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Abstract 

 

COVID- 19 is a highly infectious disease where the first infected case reported in Wuhan city-China, then it was spread 

worldwide. The causative agent belongs to novel enveloped single linear positive-sense stranded RNA Coronavirus, which is 

also called SARS-CoV-2 and has an affinity to lung cells. The genetic analysis of SARS-CoV-2 suggested that this novel strain 

may be developed from the animal. origin by recombination between a bat SARS-like CoV and a coronavirus of unknown origin. 

The ability of the rapid spread of the SARS-CoV-2 virus from person to other is similar or even more than to other human viruses 

like influenza or plague leading to be announced as a pandemic by WHO in 2020. The mortality rate in SARS-CoV-2 increased 

day by day and this led the scientists to search for ways to control the virus. Most of the deaths in aged patients may be due to 

immune response complications where 70% of patients showed lymphopenia. This review provided some details about structure, 

pathogenicity, and immune response against SARS-CoV-2. The facts in this review lead to suggest that in most cases the death 

in SARS-CoV-2 may occur via loss of systemic inflammatory response control which leading to lung injury followed by 

pneumonia, acute respiratory distress syndrome (ARDS), and respiratory failure, hence the death especially in old patients. In 

concluding the early effective control of both innate and adaptive immunity may be a critical key factor in protection against 

SARS-CoV-2. 
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  الخلاصة

 

في جميع أنحاء حالات الصابة  انتشرتشديد العدوى في مدينة ووهان بالصين، ثم ال 19-كوفيد تم الإبلاغ عن أول حالة إصابة بمرض

ارس س الفايروسات التاجية ذات الحمض النووي الريبي الخطي المفرد المغلف والذي سمي فيما بعدالعالم. ينتمي العامل المسبب إلى احد 

أن هذه السلالة الفايروسية الجديدة تنحدرمن  2 والذي له القابلية على استهداف خلايا الرئة. اظهر التحليل الجيني لسارس 2-كوفيد 

التركيب بين الفايروسات التاجية للخفافيش وفايروس تاجي مجهول المصدر. ونتيجة في االحيوانات عن طريق إعادة  تطورالفايرس التاجي

من شخص لآخر والذي يشابه او يفوق بعض الفيروسات البشرية الأخرى مثل الإنفلونزا أو الطاعون  2 للانتشارالسريع لفايروس سارس

وهذا  19-. منذ ذلك الوقت يشهد العالم تزايد الاصابات بـكوفيد 2020وباء من قبل منظمة الصحة العالمية في مطلع عام ك ادى إلى إعلانه
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حث العلماء إلى البحث عن طرق للسيطرة على الفيروس. ويعتقد العلماء ان معظم الوفيات الناتجة عن الاصابة بالفايرس في المرضى 

مستوى اعداد الخلايا للمفية. تقدم المراجعة من المرضى قلة في  ٪ 70المسنين تحدث نتيجة لمضاعفات الاستجابة المناعية حيث أظهر 

تشير الحقائق المعروضة في هذه المراجعة و 2 الحالية بعض التفاصيل حول التركيب و الامراضية والاستجابة المناعية ضد السارسالعلمية 

تهابية الجهازية مما يؤدي إلى إصابة الرئة تحدث كنتيجة لفقدان التحكم في الاستجابة الال 2 الوفاة في السارس فإن حالاتالإلى أنه في معظم 

ان  الىراجعة وخلصت الم ،وفشل الجهاز التنفسي خاصة في المرضى المسنين متبوعة بالالتهاب الرئوي ومتلازمة الضائقة التنفسية الحادة

 .2 السارس سوالسيطرة الفعالة المبكرة على المناعة الفطرية والتكيفية قد يكون العامل الرئيسي الحاسم في الحماية ضد اصابات فاير
 

 

Introduction 

 

On 11 March 2020 the WHO declared that SARS -CoV-

2 is pandemic after increased the number of cases in all 

countries, reaching 118,000 cases with about 4,300 deaths in 

114 countries infected. From this declaration, the cases 

increased dramatically reaching 2,078,605 infected cases 

and 139,515 deaths in 213 countries (1). COVID -19 was 

first diagnosed in our country (Iraq) in Najaf city on 24-

February, then cases increased to 1,415 infections with 79 

deaths and 812 recovered cases until the last update of Iraqi 

health ministry (2). The source of the outbreak was from 

China, in which the first report of the infection in late 2019 

when reported unknown cause of cluster pneumonic cases in 

Wuhan, Hubei. Later in 7/1/2020, a novel coronavirus 

(SARS-CoV-2) was isolated and confirmed as the cause of 

pneumonia (3) and later on WHO named the disease caused 

by SARS-CoV-2 as Coronavirus Disease-19 “COVID-19’’ 

(4). As COVID-19 is a new emergency concern virus, our 

responsibility as scientists and researchers is to understand 

the viral zoonoses in wild or pet animals and their effects on 

the population's health, so this article draws attention to some 

insights of structure and immunological aspects of COVID-

19. 

