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Abstract

SARS-CoV-2 (novel coronavirus, nCoV-2019) outbreak started 
in December 2019 in China has created a public health con-
cern all around the world. Since infected patients transported 
out of China, the outbreak status was quickly changed into 
pandemic. Comparison of available genome sequences of the 
virus strains enlightened most questions as the cell receptors 
(ACE2) responsible for the virus tropism which determines 
possible organs and tissues to be affected by the virus as well 
as possible involvement of the age groups and host diversi-
ty. SARS-CoV-2, new member of Coronaviridae shares some 
clinical and epidemiological aspects similar to previous high 
pathogenic human coronavirus, SARS-CoV, existed in 2002. 
The most outstanding property of SARS-CoV-2 is high trans-
mission rate (reproduction number, R0 ~ 3.58)   between 
suspected and susceptible people. While bats are pointed as 
the original host and pangolins as an intermediate host, pos-
sibility of other species contribution is still unknown. Accord-
ing to recent data, reptiles i.e. snakes seem to be out of the 
group for possible intermediate hosts. Also there is no data 
supporting involvement of domestic animals even pets or 
food producing in the infection spectrum. This review sum-
marizes the key findings of ongoing pandemia since the day 
disease existed. Molecular divergences now show that disease 
agent evolved into two types (S and L). Mutations and natural 

selections besides recombination will still continue to be the 
common feature of coronaviruses. Though implementation 
of common global measures and treatments other than rapid 
sharing the information will contribute prevention efforts and 
reducing the number of losses.

1. The Coronaviruses
Coronaviruses (CoVs) belong to Orthocoronavirinae subfamily 
in the virus family Coronaviridae. Orthocoronavirinae subfam-
ily contains four genera (Alphacoronavirus, Betacoronavirus, 
Gammacoronavirus and Deltacoronavirus) which all consisted 
of viruses that  are  important   for medical and veterinary 
medicine. (1,2) Coronaviruses have been well known since 
mid-1960, and are generally related viruses targeting epitellial 
cells in respiratory and gastrointestinal tract. Alphacoronavi-
ruses and betacoronaviruses usually infect various mammali-
an species but gamma and delta coronaviruses usually infect 
birds and fish. (3) Canine coronavirus, feline coronavirus and 
also commonly seen human coronaviruses 229E and NL63 be-
long to alphacoronavirus. More than 60 coronavirus species 
which infect bats have been detected where most of these vi-
ruses state in the betacoronavirus genus. Bovine coronavirus 
(BCoV) and some widely seen or pathogenic human coronavi-
ruses like OC43, HKU1, SARS-CoV and MERS also take place in 
betacoronavirus (Figure 1). (1,2) 
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CoV virions are in enveloped helically symmetric structure, 
contaning a single-stranded non-segmented RNA genome 
ranging between 26 to 32 kb which is the largest known RNA 
genome (Figure 2). (1) The CoVs genome comprises of four 
structural proteins; E (envelope protein), M (membrane pro-
tein), N (nucleocapsid protein), and S (spike protein). In adi-
tion, some betacoronoviruses have membrane-anchored HE 
(hemaglutinin-esterase) protein. The S glycoprotein, though 
to be strongly related to virus tropism, is associated with bind-
ing to cell surface receptors, fusion and cell entry. So, the S 
protein is the main target of neutralizating antibodies related 
to protective immunity. (1,2) Coronaviruses (CoV) have diverse 
host ranges in the nature and often can cross the host species 
barrier. (4) Possible genetic/antigenic changes in the S pro-
tein, not only in one unit but also in different domains of the 
viral genom are associated with tropism. Though cross host 
species interactions are correlated with the alterations and in-
teractions between the different regions of S protein. (2) It is 
stated that, most of human coronaviruses are originated from 
bat coronaviruses with a direct or by intermediate host trans
mission. (2)

