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A B S T R A C T: 
The immunopathogenesis of Coronaviruses (CoVs) is still under study. The innate immunity components can differentiate self 

and non-self-antigens, help viral particle recognition, and restrict viral replication by producing antiviral proteins. Induction of 

antiviral innate immune responses against SARS CoV-2 commonly depends on recognizing pathogen-associated molecular 

pattern molecules (PAMPs) by pattern recognition receptors (PRRs). PAMPs mount the activation of Toll-Like Receptors (TLR) 

cascade and initiate transcription factors, involving Nuclear Factor- κB (NF-Κb), Interferon Regulatory Factors (IRF3), and 

(IRF7), which results in the synthesize of Interferons (IFN) type I Subsequently, type I IFN inhibits viral replications, regulates, 

and modulates the immune system. Dendritic cells (DCs) reside in the respiratory tract. They can recognize viral particles via TLR 

and initiate innate and adaptive immunity and repress viral spreads through IFN production. barrier of TLR, impediment of IFN 

expression, and/or lack of innate immune responses may be associated with tissue destruction after viral elimination. Here, 

emerging the reviews knowledge on the mechanism of non-specific immune responses against SARS-COV-2. 
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1.INTRODUCTION: 

 

Respiratory tract infections represent a 

considerable high threat and cause significant 

morbidity and mortality rates worldwide, 

especially emerging pathogens such as influenza 

virus type A and Coronavirus (CoVs), which have 

caused minor to significant outbreaks of viral 

pneumonia worldwide (Perlman, 1998, Gillim-

Ross and Subbarao, 2006). 

The first person with CoV was diagnosed and 

identified on December 26, 2019. The 

epidemiological study revealed that the proposed 

outbreak was linked to a seafood market in 

Wuhan, Hubei province, China, by a newly  

 

 

 

emerged strain from the family of CoVs that  

causes respiratory illness, this CoV called 

Severe Acute Respiratory Syndrome Coronavirus-

2 (SARS-CoV-2) (Wu et al., 2020a). The whole 

RNA sequence of the virus was analyzed by 

phylogenetic analysis, and it is revealed that the 

virus is closely related to SARS-CoV (Wu et al., 

2020b). The new study reported that phylogenetic 

tree analysis of structural proteins is highly linked 

to human SARS-CoV received in various 

countries, particularly such strains isolated from 

China (Dimonte et al., 2020).  

Coronavirus has a large enveloped plus 

single-stranded RNA and is ball-shaped with a 

proximal 80-120 nm in diameter(Zhou et al., 

2020). It comprises a lipid membrane with 3 or 4 

glycoproteins (E), and a nucleocapsid (N). The 

spike protein (S), is responsible for attaching to 

the host-specific cell receptors (ACE2). Both 
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Membranes (M) and (E) are integral proteins that 

are necessary for Coronavirus maturation 

(Carabelli et al., 2023). The nucleocapsid (N) 

forms a protective shell that helps in the 

packaging of the viral genome, and it is also 

believed to have a participation in RNA  

duplication and transcription (Vennema et al., 

1996, Peiris et al., 2003, Kuo and Masters, 2002, 

Bosch et al., 2004).   

Furthermore, other respiratory viruses such as 

avian flu (H5N1) and CoVs (SARS-CoV, MERS-

CoV, and SARS-CoV-2) represents a continual 

risk for public health globally (Blbas et al., 2021). 

It is crucially important to understand virus-

dependent mechanisms and host-dependent 

immune responses which may determine the 

severity of respiratory infections, also, it is 

essential in the avoidance and treatment of viral 

respiratory tract diseases (Prompetchara et al., 

2020).  

Host immune responses of both specific and 

non-specific types are triggered following viral 

infections, which is crucially required for 

infection clearance (Tirelli et al., 2023). In many 

cases, immunopathogenesis is associated with 

uncontrollable immune responses, resulting in 

pulmonary tissue damage, as during SARS-CoV 

infection, the epithelial cells of bronchi and 

alveoli are destructed by macrophages and 

neutrophils due to the secretion of pro-

inflammatory cytokines (Interleukin-6), which 

contribute to inflammation and eventually death of 

the infected and uninfected cells by synthesizing 

toxic agents like oxygen species radical (Fraser et 

al., 2023, Ahmad et al., 2016). As tissue 

destruction, both hyper-activation and 

immunosuppression may occur, which affect viral 

elimination (Dandekar and Perlman, 2005). 

 

2. INNATE IMMUNE RESPONSES 

The innate immune system is one of the 

primary lines of the immune reaction (Varga et al., 

2019). The mitochondria participate in a wide 

range of innate immune response pathways, acting 

as signaling platforms and sharing effector 

reactions (Figure 1) after cellular damage; thus, 

mitochondria seem to work as central hubs in the 

innate immune system (West et al., 2011). 

The SARS-CoV-2 uses its essential proteins 

to pick up entrance into the host cell cytosol just 

as stifle signaling pathways, particularly with the 

Toll-like receptors (TLR) (Weiss and Navas-

Martin, 2005, Al-Zahrani, 2021). For the most 

part, the interaction occurs between the viral RNA 

with TLR7 and TLR3. This cooperation starts a 

signal cascade, including the transcriptional 

factors IRF3 and NFkB (Mukherjee et al., 2019). 

These factors are additionally translocated into the 

nuclei, activating of signal transduction of pro-

inflammatory cytokines and interferons (Wu et al., 

2020b). IFN, thus, activates the JAK-STAT 

pathway through the phosphorylation of STAT-1 

and -2. The familiar types of STAT-1 and -2 form 

additional structure buildings with IRF9 with the 

immediate arrival of dynamic IFN animating 

qualities (ISGs), bringing about massive 

concealment of viral duplications (Song et al., 

2019, Mariani et al., 2019). 

