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Abstract

Covid-19 infection is highly transmissible with high degree of hospitalization and few level of lethality which has raised
great concerns globally. Covid-19 is acquired through exposure to microdroplets present in exhalates of individuals already
infected or by surface contact with contaminated formites with the viral particle and once the viral particle reaches the
bronchioles and alveolar spaces; it binds to cells of the bronchial epithelium and Angiotensin 2 Converting Enzyme (ACE2)
of the alveolar. An immense understanding of the interaction between Covid-19 infection and the host immune system could
be the breakpoint needed to provide better management, treatment and support for the disease sufferers. Therefore, review
of current knowledge between Covid-19 infection and the host innate immune system is important in order to sufficiently
understand its pathogenesis and further give clues for the clinical management and development of preventive therapeutic
strategies in treating this infection.
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Introduction

The infection was named COVID-19 and the virus as
SARS-CoV-2 by WHO on February 11, 2020 [1]. SARS-CoV-2
is of the family Coronaviridae [2], with a large number of
species which infects various wild animals and some also
affects human beings [3,4,5]. Majority of COVID-19 cases
(about 80%) are asymptomatic or exhibits about 20-30%
of mild common cold-type to moderate symptoms, but
approximately the 15% progresses to severe pneumonia
and about 5% eventually develops acute respiratory distress
syndrome (ARDS), septic shock and/or multiple organ failure
which requires hospitalization at ICU for assisted respiratory
support and other medical treatments until recovery, or
possibly death [2,6,7,8]. The most common symptoms of
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COVID-19 are fever, fatigue, and respiratory symptoms,
including cough, sore throat and shortness of breath [6, 9].

The SARS-CoV-2 enters the human host through exposure
to its microdroplets present in the exhalates from an infected
individual or by contact with the viral particle present in
contaminated fomites [2]. The virus binds to cells of the
bronchial epithelium and the type-II ACE2+ pneumocytes of
the alveolar epithelium using the Angiotensin 2 Converting
Enzyme (ACE2),ametallopeptidase presentonthe membrane
of many cells, including type-I and -II pneumocytes, receptor
[10, 11]. The early defense mechanism in an infected cell
is the production of type-I and type -1II IFN [12, 13]. Viral
interactions with the innate immune system play a central
role in determining the outcome of infection. Early control
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of viral replication by type I interferons (IFN), complement
proteins, and other innate immune mediators limit viral
spread within the host during the early phases of the disease
[14]. However an overactive innate immune response can
result to tissue damage [15]. However, the importance of this
review is to analyze the main aspects of the innate immune
response against SARS-CoV-2.

SARS-Cov-2
Replication

Receptors, Attachment and

SARS-CoV-2 is mainly considered to infect respiratory
epithelial cells, but a recent study confirmed that it can
also infect T lymphocytes, spleens, and lymph nodes [16].
Penetrating the target cell is a crucial point for replication
to occur but the primary marker in the replication cycle of
SARS-CoV-2 is an adequate attachment of the S glycoprotein
to a cell surface receptor [17,18]. The S protein is used by
SARS-CoV-2 to gain entry into human cell and bind to the
angiotensin-converting enzyme 2 (ACE2) via cell surface-
associated transmembrane protease serine 2 (TMPRSS2)
and cathepsin as priming stage [19]. Priming activates the
S protein to intercede the fusion among the viral and cell
membranes, leading to discharging the nucleocapsid into the
host cell [20-22]. However, the S glycoprotein includes two
subunits, S1 and S2, S1 is responsible for the determination
of the virus-host range and cellular tropism via Receptor
Binding Domain (RBD), while S2 facilitates virus-cell
membrane fusion by two tandem domains, heptad repeats
1 (HR1) and heptad repeats 2 (HR2) [23]. The Angiotensin-
converting enzyme 2 (ACE2) is an essential component of the
renin-angiotensin system [24] which binds to the S protein
of coronaviruses [25] and also a receptor of SARS-CoV-2 [26]
for entry into humans [27]. Analysis of the receptor binding
motif (RBM), a portion of the receptor binding domain (RBD)
that makes contact with ACE2 Li W, et al. [28], revealed
that most amino acid residues essential for ACE2 binding
were conserved in SARS-CoV-2. Host proteases mediate the
activation of S protein, for example, activation of S protein
of SARS-COV-2 requires further cleavage by the endosomal
cysteine protease cathepsin L and another trypsin-like
serine protease [29-31]. Furthermore, S protein of SARS-
CoV-2 encompasses two cleavage locations for furin which is
a ubiquitously expressed protease [32].

The genomic RNA of coronavirus of approximately
30,000 nucleotides encodes structural proteins and
nonstructural proteins of the virus that have a critical role in
viral RNA synthesis (called replicase-transcriptase proteins).
At least one niche-specific protein, nonstructural protein 2
(nsp2), and one structural protein, the nucleocapsid protein
(N), are involved in viral RNA synthesis. The expression
of the coronavirus replicase-transcriptase protein genes
is mediated by the translation of the genomic RNA. The
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replicase-transcriptase proteins are encoded in open-
reading frame 1a (ORF1a) and ORF1b and are synthesized
initially as two large polyproteins, ppla and pplab. The
synthesis of pplab involves programmed ribosomal
frameshifting during translation of ORFla. During or after
synthesis, these polyproteins are cleaved by virus-encoded
proteinases with papain-like (PLpro) and chymotrypsin-like
folds into 16 proteins. NSP1 to NSP11 are encoded in ORF1a,
and NSP12 to NSP16 are encoded in ORF1b. The replicase-
transcriptase proteins, together with other viral proteins and,
possibly, cellular proteins, assemble into membrane-bound
replication-transcription complexes (RTC). These complexes
accumulate at perinuclear regions and are associated with
double-membrane vesicles. Hydrophobic transmembrane
domains are present in NSP3, NSP4, and NSP6 likely serve to
anchor the nascent ppla/pplab polyproteins to membranes
during the first step of RTC formation. Finally, the virion-
containing vesicles fuse with the plasma membrane of the
cell to release the virus. The virus then attaches a new cell,
and the cycle is repeated [23].