2. Recent emergence of zoonotic corona-
viruses
In 2002, Severe Acute Respiratory Syndrome virus (SARS-CoV) 
had an epidemic importance which started in South of China. 
(7) The virus mainly passed through horseshoe bats (Rhinol-

ophus sinicus) and intermediate hosts were exerted as civet 
cats (Paguma larvata), raccoon dogs (Nyctereutes procyonoi-
des) and Chinese ferret badgers (Melogale moschata). (8,9) 
SARS-CoV led to approximately 800 human deaths, 8098 con-
firmed cases and had global effect with a fatality rate of 9.6%. 
The basic reproduction number (R0) for SARS coronavirus 
(now called SARS-CoV-1) was between 2.7-3.4.  (7,10,11) After a 
decade of period (from 2012 to 2013),  a new zoonotic corona-
virus, Middle East Respiratory Syndrome Coronavirus (MERS-
CoV) existed in the Middle East, Europe and Africa. MERS-CoV 
had caused 2494 confirmed human cases and 858 deaths in 
27 countries.  (7) Pronounced fatality rate was 34.4% (7) which 
was 3.6 times higher than SARS-CoV-1 while the R0 value was 
moderately low (0.8 – 1.3) which led to a slow dissemination 
among human populations. (11) MERS-CoV also had a zoonotic 
transmission evaluation; originated from Pipistrellus bat-CoV 
HKU5 (3,12) but dromedary (Arabian) camels were determined 
as the intermediate host. (13) Besides these viruses detected 
in the last decade, phylogenetic analysis showed possible re-
lation of HCoV-OC43 with another animal coronavirus bovine 
coronavirus (BCoV). (14)

3.Human coronaviruses and epidemiolo-
gy of SARS-CoV-2
So far, six known human coronaviruses were classified with 
their pathogenicity. Human coronavirus HCoV-229E, HKU1, 
OC43 and NL63 defined as low pathogenic and cause mild 
respiratory diseases, while high pathogenic human coronavi-
ruses including SARS-CoV-1 and MERS-CoV, which cause fatal 
pneumonia. (13)  Recently, in December 2019, a respiratory 
illness was identified in Wuhan, China. In a one month peri-
od, World Health Organization (WHO) has declarated global 
emergency, named the disease as COVID-19 and causative 
agent as SARS-CoV-2 based on the genetic relationship to 
previous virus obtained in SARS cases. (15)  Soon after, virus 
was classified in Sarbecovirus subgenus. According to whole 
genom analysis this virus was not closely similar to SARS-
CoV-1(79%) and MERS-CoV (50%) (16) (Figure 3), but preva-
lence of novel coronavirus cases were uncomparably higher 
than SARS-CoV-1 outbreak occured between 2002 and 2003 
(Table 1). SARS-CoV-2 infection spreaded across the world 
and infected cases rose dramatically (Figure 4, 5, 6). Accord-
ing to the 63th report of WHO (23 March 2020) 332930 indi-
viduals have been infected with 14510 deaths and the disease 
has spread to 193 country or territories (Table 2) (17). Entirely 
most of the cases were from China with 81601 patients, while 
starting in Italy the Europe forged ahead. Travel related cases 
had a major role in global spread and  there are 251329 cases 
outside the China; mostly in Italy, Iran and Spain about 59138 
, 21638 and 28572 cases respectively. It has a reported fatality 
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Figure 1. Classification status of important animal coronavirus-
es

Figure 2. Electron microscobic image of SARS-CoV-2 (left) and 
schematic diagram for coronavirus sturucture (right).(5,6)
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rate of 4.2 % at global scale but, as the spread of the infection 
is closely related to local biosecurity involvement, the fatalily 
rate also changes by country. Currently, the estimated fatality 
rate is 4% in China and 4.3% outside China, extreme fatality is 
also possible as in Italy (9.2% according to WHO- Situation re-
port 63). (17) Besides, most of the fatality rates were detected 
in male and elder patients. (18)

The basic reproduction number (R0), is a term which defines 
the number of people can be infected by one person who is 
infected and shares the virus. If the R0 is less than 1 the out-
break will disappear in a responsible period. But, if the it is 
over 1 (R0 ≥ 1) then the virus will spread in population. Thus 
the higher R0 value represents the higher dissemination rate. 
For SARS-CoV-2 while the estimated R0 value was 2.2 (20),cal-
culated (occurred) value is 3.58 from person to person and 2.3 
from reservoir host to person with a simulating model which 
identifies epidemic growth rate. (11) Current strategies are fo-
cused on biosecurity and isolation as preventive measure to 
decrease the R0 value.  

Yeşilbağ & Ayto u                                                                                                                                                     Novel Coronavirus (Sars-CoV-2) Outbreak

Figure 3. Phylogenetic analysis based on an alignment of the 
whole genome sequences of novel coronavirus and some 
other representative coronaviruses. 

Table 1. Comparison of SARS-CoV-1 and SARS-CoV-2 proper-
ties.
*Table was constituted according to the data described. 
(15,17,19)

Figure 4. Temporal comparison of case distribution detected 
in China between 31 December 2019 – 24 March 2020 (Who 
situation reports); Blue line: new cases, Green line: Cumulative 
case numbers.

