand, 
sore throat, muscle ache, confusion, sputum production, 
rhinorrhea, chest pain, conjunctivitis, diarrhea, nausea, 
and vomiting are less frequently seen in these patients.[89,90] 
Therefore, this disease cannot be distinguished from other 
respiratory diseases.

COVID‑19 can be divided into four levels including 
mild, moderate, severe, and critical, based on the severity 
of clinical manifestations. The details of each level are 
represented in Table 1.

Analysis of clinical features in the young, middle‑aged, 
and elderly SARS‑CoV‑2‑sufferings from Hainan (China) 
indicated that fever was the common symptom in the all 
age groups and infection also followed by dry cough and 
sputum. Overall, the elderly and immunocompromised 
patients are more susceptible to the severe forms of 
COVID‑19 and also the mortality rate in these patients 
is higher than young and middle‑aged individuals.[20,82] 
Meanwhile, SARS‑CoV‑2 infection in neonates, infants, and 
children is markedly milder than their patients.[25] There 
are little data from SARS‑CoV‑2‑perinatal infection, and 
previous studies indicated no evidence of perinatal infection 
during the pregnancy.[90,91] Furthermore, this virus has not 
been detected in the milk of mothers; however, mothers 
with ARS‑CoV‑2 infection are encouraged to use personal 
protective equipment during breastfeeding their babies.[92,93]

Figure 1: Potential and possible transmission routs of severe acute respiratory 
syndrome coronavirus 2
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According to published reports, complications observed 
in these patients included ARDS, shock, coagulation 
dysfunction, metabolic acidosis, acute lung injury, acute 
cardiac injury, and acute kidney injury. The disease in critical 
patients can quickly progress to multiple organ functional 
failure.[25,94] Furthermore, clinical complications such as 
ARDS and acute heart, liver, and kidney dysfunctions 
in elderly patients are largely higher than young and 
middle‑aged ones.[68] The conducted studies have found a 
distinct positive correlation between age and peak viral load 
in clinical samples; all these suggest that viral replication can 
lead to clinical manifestations and death among the elderly 
group.[35] Although 4%–11% case fatality rate was recorded 
for the hospitalized ARS‑CoV‑2‑positive patients,[25] the 
overall case fatality rates are truly different among different 
countries around the world. For example, it is 4.2% in China, 
7.7% in Italy, 5.7% in Iran, 3.6% in the United Kingdom, 
and 6.2% in the United States of America. This is may be 
because of differences in medical care systems, number of 
undiagnosed cases with mild or asymptomatic stages of 
illness, sensitivity of laboratory detection methods, and 
population heterogeneity.[95,96] Hence, precise estimation of 
overall case fatality rates is impossible at now.[97] Figure 2 
shows the main complication and comorbidity related to 
coronavirus disease.

Similar to SARS and MERS, COVID‑19 led to the 
extreme enhance in the level of inflammatory cytokines 
such as IL‑2, IL‑6, IL‑7, IL‑10, interferon-inducible 
protein 10 (IP-10), granulocyte colony‑stimulating factor, 
monocyte chemotactic protein 1, TNF‑α, and macrophage 
inflammatory protein 1A  (especially in intensive care 
unit patients) which is named cytokine storm[25] and 
is responsible for severe symptoms in the pulmonary 
tract.[98,99] Higher viral loads in the serum and stool are 
associated with drastically elevated IL‑6 level and diarrhea, 
respectively.[18] The viral load in the salivary is reached to 
the maximum level during the 1st week after symptom 
onset and then decreased over time. The viral loads in some 
specimens indicate that extrapulmonary viral replication 
contributes to clinical manifestations. The most common 

laboratory findings of COVID‑19 are included neutrophilia, 
lymphopenia, enhanced LDH, prolonged prothrombin 
time, increased alanine transaminase, enhanced D‑dimer, 
creatinine kinase, and CRP.[35]

EMERGING SEVERE ACUTE RESPIRATORY 
SYNDROME CORONAVIRUS 2 NOTABLE VARIANTS

The genome mutation of the SARS‑CoV‑2 during 
reproducing by infected cell is one of the ways of the virus 
evolution and the variability of the genome, thus allowing 
viruses to escape from the host immune system and 
cause drug resistance and also have an effect on the virus 
transmission and the disease severity.[100]

A group of viruses that share the same distinct inherited 
mutations is called a variant. Most of the reported 
mutations in this virus is related to mutations in its spike 
glycoproteins.[101] Among 14 detected mutations in the 
SARS‑CoV‑2 S protein that provide advantages to virus 
for transmission and evasion form treatment, the D614G 
mutation (substitution of aspartic acid [D] with glycine [G] 