SARS-Cov-2 and Innate Immune Response

The innate immunity is a well-maintained defense
mechanism for accelerated recognition and control of
pathogens [33]. During viral infections, after viruses enter
the host cells, they are recognized by Pattern Recognition
Receptors (PRR) such as TLR7 and TLR8, RIG-I-like (RLRs),
NOD-like receptor (NLR), C-type lectin-like receptors, and
free-molecule receptors all expressed by epithelial cells
as well as by local cells of the innate immune response,
like alveolar macrophages [34,35], through the pathogen
molecular patterns (PAMPs). Following the promotion via
PAMPs, PRRs recruit adaptor proteins that comprise complex
signaling pathways involving several kinases [36], which
activates crucial downstream transcription factors, including
interferon regulatory factor (IRF), NF-kB, and AP-1, resulting
in production of the Type-I and -III antiviral Interferons and
different chemokines [37]. This signaling pathway eventually
results in the promotion of the essential transcription factors,
such as the nuclear factor interferon regulatory factor 3
(IRF3), Nuclear factor-kappa B (NF-xB), and Activator
Protein-1(AP-1) [38] which attracts more innate response
cells [polymorphonuclear leukocytes, monocytes, NK cells,
dendritic cells (DC)], which also produce chemokines, such
as MIG, IP-10, and MCP-1, capable of recruiting lymphocytes,
which in turn, will recognize the viral antigens presented
by DCs [13,39]. Synergistically, these agents release type |
interferons that are secreted and act nearby interferon o/
Receptor (IFNAR) [40]. The antiviral effect of interferon type
I has interfered through different mechanisms [41]. SARS-
CoV-2 can infect type-1 and -II pneumocytes, plus alveolar
macrophages [42]. Interestingly, SARS-CoV-2 induces only
five cytokines (IL-6, MCP1, CXCL1, CXCL5, and CXCL10/1P10)
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[2]. Additionally, chemokines and cytokines are ordered to
stimulate inflammatory reactions, which are responsible
for extensive tissue damage [38]. Blanco-Melo, et al. [43]
studied the transcriptional response to SARS-CoV-2, in
invitro infection of respiratory cell lines, experimental
invivo infection of ferrets, and post-mortem lung samples
of COVID-19 patients. Their results show that SARS-CoV-2
induces a particular signature characterized by reduced IFN-I
and IFN-III responses and significant induction of multiple
proinflammatory chemokines, IL-1B, IL-6, TNE, and IL1RA.
These findings were further supported by theincreased serum
levels of these molecules in COVID-19 patients. SARS-CoV-2
differs from other coronaviruses in its capacity to replicate
within the pulmonary tissue, elude from the antiviral effects
of IFN-I1 and IFN-III, activate innate responses, and induce the
production of the cytokines required for the recruitment of
adaptive immunity cells. Furthermore, patients needing ICU
care have raised plasma levels of several innate cytokines
to include 1P-10, MCP-1, MIP-14, and TNFa [6]. Overall, the
robust innate immune response toward viral infection relies
profoundly on the interferon (IFN) type I responses and
its downstream cascade that completes in managing viral
replication and initiation of the effective adaptive immune
response [44,45].

Macrophages Responses to COVID-19 Infection

Macrophages are critical producers of type I interferons
and other pro-inflammatory cytokines which trigger
antiviral protection, even though they potentially contribute
to immune pathology mediated to viral infections [46].
The role of macrophages can be inferred from the immune
response observed in other coronavirus infection. SARS-CoV
has an accessory protein, Open Read Frame 8 (ORF-8) [47].
This protein determines the activation of intracellular stress
mechanisms, lysosomal damage, and activation of autophagy.
Specifically, at a macrophage level, ORF-8 causes intracellular
aggregates that interact with NLRP3, also called Cryopyrin,
a structural protein of the inflammasome, determining
its activation [48]. The Inflammasome is a multiprotein
complex, part of the innate immune system, responsible
for the activation of inflammatory response. Inflammasome
activation recruits pro-caspase-1, a proteolytic enzyme that
cleaves proinflammatory cytokines, such as pro-IL-1 # and
pro-IL18, thus activating them. This leads to a particular
form of programmed cell death, which is called pyroptosis,
in which the cell, following recognition of intracellular
pathogens, undergoes programmed cell death associated
with discharge of inflammatory cytokines, chemokines,
and subsequent chemotaxis of inflammatory cells. In
particular, the release of IL18 stimulates the production
of IFN gamma, which determines the development of TH1
polarization, contributing to the development of adaptive
immunity [49-52]. It is plausible that it occurs similarly in
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SARS-CoV-2 infection since studies on SARS-CoV-2 genome
prove that there is a high analogy with the SARS-CoV ORF-
8 region, so we may suppose that macrophage activation of
the inflammasome plays an important role determining the
important inflammatory response observed in patients with
more severe forms of infection [53,54]. Interleukin 1 released
by macrophage through the inflammasome contributes to the
cytokine storm responsible for the most aggressive forms of
COVID-19, with symptoms of hyperactivation of the immune
system similar to secondary forms of hemophagocytic
lymphohistiocytosis, (sHLH) infection [55]. The pathogenetic
role of IL1 could lead to important therapeutic implications.
Acting on the inflammatory signaling pathway induced by
the inflammasome, Anakinra, a recombinant IL-1 receptor
antagonist, could block the cytokine storm, similarly to
various secondary HLH conditions [56]. Several case reports
evaluated the effectiveness of Anakinra in refractory forms
of COVID-19 pneumonia. In a case series of 9 patients
treated with subcutaneous Anakinra, there was only one
case of failure, while the other 8 had improvement in
clinical conditions and reduction of oxygen flow and blood
inflammation markers [57]. Nowadays there are already 13
clinical trials registered on ClinicalTrials. gov investigating
the efficacy of the inhibitor of IL-1-RA Anakinra alone or
compared with other drugs [13].

Dendritic Cells and COVID-19

Dendriticcellsand macrophagesarefirstline components
of the innate immune network. DCs, which can be grouped
into plasmacytoid (pDC) and myeloid types (mDC), play
important roles in driving both innate and adaptive immune
responses to viral pathogens [58,59]. pDCs rapidly respond
to viruses or their derivatives to produce large amounts of
type I IFN, which can induce direct antiviral responses and
also modulate other components of the innate and adaptive
immune response, such as natural killer cells and CD8 T cells.
mDCs can also secrete large amounts of type I [FN.

COVID-19 and Neutrophils

The complete blood count during COVID-19 infection
is frequently performed, and an increase in neutrophils
with lymphopenia is observed. However, from an
anatomopathological point of view, some case series
of patients who died from COVID-19 show a marked
infiltration of neutrophils in patients’ lungs [60]. However,
polymorphonuclear cells (PMN) infiltrate the lung during
Covid-19 infection. They also contribute to the healing
process through clearance of the virus and production of
growth factors involved in healing and re-epithelialization
of damaged regions [61]. According to Channappanavar,
et al. [13], viral infection, leading to the expression of viral
proteins and local damage at the epithelial cells, leads to
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the PMN cells infiltration. PMN cells contribute to local
production of cytokines and chemokines; in particular, the
interaction of PMN cells with lung cells amplifies this effect.
In vitro work demonstrated that PMN cells, when they are
linked with type I epithelial alveolar cells (AT1) infected
with coronaviruses, had an increased expression of mRNA
levels of proinflammatory cytokines (IL-18, IL-1a, IL-1b,
and TNF-a), CXC chemokines (CXCL-1, CXCL-2, IP-10, and
CXCL-11), and CC chemokines (CCL- 2, CCL-4, CCL-7, CCL-
9, CCL-12, and CCL-22) [62]. So, their role would appear
dichotomous; on the one hand, neutrophils can play as
actors in the early recruitment of inflammation cells; on
the other, they can contribute to tissue damage when their
action does not appear to be adequately counterbalanced
[59]. Furthermore, increased neutrophils and diminished
lymphocytes also associate with the disease severity and
mortality in COVID-19 patients [9]. Lymphocyte antigen 6
complex locus E (LY6E) has been shown to interfere with
SARS-CoV-2 spike (S) protein-mediated membrane fusion
[63].