Figure 5. Temporal comparison of death case distribution de-
tected in China between 31 December 2019 – 24 March 2020 
(Who situation reports); Red line: New cases, Yellow line: Cu-
mulative death cases.

Figure 6. Timeline for COVID-19 pandemia, 2020

Table 2. Current Global distribution of SARS-CoV-2 (21 March 
2020). (17)
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Recent studies suggests that the transmission came forward 
from respiratory droplets and direct contact. (18) Due to the 
rapid transmission between infected and non-infected indi-
viduals, asymptomatic patients are suggested as to be the 
main source for human cases. (21) Incubation period of this 
highly contagious coronavirus was estimated between 2 and 
14 days (average 4-8) and survalience time in the air is deter-
mined as 2 hours. (22,23)
SARS-CoV-2 was found more stable on plastic and stainless 
steel than on copper and cardboard. Infectious virus titer of 
105.25 TCID50  had decreased to 103.25 to 102.7 TCID50 and had re-
mained viable for 3 hours. In addition, the half-life of SARS-
CoV-2 had detected with median estimates of approximately 
1.1 to 1.2 hours in aerosols, 5.6 hours on stainless steel and 
6.8 hours on plastic. Depending on the inoculum, as including 
proteinous sources, shed virus can remain viable and infec-
tious on surfaces up to days. Although it was stated that the 
variations between the experiments and the other effective 
factors like amount of viral load can cause standart deviations 
in the results, mentioned study points out that those of results 
may also indicate possible transmission routes by aerosol or 
fomites of SARS-CoV-2. (24) According to comperative data,  
different human coronavirus strains can remain infectious on 
different types of materials starting from 2 hours up to 9 days. 
Besides it was announced that related coronaviruses can be 
inactivated by ethanol (71%) , hydrogen peroxide (0.5%), and 
sodium hypochlorite (0.1%)  in 1 minute. (25)

4. Cellular receptors for virus entry
For cross-species transmission, cellular tropism which atrib-
utes to host cell susceptibility, permissivity of the host cell and 
accesibility of the susceptible host cell and innate immune re-
sponse plays crucial roles. (2) For coronaviruses, adaptation to 
a new host is mainly associated with the structer and function 
of glycoprotein  S. Molecular studies showed that glycoprotein 
S can bind to the host receptors with their receptor binding 
domains (RBDs). Although its mechanism has not yet been dis-
covered, both HCoV-NL63 (alphacoronacirus) and SARS-CoV 
(betacoronavirus) use the angiotensin-converting enzyme-2 
(ACE2) molecule as a host cell receptor. (2,26) It is reported 
that the SARS-CoV-2 also uses the ACE2 receptor associated 
with the coronavirus spike (S) glycoproteins, similar to SARS-
CoV-1. (27) Afterwards, scientists focused on the structure of 
ACE2 cell receptor, to investigate potential routes, finding in-
termediate or resistent hosts for SARS-CoV-2 infections.
In addition to the alveolar cells of the lung, upper oesophagus, 
ileum, colon, kidney, bladder, urothelial and myocardial cells; 
a high ACE2 expression is also observed in epithelial cells of 
tongue and claimed to contain high risk route of the infection. 
(28) From another study based on online data bases, high ex-

pression of ACE2 in renal tubular cells exhibited and indicated 
as a causative reason of abnormal renal function which was 
found about 10% of the patients infected with SARS-CoV-2 in 
addition to respiratory system damage. (29) At the same study 
high expression of ACE2 was also found in testicular cells and 
suggested that SARS-CoV-2 may have a pottenital of testicu-
lar damage. (29) Moreover ACE2 receptor expression was also 
recognized in human cornea and conjunctival tissues, which 
is correlated with the conjunctivitis identified in COVID-19 pa-
tients. But the exact relation of SARS-CoV-2 and ocular infec-
tions are still an issue that has to be clarified. (30)