Table 1: The clinical details of four levels of COVID‑19
Disease name Severity level of COVID‑19 symptoms Clinical symptoms
COVID‑19 Mild The patients suffer from only mild symptoms without radiographic features

Moderate The patients suffer from fever, respiratory signs, and radiographic features 
such as ground‑glass opacity

Severe Patients have one of three criteria including
Oxygen saturation <93% in ambient air
Dyspnea
PaO2/FiO2 <300 mmHg

Critical Patients have all of the three criteria including
Oxygen saturation <93% in ambient air
Dyspnea
PaO2/FiO2 <300 mmHg

Figure 2: Main complication and comorbidity related to coronavirus disease



Halaji, et al.: Epidemiology of SARS‑CoV‑2

Journal of Research in Medical Sciences | 2021 |7

in codon 614 was particular important since enables the 
virus to be at least 36% more transmissible than other 
variants.[102]

SARS‑CoV‑2 spike D614G variant, also called lineage 
B.1.1.7 or Variant of Concern 202012/01 which has emerged 
in the United Kingdom (UK variant), may be associated 
with an increased risk of death compared to the other 
variants.

This variant has an unusually large number of mutations 
such as nonsynonymous mutations, deletions, and 
synonymous mutations that some of them resulted in 
amino acid changes in the spike protein including ΔH69/
V70, ΔY144, D614G, N501Y, A570D, P681H, T716I, S982A, 
and D1118H. These mutations are important. For instance, 
the spike protein with N501Y mutation that is located in 
the receptor‑binding site (spike protein’s RDB) binds more 
tightly to its cellular receptor, ACE‑2.

The other variant 501Y.V2 that has been identified in South 
Africa was called B.1.351 lineage. The last three changes are 
located within the RBD which is estimated to cause 50% 
more transmissibility than previously circulating variants 
in South Africa.[103]

One novel variant which was described in Brazil, P.  1 
variant (VOC202101/02, 20J/501Y.V3), is not tightly related 
to VOC 202012/01 or 501Y.V2 and has eleven amino acid 
alterations, L18F, T20N, P26S, D138Y, R190S, K417T, E484K, 
N501Y, H655Y, T1027I, and V1176F. Three of them (K417T, 
E484K, and N501Y) are located in the RBD. Due to the 
presence of N501Y, the increased transmissibility is assumed 
for this variant.[104] Another variant has been also reported 
in Brazil that was called as VUI202101/01, P.  2 which 
owns less mutation than P. 1 variants. Figure 3 reveals the 
global distribution of emerging variants of SARS‑CoV‑2. 
Another variant, an Indian type, Delta SARS-CoV-2 
(B.1.617.2. AY.1, AY.2, AY.3 lineage), was detected in October 

2020[105], and spread drastically in many countries. A study 
demonstrated that the spread ability of variant delta (55% 
more transmittable than variant Alpha, said WHO)  is due 
to its potency to scape to antibodies targeting non-RBD and 
RBD Spike epitopes [106].

At the beginning of the COVID‑19, numerous scientists and 
biopharmaceutical manufacturers have attended in research 
collaboration for developing medications, vaccine discovery, 
and manufacturing. To the best of our knowledge, about 100 
vaccines reached the final testing stages. Most of the vaccine 
designs are based on two different variants of SARS‑CoV‑2 
genomes, called L and S.[105] Some antiviral medications are 
prepared for clinical trials.[61,105]

Tracking the novel variants of SARS‑CoV‑2 is one of the 
important global issues. Some variants including 501Y.
V2, B.1.351 and P. 1 could represent more transmissibility 
and impact on incidence of this pandemic.[107] Moreover, 
some concerns are growing about the impact of introduced 
vaccines and medications on newly discovered variants. For 
example, E484K in 501Y.V2 and P. 1 variants could cause 
a reduction in neutralization by the anti‑RBD monoclonal 
antibodies.[108] There are also some evidences that this 
mutation has significant effects on viral sustainability 
and adaptive evolution which could decline vaccines 
efficiency.[109] Fortunately, almost all vaccines have 
maintained their efficacy to acceptable levels, but not 
favorable. However, it requires more evidences and studies 
to confirm their efficiencies against new variants.

CONCLUSIONS

This article is an overview of the current researches on 
epidemiology in response to the outbreak of COVID‑19. 
In the present review, we summarized the latest reports 
of transmission route and risk of transmission, mortality 
and morbidity risk factor, possible origins and reservoirs, 
and clinical outcomes of SARS‑CoV‑2 infection. On the 
other hand, notable variants of SARS‑CoV‑2 that are the 
important challenge were investigated. However, further 
investigations on all aspects of the illness are urgently 
needed to overcome this viral infectious pandemic.