COVID-19 Interaction with Complement System

The complement system has a critical function in
immune responses to infection caused by the SARS-CoV-2
because it enables the detection and response to viral
particles. Considering its potency to harm the host tissues,
the complement system is regulated via inhibiting proteins
of serum. C3a and C5a show a proinflammatory activity
that could initiate the recruitment of the inflammatory cell,
such as activation of neutrophil cells [64]. Activation of
complement and the contact system, through the formation
of bradykinin, may perform a role in the SARS-CoV-2-induced
pulmonary edema, and it's recommended that further work
is necessary to verify the information [33]. The complement
system doesn’t seem to be protective of SARS-CoV-2 even
when it is sufficient enough in defending against various
viruses.

Covid-19 Interaction with Interferons

Interferons mediate direct antiviral influences that
restrict viral replication via activating/regulating a group
of welldefined antiviral effectors, such as protein kinase R
(PKR) and Ribonuclease L (RNase L), while inflecting other
facets of the innate and adaptive immune responses via
stimulating a wide variety of interferon-inducible genes [65].
Interferons (IFN) have important roles in the inhibition of
viral replication, through different effector proteins [66,67].
There are three types of interferons, Type I (interferon a
), Type II (Interferon y), and Type III (Interferon A) [68].
Although all three are likely to be involved in protection
from coronavirus infection, type I IFN is the most studied
in this area and his role appears predominant especially in
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the early stages of the infection [69], especially restricting
virus replication before adequate adaptive immunity is
mounted [70]. Interferons I and IIl are cytokines with
critical roles in the innate immune response against viral
infections [71]. Virus-infected cells induce and secrete
interferon I molecules that bind to the cell surface receptor
IFNAR (interferon III uses a different receptor), thereby
triggering the Jak-Stat (Janus kinase/signal transducer and
activator of transcription) signaling pathway that switches
on many antiviral genes. The interferon-stimulated genes
are then transcribed into RNA and translated into proteins
that suppress viral replication and spread [72]. There
are two main pathways via them host cells sense invading
viruses and trigger the interferon pathway; the cytoplasmic
interferon induction pathways and TLR associated pathway
(Samuel, 2001). TLRs including TLR3, TLR7, TLR8 as well as
TLR9 could recognize viruses in endosomal compartments
as they penetrate cells [73]. In contrast, cytoplasmic caspase
activation and recruitment domain (CARD) RNA helicases,
RIG-I, and melanoma differentiation-associated gene 5
(Mda5), identify viral RNAs in the cytoplasm [74].

The production of type I IFN is enhanced by viral RNAs
trough two cytosolic proteins: RIG-1 (retinoic acid-inducible
gene [) and MDA5 (melanoma differentiation-associated
protein 5). The recognition of viral RNA by these cytosolic
receptors leads to the activation of IRF3 and determines the
initiation of the transcription of type I IF, thus contributing
to resolution of the infection [75]. SARS-CoV-2 have several
proteins,includingnsp1,nsp3,nsp16,0RF3b,0RF6,and Mand
N proteins, similar to proteins of other coronaviruses, which
act on type I IFN pathway, either by inhibiting transcription
or by acting on effector mechanisms [69,76,77]. SARS-CoV-2
robustly triggers the expression of numerous IFN-inducible
genes (ISGs) [33]. These ISGs display immunopathogenic
potentials, defined by the overrepresentation of genes
implicated in inflammation [78]. However, SARS-CoV-2 does
not induce types I, II, or Il interferons in the infected human
lung tissues [42], as cytokine storm may be the main cause for
the severity of the coronavirus infection [27]. Although, type
/111 interferons (IFNs) are considered the most important
for antiviral defense. Early evidence demonstrated that
SARS-CoV-2 is sensitive to IFN-I/III pretreatment in vitro,
perhaps to a greater degree than SARS-CoV-1 [43].

Conclusion

The knowledge about COVID-19, including replication
of the virus, cell biology, and pathogenesis, is slowly
increasing. Innate immunity, acting as the first element of
defense, can represent, together with other mechanisms, a
promising target for the treatment of patients or at least to
better understand the pathogenesis of the disease [79-82].
Although there is an impressive speed by which COVID-19
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was identified, and the genome was sequenced, along with
the earlier accumulated data on the other members of
the corona-virus family, which had provided a lot of new
insight about this universal health issue [83-88]. There
are still many significant and intriguing aspects remaining
to be identified about COVID-19 and future directions for
COVID-19 studies are open and more studies on clarifying
the immune reactions that occur during this infection so as
to lead towards probable vaccine development and antiviral
drugs are required.

10.

Edem EN, et al. Coronavirus Disease (COVID-19) Infection and Innate Imnmuno-Response: Pathway to

References

World Health Organization (2020) Naming the
Coronavirus Disease (COVID-19 and the Virus That
Causes it.

Garcia LF (2020) Immune Response, Inflammation,
and the Clinical Spectrum of COVID-19. Front Immunol
11:1441.

Li B, Si RH, Zhu Y, Yang LX, Anderson ED, et al. (2020)
Discovery of bat coronaviruses through surveillance
and probe capture-based next-generation sequencing.
mSphere 5: 20.

Wertheim JO (2020) A glimpse into the origins of genetic
diversity in SARS-CoV-2. Clin Infect Dis 71(15): 721-722.

Li G, Fan Y, Lai Y, Han T, Li Z, et al. (2020) Coronavirus
infections and immune responses. ] Med Virol 92: 424-
432.

Huang C, Wang Y, Li X, Ren L, Zhao ], et al. (2020) Clinical
features of patients infected with 2019 novel coronavirus
in Wuhan, China. Lancet 395(10223): 497-506.

Pan XW, Xu D, Zhang H, Zhou W, Wang H, et al. (2020)
Identification of a potential mechanism of acute kidney
injury during the Covid-19 outbreak: a study based on
single-cell transcriptome analysis. Intens Care Med
46(6): 1114-1116.

Raoult D, Zumla A, Locatelli E, Ippolito G, Kroemer G,
et al. (2020) Coronavirus infections: epidemiological,
clinical and immunological features and hypothesis. Cell
Stress 4(4): 66-75.

Wu F, Zhao S, Yu B, Chen YM, Wang W, et al. (2020) A new
coronavirus associated with human respiratory disease
in China. Nature 579(7798): 265-269.

Hamming I, Timens W, Bulthuis LM, Lely TA, Navis G,
et al. (2004) Tissue distribution of ACE2 protein, the
functional receptor for SARS coronavirus. A first step in
understanding SARS pathogenesis. ] Pathol 203(2): 631-

Eradicating the Pandemic. Virol Immunol ] 2021, 5(1): 000270.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Virology & Immunology Journal

637.

ZouX, Chen K, Zou ], Han P, Hao ], et al. (2020) Single-cell
RNA-seq data analysis on the receptor ACE2 expression
reveals the potential risk of different human organs
vulnerable to 2019-nCoV infection. Front Med 14: 185-
192.

Li ], Liu W (2020) Puzzle of highly pathogenic human
coronaviruses (2019-nCoV). Protein Cell 11(4): 235-
238.

Perlman S, Dandekar AA (2005) Immunopathogenesis
of coronavirus infections: implications for SARS. Nat Rev
Immunol 5: 917-927.

Katze MG, He Y, Gale Jr M (2002) Viruses and interferon:
a fight for supremacy. Nat Rev Immunol 2(9): 675-687.

Sastre AG, Biron CA (2006) Type 1 interferons and the
virus-host relationship: a lesson in detente. Science
312(5775): 879-882.