 

Coronavirus: structure and replication 
 

Coronavirus belongs to the family Coronaviridae in 

Subfamily Orthocoronavirina. And the later has four genera; 

consist of alphacoronavirus, betacoronavirus, 

gammacoronavirus, and delta coronavirus containing several 

viruses that infect animals and humans. These viruses can be 

clustered according to their serological. and genetic 

properties into three main groups. Then the first two groups 

are subdivided into (a and b) as following: Group1a includes 

viruses causing disease in swine, canine and feline, while 

group 1b contains human coronaviruses and bat 

coronaviruses. Group 2a and b include viruses that affect 

mice, rats, bovine, porcine, canine, cat, raccoon, civet, bat, 

and human SARS coronavirus. Group 3 contains avian 

coronavirus. All these viruses can cause pneumonia, 

gastrointestinal. infection, polyserositis, sialodacryoadenitis, 

hepatitis, encephalomyelitis, and nephritis that producing 

severe economic losses in animals and birds. Farther than 

human coronaviruses are known to cause common cold like 

diseases (5-8). There are three strains adopted for human 

infection inclusive human CoV-OC43, HCoV-229E and 

HCoV-OC43 (8), but in last 20 years, human serious 

outbreaks have emerged in 2003 from coronavirus included 

severe acute respiratory syndrome coronavirus SARS-CoV 

(9), and Middle East respiratory syndrome coronavirus 

MERS-CoV (10) and give this virus special importance as 

they jumped species barrier (11). 

All coronaviruses share the same structure which is 

spherical. (80-220 nm) envelope decorated with 20 nm long 

club-shaped large spikes enclosing icosahedral contain 

helical nucleocapsid, which composed of 26 to 32 kilobases 

linear single-stranded RNA positive-sense making them the 

largest non-segmented RNA virus. The envelope of 

coronaviruses contains S, M, and E proteins in addition to 

core N protein which attached to viral RNA allowing the 

package of the genome into nucleocapsid. The S 

homotrimeric spikes protein is a heavily glycosylated protein 

required for entry of the virus into host cells. Viral S spike 

found in two subunits S1 and S2 as a result of S protein 

cleavage by host furin-like proteases during replication. Both 

M and E proteins are responsible for virus shape, and the role 

of E protein in orchestrating assembly of mature viral 

envelope. Also, E protein help in viral release from cells. 

Some betacoronaviruses have hemagglutination spike on 

their surfaces. Infectious RNA encoded both structural and 

nonstructural proteins within the 3′ and 5' ends as well as 

RNA-dependent RNA polymerase (RdRP) in addition to 

important nonstructural proteins of the virus (5,8). 

After virus entry, the viral RNA translation begins from 

the 5′end to produce the RdRP, which is an enzyme utilized 

viral RNA as a template to produce subgenomic mRNAs 

from intermediates subgenomic negative strands. The viral 

protein then synthesized by translating subgenomic mRNAs 

associated with the production of genomic viral RNA 

followed by an assembly of virions from viral genomic with 

structural proteins and budding using smooth endoplasmic 

reticulum Golgi intermediate compartment pathway (5,8).  

 

Some aspects of COVID-19 Virus pathogenicity 

 

SARS-CoV-2 is a new strain so all ages (newborn to old) 

are susceptible to infection. SARS-CoV-2 has killed people 

more than closely related viruses SARS-CoV and MERS-

CoV virus together (4), which reach 6.7 % (case fatality) in 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
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last known cases. The main weapon of the virus is its ability 

to spread from person to person (12). The main route of 

transmission is the inhalation of a droplet containing the 

virus following coughing, sneezing of the sick person also 

close contact with any contaminated surfaces from an 

infected person, this allows the virus to reach the lung via 

nose or mouth (12,13). Researches revealed that SARS-

CoV-2 may remain in the air at least for hours (14). Also, the 

SARS-CoV-2 virus was detected in the feces of infected 

persons, so the fecal-oral route may also be considered 

(13,15). According to Lu et al. (16), the ocular route should 

not be ignored, saliva, also pays attention to the dentist as a 

source of infection (17). The asymptomatic carriers facilitate 

the spread of infection between individuals (18), similar 

reports came from Germany showed that the virus clustered 

in family, who returned from Wuhan with asymptomatic 

young boy positive to SARS-COV-2 (19).  