Acknowledgments
We would like to thank to guidance and advice from 
the Clinical Research Development Unit of Baqiyatallah 
Hospital, Tehran, Iran.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

Figure 3: The global distribution of emerging variants of severe acute respiratory 
syndrome coronavirus 2



Halaji, et al.: Epidemiology of SARS‑CoV‑2

Journal of Research in Medical Sciences| 2021 | 8

REFERENCES

1. Hoffmann M, Kleine‑Weber H, Schroeder S, Krüger N, Herrler T, 
Erichsen S, et al. SARS‑CoV‑2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease inhibitor. 
Cell 2020;181:271‑80.e8.

2. Heiat M, Hashemi‑Aghdam MR, Heiat F, Rastegar Shariat Panahi M, 
Aghamollaei H, Moosazadeh Moghaddam M, et al. Integrative role
of traditional and modern technologies to combat COVID‑19.
Expert Rev Anti Infect Ther 2021;19:23‑33.

3. Backer JA, Klinkenberg D, Wallinga J. Incubation period of 2019
novel coronavirus  (2019‑nCoV) infections among travellers
from Wuhan, China, 20–28 January 2020. Eurosurveillance
2020;25:2000062.

4. Shirani  K, Sheikhbahaei  E, Torkpour  Z, Ghadiri Nejad  M,
Kamyab Moghadas  B, Ghasemi  M, et  al. A  narrative review
of COVID‑19: The new pandemic disease. Iran J Med Sci
2020;45:233‑49.

5. Torabi R, Ranjbar R, Halaji M, Heiat M. Aptamers, the bivalent
agents as probes and therapies for coronavirus infections:
A systematic review. Mol Cell Probes 2020;53:101636.

6. Alimohamadi  Y, Sepandi  M, Taghdir  M, Hosamirudsari  H.
Determine the most  common cl inical  symptoms in
COVID‑19  patients: A  systematic review and meta‑analysis.
J Prev Med Hyg 2020;61:E304‑12.

7. Yuan L, Zhi N, Yu C, Ming G, Yingle L, Kumar GN, et al. Aerodynamic 
characteristics and RNA concentration of SARS‑CoV‑2 aerosol
in Wuhan hospitals during COVID‑19 outbreak. bioRxiv
2020.03.08.982637; doi: https://doi.org/10.1101/2020.03.08.982637.

8. Van Doremalen  N, Bushmaker  T, Morris  DH, Holbrook  MG,
Gamble A, Williamson  BN, et  al. Aerosol and surface stability
of SARS‑CoV‑2 as compared with SARS‑CoV‑1. N Engl J Med
2020;382:1564‑7.

9. A v a i l a b l e  f r o m :  h t t p s : / / c o v i d 1 9 . w h o .
i n t / ? g c l i d = C j w  K C A i A m r O B B h A 0 E i w A r n 3 m
fLVjjk5ggOXJc5CcnrHpBRSgakFdRqVyt11 QVL6c6wRSuzy0
ZShY4RoCOEwQAvD_BwE. [Last accessed on 2020 Mar 27].

10. Santarpia JL, Rivera DN, Herrera V, Morwitzer MJ, Creager H, 
Santarpia  GW, et  al. Transmission potential of SARS‑CoV‑2 in
viral shedding observed at the University of Nebraska Medical
Center. medRxiv 2020.03.23.20039446; doi: https://doi.org/10.110
1/2020.03.23.20039446.

11. McIntosh  K, Hirsch  MS, Bloom A: Coronavirus disease
2019 (COVID‑19). UpToDate Hirsch MS Bloom 2020;5:1‑1.

12. Rothe  C, Schunk  M, Sothmann  P, Bretzel  G, Froeschl  G,
Wallrauch C, et al. Transmission of 2019‑nCoV infection from an
asymptomatic contact in Germany. N Engl J Med 2020;382:970‑1.

13. Yu  P, Zhu  J, Zhang  Z, Han  Y. A  familial cluster of infection
associated with the 2019 novel coronavirus indicating possible
person‑to‑person transmission during the incubation period.
J Infect Dis 2020;221:1757‑61.

14.	 Bai Y, Yao L, Wei T, Tian F, Jin DY, Chen L, et al. Presumed asymptomatic 
carrier transmission of COVID‑19. JAMA 2020;323:1406‑7.