5. Possible animal source for SARS-CoV-2
The existence of novel coronavirus is postulated to be linked 
with Huanan seafood Wholesale Market. (22) Although in ear-
ly stages of the outbreak; before human to human transmis-
sion was confirmed (31), it was suggested that babboo rats, 
raccons or snakes which are sold in the market could be the 
origin of the virus. (20) Following whole genome sequencing 
which showed 96.2% similarty, the  SARS-CoV-2 shown to be 
corelated to BatCoV RatG13 of bats (SARS-like bat coronavirus). 
(20,32) Although the main host had been indicated, questions 
remained  if there is an intermediate host between bats and 
human as it was case for SARS-CoV and MERS-CoV. 
Sequence and structural analyses of ACE2 among human, 
non-human primates (gibbon, green monkey, macaque, 
orangutan and chimpanzee), domestic animals (cat, dog, bo-
vine, sheep, goat, swine, horse and chicken), wild animals (fer-
ret, civetand chinese horseshoe bat) and rodents (Mouse and 
rat) suggest that SARS-CoV-2 may not infect chicken, while
non-human primates may be intermediate host for transmis-
sion. (33) Analysis with binding model of S protein (RBD region) 
and ACE2 showed that pangolins, snacks and turtles may act 
as the potential intermediate hosts. (13) But in a later study, 
intermediate host  was  suggested   more likely to be a  warm-
blood vertebrate, than snakes.(34)  In a recent study (35) one 
coronavirus isolate detected from Malayan pangolins exhibit-
ed a  high sequence identity (100 % in E gene, 98.2% in M gene, 
96.7% in N gene and 90.4% in S gene,hence it was suggested 
that SARS-CoV-2 should be arised as a result of recombination 
between Pangolin-CoV-like virus and Bat-CoV-RatG13-like 
virus. Besides, nasal and oral swab samples from a dog kept 
in the same house with a confirmed COVID-19 patient were 
tested weak (doubtful) positive for SARS-CoV-2. (35) No specif-
ic clinical signs were observed in the suspected dog. Thus, it 
could be speculated for this dog to receive the virus by aero-
sols from the owner during the high level of virus shedding 
period. 
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6. Susceptibility of Asian people
Both SARS-CoV-1 and SARS-CoV-2 epidemics spread out from 
China, East Asian were suspected to be more susceptible to 
the coronaviruses. Though; ACE2 expression had also under 
debated for the demographic predictions of SARS-CoV-2 in-
fections.  In a study which focused on single-cell RNA sequenc-
ing (RNAseq) analysis, it was pronounced higher expression at 
Asian males and suggested ACE2 gene polymorphism could 
be the reason for higher expression levels of ACE2 in East 
Asian. But this study, had not exhibited a genetic support of 
Coronavirus S protein resistant mutants in different popula-
tions. (37) Contrary  to that results, another study investigated 
genetic variation data of ACE2, retrieved from the 1000 Ge-
nome; showed that average expression level of ACE2 in Asian 
is not significantly different from African or European ances-
try. (7) A positive correlation between receptor expression and 
increasing age (middle or older age adults) was demonstrated 
in the same study (7) which describes higher detected suscep-
tibility at elderly people.

7. Fundementals of diagnosis
Alongside the genomic sequence and receptor modeling 
studies, isolation of SARS-CoV-2 contributes to development 
of serological and rapid diagnostic tests. Mostly SARS-CoV-2 
studies applied by using VeroE6, Huh7, or human airway epi-
thelial cells. (16,39) SARS-CoV-2 propogation differences in cell 
types were investigated. Human adenocarcinoma cells (A549), 
human liver cells (HUH7.0), human embryonic kidney cells 
(HEK-293T), Vero E6, Vero CCL81 and big brown bat kidney 
cell lines (EFK3B) were used to compare virus isolation at na-
sopharyngeal (NP) and oropharyngeal (OP) swab specimens 
from a COVID-19 confirmed patient. Higher replication titer 
of SARS-CoV-2 was shown on VeroE6 and VeroCCL81 cell lines 
with CPE detection at 2nd day (d) postinfection (p.i.). (40) In 
another study which compares different cell lines in terms of 
proteolytical activation by TMPRSS2 (Transmembrane prote-
ase serine 2, enzyme that is related with coronavirus S proteins 
cleavage at the S1/S2 cleavage site in infected cells ); revailed 
~10-fold higher expression of TMPRSS2 messenger RNA in 
VeroE6/TMPRSS2 cells compared to normal human lung tis-
sue and other human cell lines. Detected CPEs were described 
as detachment/floating and syncytium formation 2 or 3 d p.i. 
(Figure 7), and VeroE6/TMPRSS2 cells were determined high-
ly susceptible for SARS-CoV-2 isolation than Vero, Calu-3, and 
A549 cell. (41) 
Genomic sequences of SARS-CoV-2 isolates obtained from dif-
ferent human patients shared 99.9% identity, indicating low 
rate of mutational changes in human hosts at least at entire 
part of the outbreak. It is also though that the occurrence of 
the virus, was not mosaic consisting and could be from one 