Yongwen C, Feng Z, Diao B, Wang R, Wang G, et al.
(2020) The novel severe acute respiratory syndrome
Coronavirus 2 (SARS-CoV-2) directly decimates human
spleens and lymph nodes.

Li F (2016) Structure, function, and evolution of
coronavirus spike proteins. Annu Rev Virol 3(1): 237-
261.

Yuki K, Fujiogi M, Koutsogiannaki S (2020) COVID-19
pathophysiology: a review. Clin Immunol (Orlando, Fla)
215:108427.

Hoffmann M, Weber HK, Schroeder S, Kruger N, Herrler T,
etal. (2020) SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease
inhibitor. Cell 181(2): 271-280.

Tai W, He L, Zhang X, Pu ], Voronin D, et al. (2020)
Characterization of the receptor-binding domain (RBD)
of 2019 novel coronavirus: implication for development
of RBD protein as a viral attachment inhibitor and
vaccine. Cell Mol Immunol 17(6): 613-620.

Chen WH, Hotez PJ], Bottazzi ME (2020) Potential for
developing a SARS-CoV receptor-binding domain (RBD)
recombinant protein as a heterologous human vaccine
against coronavirus infectious disease (COVID)-19. Hum
Vaccine Immunother 16(6): 1239-1242.

Ontario Agency for Health Protection and Promotion
(Public Health Ontario) (2020) Review of “SARS-CoV-2
cell entry depends on ACE2 and TMPRSS2 and is blocked
by a clinically proven protease inhibitor”. Toronto, ON:

Copyright© Edem EN, etal.


https://medwinpublishers.com/VIJ
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://pubmed.ncbi.nlm.nih.gov/32612615/
https://pubmed.ncbi.nlm.nih.gov/32612615/
https://pubmed.ncbi.nlm.nih.gov/32612615/
https://msphere.asm.org/content/5/1/e00807-19
https://msphere.asm.org/content/5/1/e00807-19
https://msphere.asm.org/content/5/1/e00807-19
https://msphere.asm.org/content/5/1/e00807-19
https://pubmed.ncbi.nlm.nih.gov/32129842/
https://pubmed.ncbi.nlm.nih.gov/32129842/
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25685
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25685
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25685
https://pubmed.ncbi.nlm.nih.gov/31986264/
https://pubmed.ncbi.nlm.nih.gov/31986264/
https://pubmed.ncbi.nlm.nih.gov/31986264/
https://pubmed.ncbi.nlm.nih.gov/32236644/
https://pubmed.ncbi.nlm.nih.gov/32236644/
https://pubmed.ncbi.nlm.nih.gov/32236644/
https://pubmed.ncbi.nlm.nih.gov/32236644/
https://pubmed.ncbi.nlm.nih.gov/32236644/
https://pubmed.ncbi.nlm.nih.gov/32292881/
https://pubmed.ncbi.nlm.nih.gov/32292881/
https://pubmed.ncbi.nlm.nih.gov/32292881/
https://pubmed.ncbi.nlm.nih.gov/32292881/
https://pubmed.ncbi.nlm.nih.gov/32015508/
https://pubmed.ncbi.nlm.nih.gov/32015508/
https://pubmed.ncbi.nlm.nih.gov/32015508/
https://onlinelibrary.wiley.com/doi/full/10.1002/path.1570
https://onlinelibrary.wiley.com/doi/full/10.1002/path.1570
https://onlinelibrary.wiley.com/doi/full/10.1002/path.1570
https://onlinelibrary.wiley.com/doi/full/10.1002/path.1570
https://onlinelibrary.wiley.com/doi/full/10.1002/path.1570
https://pubmed.ncbi.nlm.nih.gov/32170560/
https://pubmed.ncbi.nlm.nih.gov/32170560/
https://pubmed.ncbi.nlm.nih.gov/32170560/
https://pubmed.ncbi.nlm.nih.gov/32170560/
https://pubmed.ncbi.nlm.nih.gov/32170560/
https://pubmed.ncbi.nlm.nih.gov/32088858/
https://pubmed.ncbi.nlm.nih.gov/32088858/
https://pubmed.ncbi.nlm.nih.gov/32088858/
https://www.nature.com/articles/nri1732
https://www.nature.com/articles/nri1732
https://www.nature.com/articles/nri1732
https://pubmed.ncbi.nlm.nih.gov/12209136/
https://pubmed.ncbi.nlm.nih.gov/12209136/
https://pubmed.ncbi.nlm.nih.gov/16690858/
https://pubmed.ncbi.nlm.nih.gov/16690858/
https://pubmed.ncbi.nlm.nih.gov/16690858/
https://www.medrxiv.org/content/10.1101/2020.03.27.20045427v1
https://www.medrxiv.org/content/10.1101/2020.03.27.20045427v1
https://www.medrxiv.org/content/10.1101/2020.03.27.20045427v1
https://www.medrxiv.org/content/10.1101/2020.03.27.20045427v1
https://pubmed.ncbi.nlm.nih.gov/27578435/
https://pubmed.ncbi.nlm.nih.gov/27578435/
https://pubmed.ncbi.nlm.nih.gov/27578435/
https://pubmed.ncbi.nlm.nih.gov/32325252/
https://pubmed.ncbi.nlm.nih.gov/32325252/
https://pubmed.ncbi.nlm.nih.gov/32325252/
https://pubmed.ncbi.nlm.nih.gov/32142651/
https://pubmed.ncbi.nlm.nih.gov/32142651/
https://pubmed.ncbi.nlm.nih.gov/32142651/
https://pubmed.ncbi.nlm.nih.gov/32142651/
https://pubmed.ncbi.nlm.nih.gov/32203189/
https://pubmed.ncbi.nlm.nih.gov/32203189/
https://pubmed.ncbi.nlm.nih.gov/32203189/
https://pubmed.ncbi.nlm.nih.gov/32203189/
https://pubmed.ncbi.nlm.nih.gov/32203189/
https://pubmed.ncbi.nlm.nih.gov/32298218/
https://pubmed.ncbi.nlm.nih.gov/32298218/
https://pubmed.ncbi.nlm.nih.gov/32298218/
https://pubmed.ncbi.nlm.nih.gov/32298218/
https://pubmed.ncbi.nlm.nih.gov/32298218/
https://www.publichealthontario.ca/-/media/documents/ncov/research-clininfecdis-sars-cov-2-entry.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/research-clininfecdis-sars-cov-2-entry.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/research-clininfecdis-sars-cov-2-entry.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/research-clininfecdis-sars-cov-2-entry.pdf?la=en

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Edem EN, et al. Coronavirus Disease (COVID-19) Infection and Innate Imnmuno-Response: Pathway to

Queen’s Printer for Ontario.

Sapkota A (2020) Transmission,
replication of SARS-CoV-2 (COVID-19).

pathogenesis,

Donoghue M, Hsieh F, Baronas E, Godbout K, Gosselin M,
et al. (2000) A novel Angiotensin-Converting Enzyme-
related carboxypeptidase (ACE2) converts angiotensin i
to angiotensin 1-9. Circ Res 87(5): E1-9.

Li W, Moore M], Vasilieva N, Sui ], Wong SK, et al. (2003)
Angiotensin converting enzyme 2 is a functional receptor
for the SARS coronavirus Nature 426(6965): 450-454.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, et al. (2020) A
pneumonia outbreak associated with a new coronavirus
of probable bat origin. Nature 588(7836): E6.