15. Pan F, Ye T, Sun P, Gui S, Liang B, Li L, et al. Time course of lung 
changes at chest CT during recovery from coronavirus disease
2019 (COVID‑19). Radiology 2020;295:715‑21.

16. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk
factors for mortality of adult inpatients with COVID‑19 in Wuhan, 
China: A retrospective cohort study. Lancet 2020;395:1054‑62.

17. Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG, et al. A new
coronavirus associated with human respiratory disease in China. 
Nature 2020;579:265‑9.

18. Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al. Detection of
SARS‑CoV‑2 in different types of clinical specimens. JAMA

2020;323:1843‑4.
19. Song C, Wang Y, Li W, Hu B, Chen G, Xia P, et al. Detection of

2019 novel coronavirus in semen and testicular biopsy specimen 
of COVID‑19 patients. medRxiv 2020.03.31.20042333; doi: https://
doi.org/10.1101/2020.03.31.20042333.

20. Li  Y, Zhao  R, Zheng  S, Chen  X, Wang  J, Sheng  X, et  al. Lack
of vertical transmission of severe acute respiratory syndrome 
coronavirus 2, China. Emerg Infect Dis 2020;26:1335‑6.

21. Dong L, Tian J, He S, Zhu C, Wang J, Liu C, et al. Possible vertical 
transmission of SARS‑CoV‑2 from an infected mother to her 
newborn. JAMA 2020;323:1846‑8.

22. Zeng H, Xu C, Fan J, Tang Y, Deng Q, Zhang W, et al. Antibodies 
in infants born to mothers with COVID‑19 pneumonia. JAMA 
2020;323:1848‑9.

23. Peeri NC, Shrestha N, Rahman MS, Zaki R, Tan Z, Bibi S, et al. 
The SARS, MERS and novel coronavirus (COVID‑19) epidemics, 
the newest and biggest global health threats: What lessons have 
we learned? Int J Epidemiol 2020;49:717‑26.

24. Shi  J, Wen  Z, Zhong  G, Yang  H, Wang  C, Huang  B, et  al. 
Susceptibility of ferrets, cats, dogs, and other domesticated animals 
to SARS‚ Äìcoronavirus 2. Science 2020;368:1016‑20.

25. Singhal  T. A  review of coronavirus disease‑2019  (COVID‑19).
Indian J Pediatr 2020;87:281‑6.

26. Tang  A, Tong  ZD, Wang  HL, Dai  YX, Li  KF, Liu  JN, et  al. 
Detection of novel coronavirus by RT‑PCR in stool specimen from 
asymptomatic child, China. Emerg Infect Dis 2020;26:1337‑9.

27. Xiao  F, Tang  M, Zheng  X, Liu  Y, Li  X, Shan  H. Evidence for
gastrointestinal infection of SARS‑CoV‑2. Gastroenterology 
2020;158:1831‑3.e3.

28. Vivanti AJ, Vauloup‑Fellous C, Prevot  S, Zupan V, Suffee C,
Do Cao  J, et  al. Transplacental transmission of SARS‑CoV‑2 
infection. Nat Commun 2020;11:3572.

29. Abu Raya B, Giles ML, Sadarangani M. Vertical transmission of
severe acute respiratory syndrome coronavirus 2 from the mother 
to the infant. JAMA Pediatr 2020;174:1007‑8.

30. Juan  J, Gil MM, Rong Z, Zhang Y, Yang H, Poon LC. Effect of
coronavirus disease 2019 (COVID‑19) on maternal, perinatal and 
neonatal outcome: Systematic review. Ultrasound Obstet Gynecol 
2020;56:15‑27.

31. Domínguez‑Gil B, Coll E, Fernández‑Ruiz M, Corral E, Del Río F, 
Zaragoza R, et al. COVID‑19 in Spain: Transplantation in the midst 
of the pandemic. Am J Transplant 2020;20:2593‑8.

32. Phua J, Weng L, Ling L, Egi M, Lim CM, Divatia JV, et al. Intensive care 
management of coronavirus disease 2019 (COVID‑19): Challenges 
and recommendations. Lancet Respir Med 2020;8:506‑17.

33. Schwierzeck V, König JC, Kühn J, Mellmann A, Correa‑Martínez CL,
Omran H, et al. First reported nosocomial outbreak of severe acute 
respiratory syndrome coronavirus 2 in a pediatric dialysis unit. 
Clin Infect Dis 2021;72:265‑70.

34. Ather A, Patel  B, Ruparel  NB, Diogenes A, Hargreaves  KM.
Coronavirus disease 19  (COVID‑19): Implications for clinical 
dental care. J Endod 2020;46:584‑95.