The rapid spreading of the virus indicates that mutation 

occurs in its nucleic acid, which facilitates faster spread. 

Mutation in RNA viruses occurs in six magnitude rates 

leading to 2-3 novel viruses every year (20). Homologous or 

heterologous “non-coronaviral” RNA recombination may 

occur and result in new serotypes or biotypes or acquired 

novel genes, for example, SARS-CoV has appeared through 

recombination of bats SARS-related coronaviruses (SARSr-

CoVs). In the case of SARS-CoV-2 epidemiological 

investigations suggested that the first patient was gained the 

virus from wild animals at the Huanan seafood wholesale 

market /China, where different species of wild and domestic 

animals are sold in these traditional. places included dead 

and live animals, blood, and body fluids of an animal that act 

as a source for infectious diseases and aid to produce virus 

jump species barriers (11).  

The genetic studies revealed that COVID-19 is 

genetically 79%, 50%, and 88% close symmetry to SARS-

CoV, MERS-CoV and two bat SARSr-CoV respectively 

(8,21), this led to propose that SARS-CoV-2 may be 

originated from recombination between a bat SARS-like 

CoV and a coronavirus of unknown origin (11), but some 

researchers believed that pangolins were SARS CoV 2 

intermediate host (22,23) in which mutations and natural. 

selection caused acceptation of the new receptor-binding 

domain (RBD) functional. site (24). This mutation made 

COVID-19 S protein to has a higher attraction to 

angiotensin-converting enzyme 2 ACE2 similar to SARS-

CoV (8). The spike S protein recognizes the receptors on the 

cell surface of mammals (11). The S spike protein of 

COVID-19 has a further furin-analogous protease cleavage 

location (RRAR↓SV) which is N-terminus into the S1/S2 

location (AYT↓M) while it is missing in SARS-Co with else 

furin-like protease fission S2′ location (KR↓SF) which is 

conforming to that in SARS-CoV (25). Also, according to 

another study, various SARS-CoV RBD-specific 

monoclonal. antibodies do not link to SARS-CoV-2 S 

protein (26). 

The present question, why SARS-CoV-2 killed people 

more than SARS-CoV? This may be partly because SARS-

CoV-2 was spread more rapidly than SARS-CoV as well as 

the asymptomatic spreader of virus especially children and 

teenagers (19,27). Genomic analysis of SARS-CoV-2 from 

infected persons showed difference by less than 0.1 percent 

which may indicate that the virus detected rapidly after its 

emergence (21). Genetic analyses of ARS-CoV-2 genomes 

show two major types L and S, the L type is more prevalent 

than the S type, although L type decreased by Human 

intervention that put severe selective pressure on the L type, 

which possibly aggressive and more quickly spread, instead 

to evolutionarily older less aggressive S type which may 

continuously spread to more individuals under weaker 

selective pressure (24), as the virus was continuous 

spreading excessive mutations might emerge which may 

construct a highly virulent virus, so the monitoring ought to 

be indispensable (8). 

 

Immunological. aspects in SARS-CoV-2 

 

As a novel virus, protective immunity was not developed 

against it yet (4). The virus has a similar genome to SARS-

CoV and this must take in mind when discussing 

immunological. aspects as both viruses have the same 

receptor binding domain (RBD) site as angiotensin-

converting enzyme 2 and have a long incubation period of 

about 14 days (28).  

The infected person shows cytokine storm which is 

characterized with a high level of cytokines G-CSF, MIP-

1A, MCP-1, IP-10, IL-2, IL-7, IL-10, and TNFα mediated 

the pro-inflammatory especially in advance cases associated 

with lymphopenia and pneumonia (29), this leads to injury 

of the lung as a response to the inflammatory process and 

causes acute pneumonitis, respiratory failure, shock and 

death due to multiple organ failure (28). Innate immunity 

was important in the early response to viral infection and 

regulation of cellular immunity to viral infection. The innate 

immunity depends on the recognition of molecules called 

pathogen-associated molecular patterns (PAMPs) in virus by 

its pattern resonation receptors PRRs called Toll-like 

receptor (TLR) found in a variety of cells including lung cell 

(30). TLR especially TLR3 is specific for double-strand 

RNA and TLR7, TLR8 for single-strand RNA found in the 

endosome. Cytoplasm receptor as melanoma discrimination-

association gene 5 (MDA5) and retinoic-acid-inducible gene 

RIG-I could be activated downstream signaling either by 

Myeloid differentiation primary response 88 or through 

mitochondrial. antiviral. signaling protein. All pathways lead 

to the production of interferon type 1 and inflammatory 

interleukin 1 and 12 and tumor necrosis factor TNF which 

was important to induce antiviral effect (6,7,31). The most 
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important factor in innate immunity is interferon production 