Liang Y, Wang ML, Chien CS, Yarmishyn AA, Yang YP, et al.
(2020) Highlight of Immune Pathogenic Response and
Hematopathologic Effect in SARS-CoV, MERS-CoV, and
SARS-Cov-2 Infection. Front Immunol 11: 1022.

Li W, Sui ], Huang IC, Kuhn JH, Radoshitzky SR, et al.
(2007) The S proteins of human coronavirus NL63 and
severe acute respiratory syndrome coronavirus bind
overlapping regions of ACE2. Virology 367(2): 367-74.

Bosch BJ], Smits SL, Haagmans BL (2014) Membrane
ectopeptidases targeted by human coronaviruses. Curr
Opin Virol 6: 55-60.

Wan Y, Shang ], Graham R, Baric RS, Li F, et al. (2020)
Receptor recognition by the novel coronavirus from
wuhan: an analysis based on decade-long structural
studies of SARS coronavirus. ] Virol 94(7): e00127-e220.

Liu DX, Liang JQ, Fung TS (2020) Human Coronavirus-
229E,-0C43, -NL63, and -HKU1. Reference Module in
Life Sciences.

Walls AC, Park Y], Tortorici MA, Wall A, McGuire AT, et
al. (2020) Structure, function, and antigenicity of the
SARSCoV-2 spike glycoprotein. Cell 181(2): 281-292.

Mirzaei R, Karampoor S, Sholeh M, Moradi P, Ranjbar R,
et al. (2020) A contemporary review on pathogenesis
and immunity of COVID19 infection. Molecular Biology
Reports 47: 5365-5376.

Frieman M, Heise M, Baric R (2008) SARS coronavirus
and innate immunity. Virus Res 133(1): 101-112.

Fung TS, Liu DX (2019) Human coronavirus: host-
pathogen interaction. Annu Rev Microbiol 73: 529-557.

Mogensen TH (2009) Pathogen recognition and

Eradicating the Pandemic. Virol Immunol ] 2021, 5(1): 000270.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Virology & Immunology Journal

inflammatory signaling in innate immune defenses. Clin
Microbiol Rev 22(2): 240-273.

Hur S (2019) Double-stranded RNA sensors and
modulators in innate immunity. Annu Rev Immunol 37:
349-375.

Iwanaszko M, Kimmel M (2015) NF-«kB and IRF pathways:
cross-regulation on target genes promoter level. BMC
Genomics 16(1): 307.

Chen ], Subbarao K (2007) The immunobiology of SARS.
Annu Rev Immunol 25: 443-472.

Mirzaei R, Karampoor S, Sholeh M, Moradi P, Ranjbar R,
et Al. (2020) A contemporary review on pathogenesis
and immunity of COVID19 infection. Molecular Biology
Reports ] Virol 47(7): 5365-5376.

Perry AK, Chen G, Zheng D, Tang H, Cheng G, et al. (2005)
The host type I interferon response to viral and bacterial
infections. Cell Res 15(6): 407-422.

Chu H, Chan FJ, Wang Y, Yuen TT, Chai Y, et al. (2020)
Comparative replication and immune activation profiles
of SARS-CoV-2 and SARS-CoV in human lungs: an ex
vivo study with implications for the pathogenesis of
COVID-19. Clin Infect Dis 71(6): 1400-1409.

Melo DB, Payant BEN, Liu CW, Uhl S, Hoagland D, et al.
(2020) Imbalanced host response to SARS-CoV-2 drives
development of COVID-19. Cell 181(5): 1036-1045.

Mahallawi WH, Khabour OF Zhang Q, Makhdoum HM,
Suliman BA, et al. (2018) MERS-CoV infection in humans
is associated with a pro-inflammatory Th1l and Th17
cytokine profile. Cytokine 104: 8-13.

Prompetchara E, Ketloy C, Palaga T (2020) Immune
responses in COVID-19 and potential vaccines: Lessons
learned from SARS and MERS epidemic. Asian Pac ]
Allergy Immunol 38(1): 1-9.

Vadiveloo PK, Vairo G, Hertzog P, Kola I, Hamilton JA, et
al. (2000) Role of type I interferons during macrophage
activation by lipopolysaccharide. Cytokine 12(11):
1639-1646.

Shi CS, Nabar NR, Huang NN, Kehrl JH (2019) SARS-
coronavirus open reading frame-8b triggers intracellular
stress pathways and activates NLRP3 inflammasomes.
Cell Death Discov 5: 101.

He Y, Hara H, Nunez G (2016) Mechanism and regulation
of NLRP3 Inflammasome activation. Trends Biochem Sci
41(12):1012-1021.

Copyright© Edem EN, etal.