35. To KK, Tsang OT, Leung WS, Tam AR, Wu TC, Lung DC, et al. 
Temporal profiles of viral load in posterior oropharyngeal saliva 
samples and serum antibody responses during infection by 
SARS‑CoV‑2: An observational cohort study. Lancet Infect Dis 
2020;20:565‑74.

36. Zhang  J, Wang  S, Xue  Y. Fecal specimen diagnosis 2019 novel
coronavirus‑infected pneumonia. J Med Virol 2020;92:680‑2.

37. Sabino‑Silva R, Jardim AC, Siqueira WL. Coronavirus COVID‑19 
impacts to dentistry and potential salivary diagnosis. Clin Oral 
Investig 2020;24:1619‑21.

38. Peng  X, Xu  X, Li  Y, Cheng  L, Zhou  X, Ren  B. Transmission
routes of 2019‑nCoV and controls in dental practice. Int J Oral 



Halaji, et al.: Epidemiology of SARS‑CoV‑2

Journal of Research in Medical Sciences | 2021 |9

Sci 2020;12:9.
39. Jayaweera  M, Perera  H, Gunawardana  B, Manatunge  J.

Transmission of COVID‑19 virus by droplets and aerosols:
A  critical review on the unresolved dichotomy. Environ Res
2020;188:109819.

40. Cheng VC, Wong SC, Chen JH, Yip CC, Chuang VW, Tsang OT,
et al. Escalating infection control response to the rapidly evolving 
epidemiology of the coronavirus disease 2019  (COVID‑19) due
to SARS‑CoV‑2 in Hong Kong. Infect Control Hosp Epidemiol
2020;41:493‑8.

41. Luong‑Nguyen M, Hermand H, Abdalla S, Cabrit N, Hobeika C, 
Brouquet A, et al. Nosocomial infection with SARS‑Cov‑2 within
departments of digestive surgery. J Chir Visc 2020;157:S13‑9.

42. Mirzaie A, Halaji M, Dehkordi FS, Ranjbar R, Noorbazargan H.
A narrative literature review on traditional medicine options for
treatment of corona virus disease 2019 (COVID‑19). Complement 
Ther Clin Pract 2020;40:101214.

43. Sabati H, Mohsenzadeh A. COVID‑19 and respiratory tract viral
co‑infections: Choosing the screening method. J Curr Biomed Rep 
2020;2:1‑2.

44. Leung  C. Clinical features of deaths in the novel coronavirus
epidemic in China. Rev Med Virol 2020;30:e2103.

45. Lippi  G, Wong  J, Henry  BM. Hypertension and its severity or
mortality in coronavirus disease 2019  (COVID‑19): A  pooled
analysis. Pol Arch Intern Med 2020;130:304‑9.

46. Liu  H, Liu  F, Li  J, Zhang  T, Wang  D, Lan  W. Clinical and CT
imaging features of the COVID‑19 pneumonia: Focus on pregnant 
women and children. J Infect 2020;80:e7‑13.

47. Zhao J, Yang Y, Huang H, Li D, Gu D, Lu X, et al. Relationship
between the ABO Blood Group and the COVID‑19 Susceptibility. 
Clin Infect Dis 2020;ciaa1150. https://doi.org/10.1093/cid/ciaa1150.

48. Fu L, Fei J, Xiang HX, Xiang Y, Tan ZX, Li MD, et al. Influence
factors of death risk among COVID‑19 patients in Wuhan, China: 
A  hospital‑based case‑cohort study. medRxiv 2020. Electronic
preprint. [doi: 10.1101/2020.03.13.20035329].

49. Al‑Samkari H, Karp Leaf RS, Dzik WH, Carlson JC, Fogerty AE,
Waheed A, et  al. COVID‑19 and coagulation: Bleeding and
thrombotic manifestations of SARS‑CoV‑2 infection. Blood
2020;136:489‑500.

50. Han H, Yang L, Liu R, Liu F, Wu KL, Li J, et al. Prominent changes 
in blood coagulation of patients with SARS‑CoV‑2 infection. Clin 
Chem Lab Med 2020;58:1116‑20.

51. Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated
with severe coronavirus disease 2019  (COVID‑19) infections:
A meta‑analysis. Clin Chim Acta 2020;506:145‑8.

52. Nikoloudis D, Kountouras D, Hiona A. The frequency of combined 
IFITM3 haplotype involving the reference alleles of both rs12252 
and rs34481144 is in line with COVID‑19 standardized mortality
ratio of ethnic groups in England. PeerJ 2020;8:e10402.

