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Abstract

Many coronaviruses (CoVs) causing a variety of pathological disease in animals and maintained their cycle in nature and causing

zoonotic infections, allowing them for genetic recombination, resulting in novel viruses. Seven CoVs have been isolated from the

infected humans; causing mild to severe disease in humans, newly emerged from a zoonotic source that are 229E, OC43, HKU1, NL63,
Severe Acute Respiratory Syndrome-(SARS-CoV), Middle East respiratory syndrome (MERS-CoV) and Novel CoV in 2019 (nCoV-

19). SARS-CoVs have been isolated during 2002 - 2003 outbreak in China. MERS-CoV was responsible of an outbreak in Middle
East during 2012-2015 resulted by the genetic recombination in camels and transmitted to humans. nCoV-19 is responsible for

an ongoing outbreak of severe respiratory disease which was first reported from china in December 2019 and their genome is
significantly different from SARS-CoV to be considered a new human-infecting β-CoV which might be using their spike protein to bind
to the angiotensin-converting enzyme 2 receptor (ACE2R) expressed on alveolar epithelial type II cells using it for their replication.

ACE2R is also found in many extrapulmonary tissues like kidney, heart, endothelium, and luminal surface of intestinal epithelial
cells which enforced to focused for fecal-oral transmission and containment of viral spread and multi-organ dysfunction in patients.

ACE2R regulates both the cross-species and human-to-human transmissions and also suggesting that bats might be the original host

of nCoV-19. CoVs transmitting predominantly during the winter season in temperate-climate countries. CoVs can be diagnosed by
serological tests, cultured by cell culture techniques and Nucleic acid amplification tests, and gene sequencing for the confirmatory
tests. Currently, there is no vaccination to prevent the patients by nCoV-19. Only prevention is the best way to avoid being exposed

to this virus. Favilavir, Chloroquine and Remdesivir drugs are under trials. nCoV-19 might be neutralized by providing high dose of
soluble form of ACE2 and might recover cellular ACE2 activity by negative feed back system of renin angiotensin and protect the lung

injury. Protein S1 domain of Spike-subunit based vaccine produced by Cell lines method, Inhibitor of transmembrane protease serine
2 to inhibit entry and viral spread can be try to curb this virus.
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Syndrome

Introduction
Human coronaviruses (HCoVs) were first described in the

1960s for patients with the common cold [1]. Coronaviruses are
enveloped RNA viruses that are causing infection in respiratory

tract and can cause enteric, hepatic, and neurologic diseases [2,3].
HCoV-HKU1, OC43, NL63 and 229E viruses are prevalent and

typically cause common cold symptoms in immunocompromised
individuals like older age or AIDS patients [4] and Middle East

respiratory syndrome coronavirus (MERS-CoV) and severe acute
respiratory syndrome coronavirus (SARS-CoV) are zoonotic in ori-

gin which have been causing infection in humans [5]. In 2002 and
2003 SARS-CoV disease emerged in Guangdong Province of China.
The following year one of the doctors who had been treating pa-

tients travelled to Hong Kong, where he became ill and died. Subsequently, people who had stayed in the same hotel as the doctor
travelled to Singapore, Vietnam, Canada and the US, taking the in-

fectious agent with them. The epidemic of severe acute respiratory
syndrome (SARS) was under way [6-8].

No natural reservoir for the SARS-CoV has been found, but with

very similar genome sequences were isolated from animals sold in
markets in the region of China where the first SARS-CoV cases ap-

peared. Antibodies to these viruses were found in many workers in
the markets, but none of the workers had any history of SARS-CoV.

A similar virus has also been isolated from several bat species. It

is likely that coronaviruses have repeatedly crossed into humans
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from other mammalian species, but in the majority of cases the vi-

CoV from bats collected from southwestern China formed another

virus that had this ability [9].