source. (16,39) Recently, SARS-CoV-2 strains evolved into two 
types (L ans S types) by demonstration of two SNPs with popu-
lation genetic analysis. (42) According to evolutionary analyses 
it is suggested that S type is more ancient and L type is much 
prevalent and agressive. But if L type evolved from S type in 
human or in the intermediate host is currently unknown. 
For the early and rapid detection of infected patients, quan-
titative real-time polymerase chain reaction (qRT-PCR) assays 
were evaluated. (43) Molecular diagnosis of novel coronavirus 
mostly based on N, E, ORF1ab, ORF1b-nsp14, and S genes or 
multiple targets for Pan-coronavirus detection. (44)
The virus has been detected in bronchoalveolar-lavage, sali-
va, sputum, nasopharyngeal swabs, and throat. (45,46,47,48)   
Peaked viral load at throat swab and sputum was reported 
at 5-6 days after onset of the symptoms. (49) Beside the re-
spiratory tract samples; urine, stool and anal swabs were also 
found positive with qRT-PCR. (49,50) Though it is estimated 
that SARS-CoV-2 can invade into urinary, hematological and 
digestive system other than respiratory system. (50) This 
recomendation matchs up with ACE2 expression researchs 
of ileum, colon, kidney and bladder. (28,29) Interestingly; in 
a patient, viral load was higher in anal swab than in oropha-
ryngeal swab. (50) SARS-CoV-2 detected by RT-PCR in tear and 
conjunctival secretions from positive patients (51,52). Also in 
rhesus macaques, COVID-19 infection was generated by con-
junctival inoculation to investigate efficiency of ocular trans-
mission. (53) But virus positivity rate in tears and conjunctival 
samples is very low contrast to other samples. Even though it 
is still recommended to take precautions to avoid ocular trans-
mission, the chance of entry by ocular tissues as well as ocular 
infection rate is not certain. (54)

8. Antivirals
Since the start of SARS-CoV-2 outbreak, studies have focussed 
on antivirals and vaccine development. Different antivirals 
are being tested in vitro and in animal models according to 
the experiences obtained from other viral infection, as well as 
previous outbreak of SARS-CoV, mainly because SARS-CoV-1 
and SARS-CoV-2 commonly use ACE2  as  cell receptor. But 
referring previous studies, for complete protection, it is pro-
nunced that serum neutralizing antibodies could be insuffi-
cient alone. Hence, although more detailed data are required, 
stimulation both of neutralizing antibody response and T cell 

Figure 7. SARS-CoV-2 propagation on VeroE6 cell culture. (40)
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response is recomended for novel vaccine formulations. (55) 
Among many recommended antiviral drug candidates; ACE2-
based peptide, 3CLpro inhibitor, novel vinylsulfone protease 
inhibitor, remdesivir and chloroquine revealed as effective in 
the control of CoVID-19. (18) Articles and practices are stand-
ing on three drugs; Remdesivir, Favipiravir and chloroquine. 
(18,56,57) Remdesivir and chloroquine found highly effective 
in the control of SARS-CoV-2 in vitro (57), and also significant 
improvement in chest imagining and shorter viral clearance 
had  recognized by using Favipiravir (56). But still there has 
been no proven effective treatment or vaccine when this pa-
per is prepared. 

9. Conclutions
According to WHO’s declaration, it is the sixth publich health 
concern after H1N1, polio, Ebola in West Africa, Zika and Ebola 
in the Democratic Republic of Congo. (18) Hopefully, in a study 
which investigates relation between temperature/ humidity 
and doubling time of cases; positive correlation with tem-
perature and inversely with humidity was indicated. Though; 
reduced aggression of SARS-CoV-2 at spring and summer in 
the north hemisphere was suggested. (58) But as it is empha-
sized before, zoonotic character was an evalutionary process 
of coronaviruses and it will also occur in the future. (2) Cur-
rent novel coronavirus outbreak was unpredicted but luckly 
sequence data, clinical manifestations and case rates defined 
and reported immediately. Despite global cooperation, there 
are many issues stays unclear.  But the outcomes enriched 
from this pandemia will contribute to all the countries for fol-
lowing /other viral epidemics in the future.  Conclutions on 
biodefence /biowoepon potentional of SARS-CoV-2 outbreak 
widely discussable on political and some other fields is not 
available to be verified. 
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