53. Mohammadpour  S, Torshizi Esfahani A, Halaji  M, Lak  M,
Ranjbar R. An updated review of the association of host genetic
factors with susceptibility and resistance to COVID‑19. J  Cell
Physiol 2021;236:49‑54.

54. Shi G, Kenney AD, Kudryashova E, Zani A, Zhang L, Lai KK, et al. 
Opposing activities of IFITM proteins in SARS‑CoV‑2 infection.
EMBO J 2021;40:e106501.

55. Winstone H, Lista MJ, Reid AC, Bouton C, Pickering S, Galao RP, 
et al. The polybasic cleavage site in SARS‑CoV‑2 spike modulates 
viral sensitivity to type I interferon and IFITM2. J  Virol
2021;95:e02422‑20.

56. Zhang Y, Qin L, Zhao Y, Zhang P, Xu B, Li K, et al. Interferon‑induced 
transmembrane protein 3 genetic variant rs12252‑C associated
with disease severity in coronavirus disease 2019. J  Infect Dis
2020;222:34‑7.

57. Lin  M, Tseng  HK, Trejaut  JA, Lee  HL, Loo  JH, Chu  CC, et  al.
Association of HLA class I with severe acute respiratory syndrome 
coronavirus infection. BMC Med Genet 2003;4:9.

58. Warren  RL, Birol  I. HL predictions from the bronchoalveolar
lavage fluid and blood samples of eight COVID‑19 patients at the 
pandemic onset. Bioinformatics 2020;36:5271‑3.

59. Costela‑Ruiz  VJ, Illescas‑Montes  R, Puerta‑Puerta  JM, Ruiz  C,
Melguizo‑Rodríguez L. SARS‑CoV‑2 infection: The role of
cytokines in COVID‑19 disease. Cytokine Growth Factor Rev
2020;54:62‑75.

60. Mirzaei  R, Karampoor  S, Sholeh  M, Moradi  P, Ranjbar  R,
Ghasemi F. A contemporary review on pathogenesis and immunity
of COVID‑19 infection. Mol Biol Rep 2020;47:5365‑76.

61. Sheikhshahrokh A, Ranjbar R, Saeidi E, Dehkordi FS, Heiat M,
Ghasemi‑Dehkordi  P, et  al. Frontier therapeutics and vaccine
strategies for sars‑cov‑2 (COVID‑19): A review. Iran J Public Health 
2020;49:18‑29.

62. Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin HJ, 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.

63. Liu Z, Xiao X, Wei X, Li J, Yang J, Tan H, et al. Composition and
divergence of coronavirus spike proteins and host ACE2 receptors 
predict potential intermediate hosts of SARS‑CoV‑2. J Med Virol
2020;92:595‑601.

64.	 Hassanzadeh K, Perez Pena H, Dragotto J, Buccarello L, Iorio F, 
Pieraccini S, et al. Considerations around the SARS‑CoV‑2 spike
protein with particular attention to COVID‑19 brain infection and
neurological symptoms. ACS Chem Neurosci 2020;11:2361‑9.

65.	 Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D. 
Structure, function, and antigenicity of the SARS‑CoV‑2 spike
glycoprotein. Cell 2020;181:281‑92.e6.

66.	 Li W, Shi Z, Yu M, Ren W, Smith C, Epstein JH, et al. Bats are natural
reservoirs of SARS‑like coronaviruses. Science 2005;310:676‑9.

67. Yang  L, Wu  Z, Ren  X, Yang  F, He  G, Zhang  J, et  al. Novel
SARS‑like betacoronaviruses in bats, China, 2011. Emerg Infect
Dis 2013;19:989‑91.

68. Hu B, Zeng LP, Yang XL, Ge XY, Zhang W, Li B, et al. Discovery
of a rich gene pool of bat SARS‑related coronaviruses provides
new insights into the origin of SARS coronavirus. PLoS Pathog
2017;13:e1006698.

69.	 Ji WW, Zhao X, Zai J, Li X. Cross‐species transmission of the newly
identified coronavirus 2019‐nCoV. J Med Virol 2020;92:433‑40.

70. Kannan  S, Ali  PS, Sheeza A, Hemalatha  K. COVID‑19  (Novel
Coronavirus 2019) – Recent trends. Eur Rev Med Pharmacol Sci
2020;24:2006‑11.

71.	 Tiwari R, Dhama K, Sharun K, Iqbal Yatoo M, Malik YS, Singh R, 
et  al. COVID‑19: animals, veterinary and zoonotic links. Vet Q
2020;40:169‑82.