90% between nCoV-19 and other members of β-CoV. nCoV-19 was

rus has lacked the ability for efficient human-to-human transmission. It would seem that the SARS coronavirus evolved from a rare

Coronaviruses are classified into four genera based on phylog-

eny: β-CoV (group 1),β-CoV (group 2), β-CoV (group 3) and β-CoV
(group 4). A, B, C and D Lineages were documented in β-CoV genus.
Lineage A viruses of β-CoV also encode a smaller protein called

hemagglutinin esterase which is similar to the S protein in function [10].

SARS-CoV (β-CoV- lineage-B)
Patients infected with SARS-CoV initially present with fever,

myalgia, headache, malaise, and chills, followed by a dry cough,

dyspnea and respiratory distress generally 5 - 7 days later, which
may cause patient death [11]. Other notable features in some

cases include infection of the gastrointestinal tract, liver, kidney

clade within the subgenus sarbecovirus. Since the identification of
sequence in conserved replicase domains (ORF 1ab) is less than

infected viral pneumonia in Wuhan patients and named “novel
coronavirus-infected pneumonia [14].

Mutation and genetic recombination in coronaviruses
CoVs have the largest RNA genomes described to date with some

reaching almost 30,000 nt. The single, linear, positive sense, ssRNA

molecule has a 5′ cap and a 3′ poly A tail. All CoVs share similarities in the organization and expression of their genome, in which
16 nonstructural proteins (nsp1 through nsp16), encoded by open

reading frame (ORF) 1a/b at the 5’ end and on the other hand the
structural proteins spike (S), envelope (E), membrane (M), and nucleocapsid (N), are encoded by other ORFs at the 3’ end [15].

The virus using their spike protein receptor-binding to its host

and brain. Innate immune defenses in the lung include epithelial

receptor angiotensin-converting enzyme 2 which regulate both the

mucus removal; Tissue destruction and respiratory infections in

genome RNA to produce the virus RNA dependent RNA polymerase

barrier, mucociliary clearance, antimicrobial peptides, comple-

ment components and surfactants; reduces cilia, thus impacting
the lungs of patients with SARS-CoV and critical in mounting ade-

quate host immune responses and constitutively activates alveolar

macrophages, monocytes, mast cells, natural killer, dendritic cells,
neutrophils and CD8+ T cells are the immune cells considered the

prime effector cells which involve in the immunological changes in
SARS-CoV infection of the lung [12]. Phagocytes control infection
and accelerate the resolution of infection associated inflammation.

During an inflammatory response, alveolar macrophages phagocy-

tose infiltrated neutrophils to control infection [13]. Lymphopenia,
hemophagocytosis in the lung, in addition to white-pulp atrophy
of the spleen observed in SARS patients, are similar to fatal H5N1

influenza virus infections [11]. Diarrhea is observed in approximately 30 - 40% of SARS infections.
A novel coronavirus (nCoV-19)

China in December 2019, the new coronavirus has rapidly

spread in Wuhan, China and spread to the entire China and some
neighboring countries named novel Coronavirus-2019 which

is the seventh member of the family of Coronaviridae that infect
humans. Which belongs to subgenus sarbecovirus, subfamily-

Orthocoronavirinae and differs from both MERS-CoV and SARSCoV. More than 85% of the genome of nCoV-19 was matched with

a bat SARS-like CoV (bat-SL-CoVZC45, MG772933.1) from genus

β-CoV- lineage-B. Although nCoV-19 was similar to some β-CoV
detected in bats in china, it was distinct from SARS-CoV and MERS-

CoV [14]. The three nCoV-19 from Wuhan, together with two bat-

derived SARS-like strains, ZC45 and ZXC21, form a distinct clade.

SARS-CoV strains from humans and genetically similar SARS-like

cross-species and human-to-human transmissions after getting

entry into the host cell, virus uncoating is translation of the virus

enzyme in the host cytoplasm. With the help of this enzyme and

by using the plus-strand as template, Virus make double-stranded
RNA then transcribes positive sense RNA from a negative sense
RNA template in an RI replication complex [15].