https://medwinpublishers.com/VIJ
https://www.publichealthontario.ca/-/media/documents/ncov/research-clininfecdis-sars-cov-2-entry.pdf?la=en
https://microbenotes.com/transmission-pathogenesis-replication-of-sars-cov-2/
https://microbenotes.com/transmission-pathogenesis-replication-of-sars-cov-2/
https://pubmed.ncbi.nlm.nih.gov/10969042/
https://pubmed.ncbi.nlm.nih.gov/10969042/
https://pubmed.ncbi.nlm.nih.gov/10969042/
https://pubmed.ncbi.nlm.nih.gov/10969042/
https://pubmed.ncbi.nlm.nih.gov/14647384/
https://pubmed.ncbi.nlm.nih.gov/14647384/
https://pubmed.ncbi.nlm.nih.gov/14647384/
https://pubmed.ncbi.nlm.nih.gov/33199918/
https://pubmed.ncbi.nlm.nih.gov/33199918/
https://pubmed.ncbi.nlm.nih.gov/33199918/
https://pubmed.ncbi.nlm.nih.gov/32574260/
https://pubmed.ncbi.nlm.nih.gov/32574260/
https://pubmed.ncbi.nlm.nih.gov/32574260/
https://pubmed.ncbi.nlm.nih.gov/32574260/
https://pubmed.ncbi.nlm.nih.gov/17631932/
https://pubmed.ncbi.nlm.nih.gov/17631932/
https://pubmed.ncbi.nlm.nih.gov/17631932/
https://pubmed.ncbi.nlm.nih.gov/17631932/
https://pubmed.ncbi.nlm.nih.gov/24762977/
https://pubmed.ncbi.nlm.nih.gov/24762977/
https://pubmed.ncbi.nlm.nih.gov/24762977/
https://jvi.asm.org/content/94/7/e00127-20
https://jvi.asm.org/content/94/7/e00127-20
https://jvi.asm.org/content/94/7/e00127-20
https://jvi.asm.org/content/94/7/e00127-20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7204879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7204879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7204879/
https://pubmed.ncbi.nlm.nih.gov/32155444/
https://pubmed.ncbi.nlm.nih.gov/32155444/
https://pubmed.ncbi.nlm.nih.gov/32155444/
https://link.springer.com/article/10.1007%2Fs11033-020-05621-1
https://link.springer.com/article/10.1007%2Fs11033-020-05621-1
https://link.springer.com/article/10.1007%2Fs11033-020-05621-1
https://link.springer.com/article/10.1007%2Fs11033-020-05621-1
https://pubmed.ncbi.nlm.nih.gov/17451827/
https://pubmed.ncbi.nlm.nih.gov/17451827/
https://pubmed.ncbi.nlm.nih.gov/31226023/
https://pubmed.ncbi.nlm.nih.gov/31226023/
https://pubmed.ncbi.nlm.nih.gov/19366914/
https://pubmed.ncbi.nlm.nih.gov/19366914/
https://pubmed.ncbi.nlm.nih.gov/19366914/
https://pubmed.ncbi.nlm.nih.gov/30673536/
https://pubmed.ncbi.nlm.nih.gov/30673536/
https://pubmed.ncbi.nlm.nih.gov/30673536/
https://pubmed.ncbi.nlm.nih.gov/25888367/
https://pubmed.ncbi.nlm.nih.gov/25888367/
https://pubmed.ncbi.nlm.nih.gov/25888367/
https://pubmed.ncbi.nlm.nih.gov/17243893/
https://pubmed.ncbi.nlm.nih.gov/17243893/
https://pubmed.ncbi.nlm.nih.gov/32601923/
https://pubmed.ncbi.nlm.nih.gov/32601923/
https://pubmed.ncbi.nlm.nih.gov/32601923/
https://pubmed.ncbi.nlm.nih.gov/32601923/
https://pubmed.ncbi.nlm.nih.gov/15987599/
https://pubmed.ncbi.nlm.nih.gov/15987599/
https://pubmed.ncbi.nlm.nih.gov/15987599/
https://pubmed.ncbi.nlm.nih.gov/32270184/
https://pubmed.ncbi.nlm.nih.gov/32270184/
https://pubmed.ncbi.nlm.nih.gov/32270184/
https://pubmed.ncbi.nlm.nih.gov/32270184/
https://pubmed.ncbi.nlm.nih.gov/32270184/
https://pubmed.ncbi.nlm.nih.gov/32416070/
https://pubmed.ncbi.nlm.nih.gov/32416070/
https://pubmed.ncbi.nlm.nih.gov/32416070/
https://pubmed.ncbi.nlm.nih.gov/29414327/
https://pubmed.ncbi.nlm.nih.gov/29414327/
https://pubmed.ncbi.nlm.nih.gov/29414327/
https://pubmed.ncbi.nlm.nih.gov/29414327/
https://pubmed.ncbi.nlm.nih.gov/32105090/
https://pubmed.ncbi.nlm.nih.gov/32105090/
https://pubmed.ncbi.nlm.nih.gov/32105090/
https://pubmed.ncbi.nlm.nih.gov/32105090/
https://pubmed.ncbi.nlm.nih.gov/11052814/
https://pubmed.ncbi.nlm.nih.gov/11052814/
https://pubmed.ncbi.nlm.nih.gov/11052814/
https://pubmed.ncbi.nlm.nih.gov/11052814/
https://www.nature.com/articles/s41420-019-0181-7
https://www.nature.com/articles/s41420-019-0181-7
https://www.nature.com/articles/s41420-019-0181-7
https://www.nature.com/articles/s41420-019-0181-7
https://www.cell.com/trends/biochemical-sciences/fulltext/S0968-0004(16)30148-7?_returnURL=https
https://www.cell.com/trends/biochemical-sciences/fulltext/S0968-0004(16)30148-7?_returnURL=https
https://www.cell.com/trends/biochemical-sciences/fulltext/S0968-0004(16)30148-7?_returnURL=https

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Edem EN, et al. Coronavirus Disease (COVID-19) Infection and Innate Imnmuno-Response: Pathway to

Byrne BG, Dubuisson JF, Joshi AD, Persson ]], Swanson
MS, et al. (2013) Inflammasome components coordinate
autophagy and pyroptosis as macrophage responses to
infection. mBio 4(1): e00620-12.

Hilgenfeld R, Peiris, M (2013) From SARS toMERS:
10 years of research on highly pathogenic human
coronaviruses. Antivir Res 100(1): 286-295.

OostraM, de Haan CA, Rottier PJ (2007) The 29-nucleotide
deletion present in human but not in animal severe
acute respiratory syndrome coronaviruses disrupts the
functional expression of open frame 8. ] Virol 81(24):
13876-13888.

Kaplanski G (2018) Interleukin-18: biological properties
and role in disease pathogenesis. Immunol Rev 281(1):
138-153.

Andersen KG, Rambaut A, LipkinWI, Holmes EC, Garry
RF (2020) The proximal origin of SARS-CoV-2. Nat Med
26(4): 450-452.

Li J, Liu W (2020) Puzzle of highly pathogenic human
coronaviruses (2019-nCoV). Protein Cell 11(4): 235-
238.

Wampler Muskardin TL (2020) Intravenous Anakinra for
macrophage activation syndrome may hold lessons for
treatment of cytokine storm in the setting of coronavirus
disease 2019. ACR Open Rheumatol 2(5): 283-285.

Monteagudo LA, Boothby A, Gertner E (2020) Continuous
intravenous Anakinra infusion to calm the cytokine
storm in macrophage activation syndrome. ACR Open
Rheumatol 2(5): 276-282.

Aouba A, Baldolli A, Geffray L, Verdon R, Bergot E et
al. (2020) Targeting the inflammatory cascade with
anakinra in moderate to severe COVID-19 pneumonia:
case series. Ann Rheum Dis Annrheumdis 79(10): 1381-
1382.

Yamamoto M, Takeda K, Akira S (2004) TIR domain-
containing adaptors define the specificity of TLR
signaling. Mol Immunol 40(12): 861-868.

Funk CJ, Manzer R, Miura TA, Groshong SD, Ito Y, et al.
(2009) Rat respiratory coronavirus infection: replication
in airway and alveolar epithelial cells and the innate
immune response. ] Gen Virol 90: 2956-2964.

Gralinski LE, Sheahan TP, Morrison TE, Menachery VD,
Jensen K etal. (2018) Complement activation contributes
to severe acute respiratory syndrome coronavirus
pathogenesis. mBio 9(5): e01753-17518.

Eradicating the Pandemic. Virol Immunol ] 2021, 5(1): 000270.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Virology & Immunology Journal

van den Brand JM, Haagmans BL, van Riel D, Osterhaus
AD, Kuiken T (2014) The pathology and pathogenesis
of experimental severe acute respiratory syndrome and
influenza in animal models. ] Comp Pathol 151(1): 83-
112.

Haick AK, Rzepka JP, Brandon E, Balemba OB, Miura TA
(2014) Neutrophils are needed for an effective immune
response against pulmonary rat coronavirus infection,
but also contribute to pathology. ] Gen Virol 95(Pt 3):
578-590.

Li X, Zai ], Zhao Q, Nie Q, Li Y, et al. (2020) Evolutionary
history, potential intermediate animal host, and cross-
species analyses of SARS-CoV-2.] Med Virol 92: 602-611.

Abou El Hassan H, Zaraket H (2017) Viral-derived
complement inhibitors: current status and potential
role in immunomodulation. Exp Biol Med (Maywood, NJ)
242(4): 397-410.

Sang Y, Miller LC, Blecha F (2015) Macrophage
polarization in virus-host interactions. ] Clin Cell
Immunol 6(2): 311.

Negishi H, Taniguchi T, Yanai H (2018) The interferon
(IFN) class of cytokines and the IFN regulatory factor
(IRF) transcription factor family. Cold Spring Harb
Perspect Biol 10(11): a028423.