72. Kong LH, 2020. South China Agricultural University: pangolin
maybe the intermediate host for new coronavirus. people.cn. http://
bj.people.com.cn/n2/2020/0208/c14540-33775751.html [Accessed
on Feb. 28, 2020] (in Chinese).

73. Xiao K, Zhai J, Feng Y, Zhou N, Zhang X, Zou JJ, et al. Isolation
and characterization of 2019‑nCoV‑like coronavirus from
Malayan pangolins. bioRxiv 2020. Electronic preprint. [doi:
10.1101/2020.02.17.951335]. 

74. Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, et al. Structure of the
SARS‑CoV‑2 spike receptor‑binding domain bound to the ACE2
receptor. Nature 2020;581:215‑20.

75. Ge  XY, Li  JL, Yang  XL, Chmura AA, Zhu  G, Epstein  JH, et  al. 
Isolation and characterization of a bat SARS‑like coronavirus that 
uses the ACE2 receptor. Nature 2013;503:535‑8.

76. Ranjbar R, Mahmoodzadeh Hosseini H, Safarpoor Dehkordi F.



Halaji, et al.: Epidemiology of SARS‑CoV‑2

Journal of Research in Medical Sciences| 2021 | 10

A review on biochemical and immunological biomarkers used for 
laboratory diagnosis of SARS‑CoV‑2 (COVID‑19). Open Microbiol 
J 2020;14:290-96.

77. Tan WY, Wong LY, Leo YS, Toh MP. Does incubation period of
COVID‑19 vary with age? A study of epidemiologically linked
cases in Singapore. Epidemiol Infect 2020;148:e197.

78. Sriwijitalai W, Wiwanitkit V. Herbs that might be effective for
the management of COVID‑19: A  bioinformatics analysis on
anti‑tyrosine kinase property. J Res Med Sci 2020;25:44.

79. Lauer SA, Grantz KH, Bi Q, Jones FK, Zheng Q, Meredith HR, et al. 
The incubation period of coronavirus disease 2019 (COVID‑19)
from publicly reported confirmed cases: Estimation and
application. Ann Intern Med 2020;172:577‑82.

80. Johansson MA, Quandelacy TM, Kada S, Prasad PV, Steele M,
Brooks JT, et al. SARS‑CoV‑2 transmission from people without
COVID‑19 symptoms. JAMA Netw Open 2021;4:e2035057.

81. Qian GQ, Yang NB, Ding F, Ma AH, Wang ZY, Shen YF, et  al. 
Epidemiologic and clinical characteristics of 91 hospitalized
patients with COVID‑19 in Zhejiang, China: A  retrospective,
multi‑centre case series. QJM 2020;113:474‑81.

82. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
characteristics of coronavirus disease 2019 in China. N Engl J Med 
2020;382:1708‑20.

83. Jiang  X, Rayner  S, Luo  MH. Does SARS‐CoV‐2 has a longer
incubation period than SARS and MERS? J Med Virol 2020;92:476‑8.

84. Xie M, Chen Q. Insight into 2019 novel coronavirus – An updated 
interim review and lessons from SARS‑CoV and MERS‑CoV. Int J 
Infect Dis 2020;94:119‑24.

85. Gan  R, Rosoman  NP, Henshaw  DJ, Noble  EP, Georgius  P,
Sommerfeld N. COVID‑19 as a viral functional ACE2 deficiency
disorder with ACE2 related multi‑organ disease. Med Hypotheses 
2020;144:110024.

86. Ottestad W, Seim M, Mæhlen JO. COVID‑19 with silent hypoxemia.
Tidsskr Nor Legeforen 2020;140. doi: 10.4045/tidsskr.20.0299.
PMID: 32378842.

87. Mason  RJ. Pathogenesis of COVID‑19 from a cell biology
perspective. Eur Respir Soc 2020;55:2000607.

88. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological 
findings of COVID‑19 associated with acute respiratory distress
syndrome. Lancet Respir Med 2020;8:420‑2.

89. Liu K, Chen Y, Lin R, Han K. Clinical features of COVID‑19 in
elderly patients: A  comparison with young and middle‑aged
patients. J Infect 2020;80:e14‑8.

90. Chen  N, Zhou  M, Dong  X, Qu  J, Gong  F, Han  Y, et  al. 
Epidemiological and clinical characteristics of 99  cases of 2019
novel coronavirus pneumonia in Wuhan, China: A  descriptive
study. Lancet 2020;395:507‑13.

91. Di Mascio D, Khalil A, Saccone G, Rizzo G, Buca D, Liberati M,
et  al. Outcome of coronavirus spectrum infections  (SARS,
MERS, COVID‑19) during pregnancy: A systematic review and
meta‑analysis. Am J Obstet Gynecol MFM 2020;2:100107.