The first event of translation directs the synthesis of two pro-

teins from the genome RNA. The smallest, the 1a protein, is trans-

lated from the first ORF which represents only a small proportion
of the molecule. A second, larger, protein is also produced, though
in smaller amounts, and this is thought to contain the enzymatic

component of the polymerase. The way in which the two proteins

function together is not known. Nucleotide sequence analysis
identified an ORF near the 5′ end of the genome RNA capable of

synthesizing the 1a protein but no ORF long enough to encode the
larger protein, called the 1b ORF, lacking an AUG initiation codon
and overlapping with the 3′end of the 1a ORF is present. The 1b
ORF is in the -1 reading frame with respect to the 1a ORF. The large

protein is generated by a proportion of ribosomes which initiate
translation in the 1a ORF switching reading frames in the region of

the overlap of the 1a and 1b ORFs while continuing uninterrupted
protein synthesis to generate a fusion 1a-1b protein [15].

A similar event occurs in the synthesis of certain Retroviruses

gag-pol fusion proteins. The amount of the fusion protein pro-

duced is determined by the frequency of the frameshifting event.
The frameshifting event in CoV is determined by the presence of
two structural features in the genomic RNA. The first is a “slippery”

sequence in the region of overlap between the ORFs at which the
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called a pseudoknot in which the RNA is folded into a tight confor-
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nCoV-19 spread mainly from person-to-person through respira-

mation. These two features combine to effect the frameshift [15].

tory droplets when an infected person coughs or sneezes or close

substitutions per year per site [16]. For SARS-CoV, the mutation

and inhaled into the lungs. The envelope spike (S) protein medi-

The mutation rates are moderate to high in CoV as compared to

other ssRNA-viruses, and the average substitution rate was ~10-4
rate in the whole genome was estimated to be 0.80 - 2.38 X 1-3

nucleotide substitutions/site/year, and the non-synonymous and

contacts with the infected person and the infected air droplets

can reach into the oral cavity/nasal cavity of uninfected person

ates receptor binding and membrane fusion [20] and is crucial for
determining host tropism and transmission capacity [21,22]. The

synonymous substitution rates were estimated to be 1.16 - 3.30 X

spike protein of CoVs is functionally divided into the S1 domain

nant history with lineages of β-CoV & β-CoV [18]. The studies on

enzyme 2 receptor (ACE2) to enter in to the host cell [23]. 80% of

10-3 and 1.67 - 4.67 X 10-3/site/year, respectively, which was simi-

lar to other RNA viruses [17]. SARS-CoV has a probable recombi-

the sequence of the SARS-CoV TOR2 strain showed many smaller
and specific recombinant regions have been acknowledged in the
RNA-dependent RNA polymerase (nsp12 gene) at the following lo-

cations: nucleotides 13 392-13 610, 15 259-15 342, 15 974-16 108
and also in nsp9 and most of nsp10 gene located at 12 613-13 344,
and parts of nsp14 (18 117-18 980) [18]. Another study analyzing the genome of the SARS-CoV CV7 strain had shown that seven

putative recombination locations were found between SARS-CoV
and six other CoVs: PEDV, TGEV, BCV, 229E, MHV and IBV. This fur-

ther suggests that SARS-CoV emerged via serial horizontal transmission and by genetic recombination, enhancing the adaptation
process to its human host [19] (Figure 1).

responsible for receptor binding, and the S2 domain, responsible

for cell membrane fusion and CoVs using angiotensin converting

alveolar epithelial type II cells expressed ACE2 and act as a reser-

voir for viral invasion and providing viral replication site. ACE2R is
also found in many extrapulmonary tissues like kidney, heart, en-

dothelium, and luminal surface of intestinal epithelial cells which

enforced to focused for fecal-oral transmission and containment of
viral spread and multi-organ dysfunction in patients [24-27]. ACE2

regulate both the cross-species and human-to-human transmissions. The receptor-binding domain of nCoV-19 fell within lineage
B and was closer to that of SARS-CoV [28].