Schoggins JW (2019) Interferon-stimulated genes: what
do they all do? Annu Rev Virol 6(1): 567-584.

Birra D, Benucci M, Landolfi L, Merchionda A, Loi G,
et al. (2020) COVID 19: a clue from innate immunity.
Immunologic Research 68(3): 161-168.

Fensterl V, Chattopadhyay S, Sen GC (2015) No love lost
between viruses and Interferons. Annu Rev Virol 2(1):
549-572.

Shuai H, ChuH, Hou Y etal. Differential immune activation
profile of SARS-CoV-2 and SARS-COV infection in human
lung and intestinal cells: Implications for treatment with
IFN- B and IFN inducer. Journal of Infection 81(4): 1-10.

Borden EC, Sen GC, Uze G, Silverman RH, Ransohoff RM,
et al. (2007) Interferons at age 50: past, current and
future impact on biomedicine. Nat Rev Drug Discov
6(12): 975-990.

Bergmann CC, Robert H, Silverman RH (2020) COVID-19:
Coronavirus replication, pathogenesis, and therapeutic
strategies. Cleveland Clinic Journal of Medicine 87(6).

Lee BL, Barton GM (2014) Trafficking of endosomal toll-
like receptors. Trends Cell Biol 24(6): 360-369.

Copyright© Edem EN, etal.


https://medwinpublishers.com/VIJ
https://mbio.asm.org/content/4/1/e00620-12
https://mbio.asm.org/content/4/1/e00620-12
https://mbio.asm.org/content/4/1/e00620-12
https://mbio.asm.org/content/4/1/e00620-12
https://pubmed.ncbi.nlm.nih.gov/24012996/
https://pubmed.ncbi.nlm.nih.gov/24012996/
https://pubmed.ncbi.nlm.nih.gov/24012996/
https://pubmed.ncbi.nlm.nih.gov/17928347/
https://pubmed.ncbi.nlm.nih.gov/17928347/
https://pubmed.ncbi.nlm.nih.gov/17928347/
https://pubmed.ncbi.nlm.nih.gov/17928347/
https://pubmed.ncbi.nlm.nih.gov/17928347/
https://pubmed.ncbi.nlm.nih.gov/29247988/
https://pubmed.ncbi.nlm.nih.gov/29247988/
https://pubmed.ncbi.nlm.nih.gov/29247988/
https://pubmed.ncbi.nlm.nih.gov/32284615/
https://pubmed.ncbi.nlm.nih.gov/32284615/
https://pubmed.ncbi.nlm.nih.gov/32284615/
https://pubmed.ncbi.nlm.nih.gov/32088858/
https://pubmed.ncbi.nlm.nih.gov/32088858/
https://pubmed.ncbi.nlm.nih.gov/32088858/
https://pubmed.ncbi.nlm.nih.gov/32267072/
https://pubmed.ncbi.nlm.nih.gov/32267072/
https://pubmed.ncbi.nlm.nih.gov/32267072/
https://pubmed.ncbi.nlm.nih.gov/32267072/
https://pubmed.ncbi.nlm.nih.gov/32267081/
https://pubmed.ncbi.nlm.nih.gov/32267081/
https://pubmed.ncbi.nlm.nih.gov/32267081/
https://pubmed.ncbi.nlm.nih.gov/32267081/
https://pubmed.ncbi.nlm.nih.gov/32376597/
https://pubmed.ncbi.nlm.nih.gov/32376597/
https://pubmed.ncbi.nlm.nih.gov/32376597/
https://pubmed.ncbi.nlm.nih.gov/32376597/
https://pubmed.ncbi.nlm.nih.gov/32376597/
https://pubmed.ncbi.nlm.nih.gov/14698224/
https://pubmed.ncbi.nlm.nih.gov/14698224/
https://pubmed.ncbi.nlm.nih.gov/14698224/
https://pubmed.ncbi.nlm.nih.gov/19741068/
https://pubmed.ncbi.nlm.nih.gov/19741068/
https://pubmed.ncbi.nlm.nih.gov/19741068/
https://pubmed.ncbi.nlm.nih.gov/19741068/
https://pubmed.ncbi.nlm.nih.gov/30301856/
https://pubmed.ncbi.nlm.nih.gov/30301856/
https://pubmed.ncbi.nlm.nih.gov/30301856/
https://pubmed.ncbi.nlm.nih.gov/30301856/
https://pubmed.ncbi.nlm.nih.gov/24581932/
https://pubmed.ncbi.nlm.nih.gov/24581932/
https://pubmed.ncbi.nlm.nih.gov/24581932/
https://pubmed.ncbi.nlm.nih.gov/24581932/
https://pubmed.ncbi.nlm.nih.gov/24581932/
https://pubmed.ncbi.nlm.nih.gov/24323639/
https://pubmed.ncbi.nlm.nih.gov/24323639/
https://pubmed.ncbi.nlm.nih.gov/24323639/
https://pubmed.ncbi.nlm.nih.gov/24323639/
https://pubmed.ncbi.nlm.nih.gov/24323639/
https://pubmed.ncbi.nlm.nih.gov/32104911/
https://pubmed.ncbi.nlm.nih.gov/32104911/
https://pubmed.ncbi.nlm.nih.gov/32104911/
https://pubmed.ncbi.nlm.nih.gov/27798122/
https://pubmed.ncbi.nlm.nih.gov/27798122/
https://pubmed.ncbi.nlm.nih.gov/27798122/
https://pubmed.ncbi.nlm.nih.gov/27798122/
https://pubmed.ncbi.nlm.nih.gov/26213635/
https://pubmed.ncbi.nlm.nih.gov/26213635/
https://pubmed.ncbi.nlm.nih.gov/26213635/
https://pubmed.ncbi.nlm.nih.gov/28963109/
https://pubmed.ncbi.nlm.nih.gov/28963109/
https://pubmed.ncbi.nlm.nih.gov/28963109/
https://pubmed.ncbi.nlm.nih.gov/28963109/
https://pubmed.ncbi.nlm.nih.gov/31283436/
https://pubmed.ncbi.nlm.nih.gov/31283436/
https://pubmed.ncbi.nlm.nih.gov/32524333/
https://pubmed.ncbi.nlm.nih.gov/32524333/
https://pubmed.ncbi.nlm.nih.gov/32524333/
https://pubmed.ncbi.nlm.nih.gov/26958928/
https://pubmed.ncbi.nlm.nih.gov/26958928/
https://pubmed.ncbi.nlm.nih.gov/26958928/
https://www.sciencedirect.com/science/article/abs/pii/S0163445320304904
https://www.sciencedirect.com/science/article/abs/pii/S0163445320304904
https://www.sciencedirect.com/science/article/abs/pii/S0163445320304904
https://www.sciencedirect.com/science/article/abs/pii/S0163445320304904
https://pubmed.ncbi.nlm.nih.gov/18049472/
https://pubmed.ncbi.nlm.nih.gov/18049472/
https://pubmed.ncbi.nlm.nih.gov/18049472/
https://pubmed.ncbi.nlm.nih.gov/18049472/
https://www.ccjm.org/content/87/6/321
https://www.ccjm.org/content/87/6/321
https://www.ccjm.org/content/87/6/321
https://pubmed.ncbi.nlm.nih.gov/24439965/
https://pubmed.ncbi.nlm.nih.gov/24439965/

74.