92. Wastnedge  EA, Reynolds  RM, van Boeckel  SR, Stock  SJ,
Denison FC, Maybin JA, et al. Pregnancy and COVID‑19. Physiol 
Rev 2021;101:303‑18.

93. Kotlar B, Gerson E, Petrillo S, Langer A, Tiemeier H. The impact
of the COVID‑19 pandemic on maternal and perinatal health:

A scoping review. Reprod Health 2021;18:1‑39.
94. Wang  D, Hu  B, Hu  C, Zhu  F, Liu  X, Zhang  J, et  al. Clinical

characteristics of 138 hospitalized patients with 2019 novel
coronavirus‑infected pneumonia in Wuhan, China. JAMA
2020;323:1061‑9.

95. Rahmanian  V, Rabiee  MH, Sharifi  H. Case fatality rate of
coronavirus disease 2019 (COVID‑19) in Iran – A term of caution. 
Asian Pac J Trop Med 2020;13:328.

96. Loomba  RS, Aggarwal  G, Aggarwal  S, Flores  S, Villarreal  EG,
Farias  JS, et  al. Disparities in case frequency and mortality of
coronavirus disease 2019 (COVID‑19) among various states in the 
United States. Ann Med 2021;53:151‑9.

97. Battegay M, Kuehl R, Tschudin‑Sutter S, Hirsch HH, Widmer AF, 
Neher  RA. 2019‑novel Coronavirus  (2019‑nCoV): Estimating
the case fatality rate  – A word of caution. Swiss Med Wkly
2020;150:w20203.

98. Ragab D, Salah Eldin H, Taeimah M, Khattab R, Salem R. The 
COVID‑19 cytokine storm; what we know so far. Front Immunol 
2020;11:1446.

99. Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation 
of immune response in patients with coronavirus 2019 (COVID‑19)
in Wuhan, China. Clin Infect Dis 2020;71:762‑8.

100.	Pachetti M, Marini B, Benedetti F, Giudici F, Mauro E, Storici P, 
et  al. Emerging SARS‑CoV‑2 mutation hot spots include a 
novel RNA‑dependent‑RNA polymerase variant. J  Transl Med 
2020;18:179.

101.	Durmaz B, Abdulmajed O, Durmaz R. Mutations observed in the 
SARS‑CoV‑2 spike glycoprotein and their effects in the interaction 
of virus with ACE‑2 receptor. Medeni Med J 2020;35:253‑60.

102.	Chand GB, Banerjee A, Azad GK. Identification of twenty‑five 
mutations in surface glycoprotein (Spike) of SARS‑CoV‑2 among 
Indian isolates and their impact on protein dynamics. Gene Rep 
2020;21:100891.

103.	Callaway  E. Fast‑spreading COVID variant can elude immune 
responses. Nature 2021;589:500‑1.

104.	Toovey  OT, Harvey  KN, Bird  PW, Tang  JW. Introduction of 
Brazilian SARS‑CoV‑2  484K.V2 related variants into the UK. 
J Infect 2021;82:e23-e24. doi: 10.1016/j.jinf.2021.01.025.

105.	Planas D, Veyer D, Baidaliuk A, Staropoli I, Guivel-Benhassine F, 
Rajah MM, P, et al. Reduced sensitivity of SARS-CoV-2 variant 
Delta to antibody neutralization. Nature. 2021, Epub ahead of 
print. doi: 10.1038/s41586-021-03777-9

106.	Https://www.who.int/en/activities/tracking-SARS-CoV-2-
variants/. variants. Available from: https://www.who.int/en/
activities/tracking-SARS-CoV-2-variants/

107.	Awadasseid A, Wu Y, Tanaka Y, Zhang W. Current advances in the 
development of SARS‑CoV‑2 vaccines. Int J Biol Sci 2021;17:8‑19.

108.	Gröhs Ferrareze  PA, Franceschi  VB, de Menezes Mayer  A, 
Caldana  GD, Zimerman  RA, Thompson  CE. E484K as an 
innovative phylogenetic event for viral evolution: Genomic 
analysis of the E484K spike mutation in SARS‑CoV‑2 lineages 
from Brazil. bioRxiv 2021.01.27.426895; doi: https://doi.
org/10.1101/2021.01.27.426895

109.	Caccuri F, Zani A, Messali S, Giovanetti M, Bugatti A, Campisi G, 
et al. A persistently replicating SARS‑CoV‑2 variant derived from 
an asymptomatic individual. J Transl Med 2020;18:362.