because it affects different cells after producing endocrinal, 

exocrinal, or autocrinal effect by binding to interferon 

receptor (IFNAR) on the cell surface and activation Janus 

kinase JAK/ signal transduction and activator transcription 

STAT pathway and tyrosine Kinase TYK2 that 

phosphorylate STAT and causes its complex formation with 

IFN regulatory factor 9 (IRF9) results in activation of IFN 

stimulated response gene and up-regulation control 

expression of interleukin stimulation gene and releases of 

IFN-1 which prevents viral. maturation and replication and 

mediated of degraded RNA of the virus. This was enough to 

stop virus dissemination in the early stage of the disease 

(6,7,28,31). Interferons have a crucial role in defense against 

coronavirus diseases. The IFN production could be 

suppressed by coronaviruses either by stopping signaling 

through STATS1 phosphorylation decreases or by evasion 

via generation replicated double-membrane vesicles lack 

RPPs or destruction of cytoplasmic sensor causing dsRNA 

not discover by host or inhibition transcription factor IRF3. 

All these strategies were found in the SARS CoV and MERS 

CoV by its structural or nonstructural proteins and may be 

used by the novel COVID-19 virus (Figure 1) (28,31). The 

suppression of innate immune responses by respiratory 

viruses is a strategy for efficient virus replication and 

initiation. In this situation host’s immune response is 

incomplete, delayed or absent, a strong response (after the 

delay) may cause tissue damage, so down-regulation of IFN 

signaling provided sufficiently strong and prevent explosive 

innate immune responses and protect from the immunopathy 

(30). Also, the RPPS cannot produce signals unlit virus 

internalization in endosomes or after cells lysis and released 

viral component (5-7). The production IFN and chemotactic 

agent mediate immune responses against the virus can lead 

to regulate the depositions of leukocytes in the lungs, which 

leads to severe immune responses or immune insufficiency 

that allows the virus to increase its replication and cause 

tissue damages by chaining in chemotactic agent relapsed 

(32). In many cases of SARS-CoV 2 infection occurs firstly 

as an asymptomatic carrier and may cause dysregulation of 

IFN1 production and infiltration of neutrophils and 

monocytes into the lung and increase of this cell infiltration 

associated with proinflammatory cytokine influx as result 

from active SARS-CoV 2 replication, lately leading to losing 

control of innate immunity and produced massive 

destruction in lung tissue (28).  

Most cases of death in SARS-CoV-2 were due to loss of 

systemic inflammatory response control as a result of the 

production of cytokine storm that manifested by pro-

inflammatory cytokines and chemokines accumulation in 

large amounts which lead the body to be attacked by the 

immune system, hence leading to lung injury followed by 

pneumonitis and acute respiratory distress syndrome 

(ARDS) and respiratory failure, then death (28,33). The 

fatality rates of young infected with SARS- CoV-2 infection 

were zero and can be explained by the distinct innate immune 

responses (IFN) in young than the old persons. In young, 

innate immune responses were strong and effective and may 

cause early interferon’s production and associated with 

incomplete immune system development in the young. A 

critical. correlation between the innate immune response and 

the death rates in adults may explain by loss of control and 

increase interferon-mediated immune responses (34).  

 

 
 

Figure 1: Possible immune escape mechanisms participate 

by SARS-CoV, MERS-CoV, and SARS-CoV-2. 

Coronaviruses overlap for numerous steps through primary 

innate immune response, inclusive RNA sensing (1,2), 

signaling passageway of type I IFN output (3), STAT1/2 

stimulation toward of IFN/IFNAR (4) as shown by 

oppressive marks, which belated or inhibit type I IFN 

responses that affect onto adaptive immune activation. 

protracted viral. continuance worsens inflammatory 

responses which might procure immune limpness and 

immune repression as a feedback regulatory mechanism. 

Biased Th2 type response also tends to poor consequences of 

the disease (28). 