Laboratory diagnosis of nCoV-19

Quick collection and rapid examination of appropriate speci-

mens from patients who are suspect of nCoV-19 is a priority for
clinical management and prevention of outbreak and should be

directed by a laboratory experts. Suspect cases must be screened
for nCoV-19 with nucleic acid amplification tests (NAAT), such as
RT-PCR.

As co-infections can occur, all nCoV-19 suspect patients should

be tested for nCoV-19 virus regardless of whether another respiratory pathogen is found [29,30].

Specimen collection
All specimens obtained for laboratory investigations should be

handled as potentially infectious. Specimen examination for molecular testing would require biosafety level 2 or equivalent facilities,

whereas viral culture requires biosafety level 3 facilities at minimum.

Specimens: Respiratory material should be collected: from up-

per respiratory tract: nasopharyngeal and oropharyngeal swab or
wash in patients with mild or moderate disease, and in who has
Figure 1: Genetic recombination indicated by colored

regions at the genomic sites coronaviruses of zoonotic
origin. Recombination shown by broken lines [1].

contact with a nCoV-19 case and/or from lower respiratory tract:
sputum (if produced) and/or endotracheal aspirate, or bronchoal-

veolar lavage in severe cases. Additional clinical specimens may
be collected since nCoV-19 virus has been isolated from blood and
stool, as had the coronaviruses responsible for SARS and MERS
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[31,32]. Paired samples of serum are necessary for confirmation
when serology test is validated and available with the first sample

collected during the first week of illness and ideally the second
sample collected 2 - 4 weeks later.

Shipment and Storage: Specimens for virus detection should

reach the laboratory as soon as possible. Specimens that can be
delivered promptly to the laboratory can be saved and shipped at 2

- 8°C. When specimens are likely to be delayed reaching the laboratory, the use of viral transport medium is strongly recommended.
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Serological surveys can aid investigation of an ongoing out-

break and retrospective assessment of the attack rate or extent of

an outbreak. In cases where NAAT assays are negative and there is
a strong epidemiological link to nCoV-19 infection, paired serum
samples (in the acute and convalescent phase) could support diagnosis once validated serology tests are available.
Viral culture

nCoV-19 can be culture Human airway epithelial cell cultures

and incubated at 37°C with 5% CO2 and generated in an air-liquid

Specimens may be frozen to - 20°C or ideally -70°C and shipped on

interface for 4 to 6 weeks to form well-differentiated, polarized cul-

Laboratory testing
Nucleic acid amplification tests (NAAT)

cytopathic effects, and with RT-PCR, for the presence of viral nucle-

dry ice if further delays are expected. Repeated freezing and thawing of specimens should be avoided [31,32].

Routine confirmation of cases of nCoV-19 is based on examination

of virus RNA to detect a unique sequences by NAAT, such as realtime reverse transcription polymerase chain reaction (rRT-PCR)

with confirmation by nucleic acid sequencing when necessary. The
viral genes targeted include the open reading frame 1A, 1B genes
or nucleocapsid (N) gene [33,34].

Each NAAT run should include both external and internal con-

tures resembling in vivo pseudostratified mucociliary epithelium

[38]. The cells should be monitored daily with light microscopy, for

ic acid in the supernatant. And can also demonstrated by electron
microscopy [38].

For safety reasons, specimens from a suspect or documented

nCoV-19 patient should not be submitted for viral culture as a routine diagnostic procedure.

Epidemiology of coronavirus
SARS-CoV outbreak
In November 2002, unusual cases of “atypical pneumonia” of

trols, in addition to follow quality assurance procedures. When all

unknown cause occurred in Foshan City, Guangdong province, in

nCoV-19. One or more negative results don’t rule out the possibil-

doctor who had looked after cases of atypical pneumonia in main-

controls have the expected performance and the result is positive,

a specimen is considered positive and confirms the diagnosis of
ity of nCOV-19 virus infection. Many factors could lead to a negative result in an infected individual, including:
•

•
•
•

Poor quality of the specimen, containing little patient ma-

terial (as a control, consider determining whether there is
adequate human DNA in the sample by including a human
target in the PCR testing).