75.

76.

77.

78.

79.

80.

Edem EN, et al. Coronavirus Disease (COVID-19) Infection and Innate Imnmuno-Response: Pathway to

Barral PM et al (2009) Functions of the cytoplasmic
RNA sensors RIG-I and MDA-5: key regulators of innate
immunity. Pharmacol Ther 124(2): 219-234.

Wong LY, Lui PY, Jin DY A (2016) molecular arms race
between host innate antiviral response and emerging
human coronaviruses. Virol Sin 31(1): 12-23.

Gale M (2018) Looking forward in interferon and
cytokine research: defining effector genes of interferon
and cytokine actions. ] Interf Cytokine Res 38(6): 235.

Volk A, HackbartM, DengX, Cruz Pulido Y, Baker SC (2020)
Coronavirus endoribonuclease and deubiquitinating
interferon antagonists differentially modulate the host
response during replication in macrophages. ] Virol JVI.

Zhou Z, Ren L, Zhang L, Zhong ], Xiao Y, et al. (2020)
Overly exuberant innate immune response to SARS-
CoV-2 infection.

Chen Y, Shan K, Qian W (2020) Asians and other races
express similar levels of and share the same genetic
polymorphisms of the SARS-CoV-2 cell-entry receptor.
Preprints.

Higgins PG, Phillpotts R], Scott GM, Wallace ], Bernhardt
LL, et al. (1983) Intranasal interferon as protection
against experimental respiratory coronavirus infection
in volunteers. Antimicrob Agents Chemother 24(5): 713-
715.

Eradicating the Pandemic. Virol Immunol ] 2021, 5(1): 000270.

81.

82.

83.

84.

85.

86.

87.

88.

Virology & Immunology Journal

Iwasaki A (2012) A virological view of innate immune
recognition. Annu Rev Microbiol 66:177-196.

Kawai T, Akira S (2011) Toll-like receptors and their
crosstalk with other innate receptors in infection and
immunity. Immunity 34(5): 637-650.

Lester SN, Li K (2014) Toll-like receptors in antiviral
innate immunity. ] Mol Biol 426(6): 1246-1264.

Lui PY, Wong LY, Fung CL, Siu KL, Yeung ML, Yuen KS, et al.
(2016) Middle East respiratory syndrome coronavirus M
protein suppresses type I interferon expression through
the inhibition of TBK1-dependent phosphorylation of
IRF3. Emerg Microbes Infect 5(4): e39.

Nan Y, Wu C, Zhang Y] (2017) Interplay between Janus
Kinase/signal transducer and activator of transcription
signaling activated by type [ interferons and viral
antagonism. Front Immunol 8:1758-1758

Samuel CE (2001) Antiviral actions of interferons. Clin
Microbiol Rev 14(4): 778-809.

Wang X, Xu W, Hu G, Xia S, Sun Z, et al. (2020) SARS-
CoV-2 infects T lymphocytes through its spike protein-
mediated membrane fusion. Cell Mol Immunol 7: 1-3.

Xu Z, Shi L, Wang Y, Zhang ], Huang L, et al. (2020)
Pathological findings of COVID-19 associated with acute
respiratory distress syndrome. Lancet Respir Med 8(4):
420-422.

Copyright© Edem EN, etal.


https://medwinpublishers.com/VIJ
https://pubmed.ncbi.nlm.nih.gov/19615405/
https://pubmed.ncbi.nlm.nih.gov/19615405/
https://pubmed.ncbi.nlm.nih.gov/19615405/
https://pubmed.ncbi.nlm.nih.gov/26786772/
https://pubmed.ncbi.nlm.nih.gov/26786772/
https://pubmed.ncbi.nlm.nih.gov/26786772/
https://pubmed.ncbi.nlm.nih.gov/29920132/
https://pubmed.ncbi.nlm.nih.gov/29920132/
https://pubmed.ncbi.nlm.nih.gov/29920132/
https://www.biorxiv.org/content/10.1101/782409v1.full
https://www.biorxiv.org/content/10.1101/782409v1.full
https://www.biorxiv.org/content/10.1101/782409v1.full
https://www.biorxiv.org/content/10.1101/782409v1.full
http://ndl.iitkgp.ac.in/document/c1IxWW9VTTVSc0RNV2ZkSUwxcjhiNkNYczdySVpYWDd6SHk0Q1l4RXd4Yz0
http://ndl.iitkgp.ac.in/document/c1IxWW9VTTVSc0RNV2ZkSUwxcjhiNkNYczdySVpYWDd6SHk0Q1l4RXd4Yz0
http://ndl.iitkgp.ac.in/document/c1IxWW9VTTVSc0RNV2ZkSUwxcjhiNkNYczdySVpYWDd6SHk0Q1l4RXd4Yz0
https://www.preprints.org/manuscript/202002.0258/v1
https://www.preprints.org/manuscript/202002.0258/v1
https://www.preprints.org/manuscript/202002.0258/v1
https://www.preprints.org/manuscript/202002.0258/v1
https://pubmed.ncbi.nlm.nih.gov/6318655/
https://pubmed.ncbi.nlm.nih.gov/6318655/
https://pubmed.ncbi.nlm.nih.gov/6318655/
https://pubmed.ncbi.nlm.nih.gov/6318655/
https://pubmed.ncbi.nlm.nih.gov/6318655/
https://pubmed.ncbi.nlm.nih.gov/22994491/
https://pubmed.ncbi.nlm.nih.gov/22994491/
https://pubmed.ncbi.nlm.nih.gov/21616434/
https://pubmed.ncbi.nlm.nih.gov/21616434/
https://pubmed.ncbi.nlm.nih.gov/21616434/
https://pubmed.ncbi.nlm.nih.gov/24316048/
https://pubmed.ncbi.nlm.nih.gov/24316048/
https://pubmed.ncbi.nlm.nih.gov/27094905/
https://pubmed.ncbi.nlm.nih.gov/27094905/
https://pubmed.ncbi.nlm.nih.gov/27094905/
https://pubmed.ncbi.nlm.nih.gov/27094905/
https://pubmed.ncbi.nlm.nih.gov/27094905/
https://pubmed.ncbi.nlm.nih.gov/29312301/
https://pubmed.ncbi.nlm.nih.gov/29312301/
https://pubmed.ncbi.nlm.nih.gov/29312301/
https://pubmed.ncbi.nlm.nih.gov/29312301/
https://pubmed.ncbi.nlm.nih.gov/29312301/
https://pubmed.ncbi.nlm.nih.gov/29312301/
https://pubmed.ncbi.nlm.nih.gov/32265513/
https://pubmed.ncbi.nlm.nih.gov/32265513/
https://pubmed.ncbi.nlm.nih.gov/32265513/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://creativecommons.org/licenses/by/4.0/

	Abstract
	Introduction
	SARS-Cov-2 Receptors, Attachment and Replication
	SARS-Cov-2 and Innate Immune Response
	Macrophages Responses to COVID-19 Infection
	Dendritic Cells and COVID-19
	COVID-19 and Neutrophils
	COVID-19 Interaction with Complement System
	Covid-19 Interaction with Interferons 

	Conclusion
	References