 

Bao et al. (35) suggested the patient that firstly infected 

with SARS-CoV-2 will not be infected again. This may be 

due to the development of solid immunity to virus infection. 

There is evidence that convalescence patients produce both 

specific humoral and cellular immune response after 2 weeks 

of recovery, and will show elevated IgG antibodies titers 

with an efficient cellular immunity although the cytotoxic T 

cells remained in low count numbers (36). In general, 

immune responses mediated by T cells is required to control 

of virus infection by the aid of antigen-presenting cells 

(APC) and cytokines, cytotoxic T cells kill cells infected 

virus and T helper cells regulated overall response also 

activation of B cells were important to produce antibodies 

against viral infection (6,7,28). 70% of SARS-CoV-2 

showed lymphopenia (15). Also, in severe cases, CD4+ and 
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CD8+T lymphocytes were mainly decreased (37,38). The 

CD4+, CD8+ T cells, and B cells are essential for viral 

clearance in different disease stages, and restoration of 

leuko-monocytes counts in peripheral blood provides a good 

prognosis for COVID-19 infection (39).  

The innate immune responses are required to control the 

disease by producing IFN in the early stages of infection 

which provide communication between immune cells and 

produce natural killer (NK) cells and stimulation of 

macrophages; so, interferon provides crucial role against 

coronavirus infection (34). Lymphocyte sequestration during 

viral infection is responsible for peripheral blood 

lymphocytopenia and increased number in the last stage 

comes from moving of lymphocyte between tissues or 

organs and peripheral blood (40,41). It was hypothesized that 

the SARS-CoV-2 virus passes mucous membranes and 

enters the lungs via the respiratory tract and causes viremia 

when spreading from lung to peripheral blood and attack the 

lungs, heart, kidney, and gastrointestinal tract, which express 

Angiotensin-converting enzyme 2 (ACE2). After 8 days the 

symptoms of Acute respiratory distress syndrome (ARDS) 

will appear (40,42).  

The attack of the virus causes severe illness in the patient 

during 7 to 14 days post-infection, in the early stage of the 

disease the peripheral white blood cells count was not 

affected strongly followed by lymphopenia (40), T 

lymphocytes will respond to the pathogen, differentiation of 

T helper (Th) to Th 1 cells and this will generate GM-CSF 

and other cytokines that activate and stimulate the 

production of CD4+, CD8+, and monocytes and releases a 

huge amount of IL6, which facilitate more lung 

inflammatory cells infiltration and monocytes that migrate to 

the lung and developed into macrophage or monocyte-

derived dendritic cells. These cells will produce a high level 

of IL6 and GM-SCF and increased plasma concentrations of 

pro-inflammation cytokines as interleukins IL2, IL7, and 

IL10, monocyte chemoattractant protein1 (MCP1), 

interferon-inducible protein 10 (IP10), macrophage 

inflammatory protein 1 alpha (MIP1A) and tumor necrosis 

factor α (TNF α). Accumulation of these chemicals results in 

an inflammatory storm due to cytokine/chemokine 

dysregulated responses after higher virus titers appear and 

lead to lung immunopathy (43). Chen et al. (44) and Diao et 

al. (45) reported that CD4+T, CD8+ T cells, and B cells were 

reduced in SARS-CoV-2. However, both Zheng et al. (46) 

and Zheng et al. (47) showed that blood peripheral 

leukocytes were normal. levels and no differences in the 

plasma concentration levels of IL-6 and TNF-a and there 

were differentially expressed functional molecules as IFN- 

gamma and TNF-α in CD4+ T cells lower in the severe 

group, while perforins and granzyme B levels in CD8+T 

cells were higher in the severe group than in the mild group. 

Similar to this response was noticed in some chronic 

infections that will damage the function of CD4+ T cells and 

produced excessive activation and exhaustion of CD8+ T 

cells. In severe patients, exhaustion of CD8+ T cells and NK 

cells reduce the cellular immune response to SARS-CoV-2 

and impair antiviral immunity at an early stage (46-47). 

 

Conclusions 

 

COVID -19 is a disease of global attention. The mortality 

due to COVID -19 may be explained by the early loss of 

control on the innate immune system. The key to protecting 

from infection with COVID -19 may be through an early 

controlling response of both innate and adaptive immunity. 

The main factor in the prevalence and death rate was patient 

ages. Race for vaccine production to control of Covide-19 

pandemic that began, but there are experiments until now for 

the treatment of infection by Hydroxychloroquine 

/azithromycin or Lipopolysaccharide or using passive 

immunity. 
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