The specimen was collected at a late or very early stage of
the infection.

The specimen was not properly handled and shipped.

Technical causes inherent in the test, such as virus mutation or PCR inhibition.

If a negative result is obtained from a patient with a high sus-

picion for nCoV-19 virus infection, particularly when only upper

respiratory tract specimens were collected, additional specimens,
including from the lower respiratory tract if possible, should be
collected and tested [35].
Serological testing

Commercial and noncommercial serological tests are currently

under development. Some studies with nCOV-19 serological data
on clinical samples have been published [36,37].

China, where many health care workers became infected [39]. The

infection was transferred to Hong Kong on 21 February, 2003, by a
land China, which lead to subsequent outbreaks of severe pneumonia, and labeled by WHO as “severe acute respiratory syndrome” on
15 March, 2003 [40].

Many months have passed and many hundred cases of SARS

were observed before SARS-CoV was identified the chains of human to human transmission which occurred in Toronto in Canada,

Hong Kong, Singapore, Chinese Taipei, and Hanoi, Viet Nam. The
studies has found that a strain of the coronavirus usually only found
mutated in small mammals, allowing it to infect humans [41].

Following a strategy of isolating suspect people and screening

all travelers by air from affected countries for signs of the infection,
WHO declared the end of the SARS epidemic in July 2003. A total of

8276 SARS cases (which included 775 deaths) were reported from
37 countries and regions [40,42].

This means the virus killed about 1 in 10 people who were in-

fected. People over 65 years old were have high risk, about half of
those who died from the SARS were belong to this age group. There

were 4 occasions since July 2003, when SARS has reappeared, three
of these were due to laboratory biosafety breaches in Singapore,
Beijing, and Taipei, where seven cases were linked to one chain

of transmission and with hospital spread. The fourth episode in
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Guangdong province, China, was due to four separated community

been recovered worldwide. 81218 (19.2%) of them in China and

no further community transmission [43].

pandemic by WHO (Figure 2) [52].

acquired cases from December 2003 to January 2004. Three cases
had been exposed to environmental or animals sources. There was
MERS-CoV outbreak

3281death in china, nCoV-19 is affecting 196 countries, area or
territories around the world and the outbreak have been declared

The first report of MERS-CoV was in September 2012 when a

novel bCoV was isolated from a male patient who had died in June
2012 of severe pneumonia and multiorgan failure in Saudi Arabia

[44]. Later retrospective analyses recognized that the first cases

of the outbreak involving thirteen individuals in Jordan, during
March/April 2012 [45]. Since then MERS cases have been identi-

fied in many parts of the world: Arabian peninsula, Asia, Africa,
Europe and North America (USA). MERS cases identified from out-

side the Middle East always have a history of recent travel from

Figure 2: Countries, territories or areas with reported

Arabian Peninsula or there were a close contact with a primary
case.

based on recent study showed that the epidemic MERS-CoV oc-

confirmed cases of nCOV-19, 25 March 2020..

Outside China, Italy nCoV-19 cases reached 69176 on 25 March,

curs due to recombination of genetic material between the differ-

death toll reached 6820 and 8326 cases were recovered, making

however, lineage-5 became dominant within the camel population

of the high number of coronavirus infection cases in Italy. in USA

ent lineages in dromedary camels in Saudi Arabia [46]. CoVs Lin-

eages-3-and-5 were predominant during July and December 2014;
by 2015 and also found associated in the outbreak of South Korea

in 2015. A recent study showed a recombinant CoV between lineages 3-and-4, or groups 3 and 5 of clade B in human infection at

Riyadh city [46,47]. A total of 2502 laboratory-confirmed cases of

MERS-CoV, were reported globally at the end of December 2019,
which linked to 861 deaths (mortality rate: 34.4%); most of these

cases were identified in Saudi Arabia (2106 cases, including 783
deaths with a mortality rate of 37.2%) [48].

The 50 - 59 year-old age group is the highest risk of getting a

primary case infection. The 30 - 39 year-old age group has most

risk to get secondary cases. The mortality is higher within the 50
- 59 year-old age group when they are primary cases, and among
70 - 79 year-olds age group when they are secondary cases [48].

Studies have confirmed a high seropositivity rate in camels in

Italy the biggest coronavirus outbreak outside Asia after china. It is
thought that the expanding air travel with China is the main cause
54916 positive cases and 784 deaths were found. Germany cases

were 32991along with 159 deaths. In Spain 42058 cases with 2991
deaths.

A total of 13 countries in the Middle East currently have coro-

navirus, Iran has the highest number of coronavirus cases (24811
cases), followed by Qatar (526), Bahrain (292 cases), Kuwait (191
cases), Saudi Arabia (767 confirmed cases, 1 deaths), and in Turkey
(1872 confirmed cases, 44 deaths) [52].

Iran has reported about 1934 deaths, which is among the high-

est cases outside China, after Italy and Spain and the first deaths
in the Middle East. Other Middle East countries face the threat of
coronavirus transmission from Iran.

Iraq is the neighbor of Iran has 316 confirmed cases on 25

the Arabian Peninsula, and also showed seronegative results of in-

March, the first nCoV-19 infection was determined on 24 February

nCoV-19 outbreak

closed the borders with Iran to protect their citizens form nCoV-19.

fection for goats, cows or, sheep [49,50].

The regional office of World Health Organization (WHO) in Bei-

jing had received in December 31, a notification of a number of
patients have unknown cause pneumonia from Wuhan. By January

7, 2020, Chinese scientists had isolated a novel coronavirus (CoV)
from patients in Wuhan [51].

As of March 25, 2020, 423692 cases of nCoV-19 have been con-

firmed, out of this 18922 (15%) deaths and 109172 (85%) have

in an Iranian student in Najaf city. The most cases that confirmed in

Iraq of a families who recently returned from Iran. So, Iraq has been
Increasing numbers of cases have also been reported in other

countries across all continents except Antarctica, Republic of Korea

(9137 confirmed cases, 126 deaths), Japan (1193 confirmed cases,
285 deaths), Thailand (934 confirmed cases, 4 death), India (562
confirmed cases, 10 deaths), Pakistan (1000 confirmed cases, 30

deaths), Canada (2792 confirmed cases, 26 deaths), Brazil (2247

confirmed cases, 46 deaths), according to WHO on March 25, 2020
[52].
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According to that the crude mortality ratio (the number of re-

ported deaths divided by the reported cases) is between 15 - 16%
(Figure 2).

Initial data indicates that children are less affected than adults.

The median age of patients is between 49 and 56 years [53,54].
Cases in children have been rare. Although most cases tend to be
mild, whereas the older age and underlying conditions increase the

risk for severe infection. Moreover, preliminary studies in China
about household transmission suggest that adults are not infected

from children. According to analytical study in Shenzhen China,

most cases of nCOV-19 were mild (26%) or moderate (65%); and
only (9%) were severe [55].

It is suggested that the source of nCOV-19 is likely to be zoo-

notic according to the large number of nCOV19 confirmed cases

who were exposed to the animal market in Wuhan City. The trans-
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20%. There is no vaccination to prevent the patients by nCoV-19.

Only prevention is the best way to avoid being exposed to this virus
therefore WHO declared all countries to lockdown in this pandemic caused by nCoV-19. People should use medical mask, maintain

physical distance, and maintain hand hygiene. A patho Detect kit
manufactured by mylab’s India are available to screen nCoV-19, can

provide results in two and half hours. Favilavir, Chloroquine and

Remdesivir drugs are under trials. nCoV-19 might be neutralized
by providing high dose of soluble form of ACE2 and might recover

cellular ACE2 activity by negative feed back system of renin an-

giotensin and protect the lung injury. Protein S1 domain of Spikesubunit based vaccine produced by Cell lines method, Inhibitor of

transmembrane protease serine 2 to inhibit entry and viral spread
can be try to curb this virus.
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