Several new studies note that SARS-CoV and 

SARS-CoV-2 target the same receptor of 

angiotensin-converting enzyme 2 (ACE2) for 

binding and entry into alveolar cells. Moreover, 

MERS-CoV identifies dipeptidyl peptidase-4 

(DPP-4) as a specific receptor target (Zhu et al., 

2020, Zhou et al., 2020). 

Activation of the innate immune response to 

the viral infection massively depends on the 

recognition of viral particles by Pattern 

Recognition Receptors (PRRs), such as Toll-like 

receptors (TLRs), nucleotide oligomerization 

domain (NOD)-like receptors (NLRs), C-type 

lectin receptors (CLRs) and retinoic acid-

inducible gene I (RIG-I)-like receptors (RLRs) 

(Hayden et al., 2006, Kerrigan and Brown, 2010).  

TLRs stimulate the production of IFN following 

activating the TLR cascade by PAMPs (Xagorari 

and Chlichlia, 2008).  

 

2.1. PATHOGEN RECOGNITION 

RECEPTORS 

2.1.1. TOLL-LIKE RECEPTORS 

Toll-like receptors are transmembrane 

proteins type I that are associated with innate 

immunity. Cells “of innate immunity recognize 

through  
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Figure 1.  Mitochondrial reactive oxygen species and innate immune responses illustrating a/antiviral responses b/ antibacterial 

responses adapted from (West et al., 2011). 

 

 

microbial infections, particularly the viral ones, 

PAMPs, which trigger intracellular signaling 

pathways and switching gene expression (Kiziltaş, 

2016). 

The variety of TLRs can recognize different 

PAMPs. For instance, TLR3 detects dsRNA and 

viral products, while TLR9 recognizes 

unmethylated CpG in the genome of viruses 

(Xagorari and Chlichlia, 2008). A tiny synthetic 

altered immune molecule, including imiquimod, 

R-848, loxoribine, and bropirimine, is detected by 

TLR7. The expression of TLR7 and TLR9 by 

dendritic cells (DCs) is in the response of TLR7 

and TLR9 ligands, then synthesizing a bulk of  

 

IFN such as IFNα and IFNβ and other pro-

inflammatory cytokines (Akira and Hemmi, 

2003). The research done by Diebold et al (2004) 

reported that inside the endosomes of alveolar 

macrophages, the viruses promote the forming of 

superoxide mediated by an enzyme known as 

NOX2-dependent NADPH oxidase with the aid of 

TLR7; the process was identified among several 

viruses such as HIV, RSV, rhinovirus, dengue 

virus, human parainfluenza virus. Additionally, 

hamper the receptors which transmit the signal to 

provoke the production of type Ⅰ IFN through the 

creation of hydrogen peroxide inside the 

endosome of phagocytic cells which creates the 

oxidation of Cys98 on TLR7” (To et al., 2017). 
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The human TLR is capable to identify 

viruses inside the endosome, triggering 

transcription factors “(NF-kB, IRF3, and IRF7), 

and inductions of interferon synthesis through the 

TIR domain. TIR complex including TLR-MyD88 

protein, recruits, and induction interleukin-1R-

associated kinase (IRAK) by phosphorylation. 

IRAK corresponded to TNF receptor-associated 

factor 6 (TRAF6) and induced an array of 

pathways that eventually turns to alteration of IFN 

gene expression (Xagorari and Chlichlia, 2008, 

Kiziltaş, 2016, Barton and Medzhitov, 2003) 

(Figure 2). SARS-CoV blocks the signaling of 

RNA sensors, and inhibits IRF3 gene 

transcription, either directly or indirectly, during 

ubiquitination and degeneration of RNA sensing 

adaptor molecules MAVS and TRAF3/6 (Kindler 

et al., 2016). Animal models reveal that 

impairment in TLR3 or TLR4 was fatal to SARS-

CoV infection (Totura et al., 2015). Consequently, 

TLR partners” with sensitivity to infectious 

disease, a mutation in single amino acid, 

eventually affect the immune response mechanism 

(Wang et al., 2014, Totura et al., 2015).   

 

2.1.2. (RIG-I)-LIKE RECEPTORS 

Retinoic acid-inducible gene I (RIG-I)-like 

receptors are a member of family DExD/H box 

RNA helicases, play a crucial role in viral RNA 

sensing infection and activate and modulate innate 

immune responses against the virus. RIG-I 

identifies RNA-virus stimulates the downstream 

signaling series, then induces a stress response, 

promoting RLP-mediated viral defense 

(Yoneyama et al., 2015).  Three types of RPL 

have been described in humans and mice, which 

consist of members RIG-I, melanoma 

differentiation-associated gene 5 (MDA5), and 

laboratory of genetics and physiology 2 (LGP2), 

within the endosome dsRNA sensed by TLR3, 

while in the cytosol by RIG-I and MDA5 

(Yoneyama et al., 2016).  

RPLs protein wildly displayed on most cells 

that function as downstream signal activation of 

transcriptional factor to run ISGs finally cause 

type IFN-1production, the expression of RPLs 

generally in resting cells at low levels, seems to be 

dramatically increased when encountering IFN 

and virus infection  (Loo and Gale Jr, 2011, Kang 

et al., 2004, Yoneyama et al., 2005).  

Despite stimulating IFN gene expression 

and production against viral infection, RPLs can 

also enhance the IFN-λ family of IL-10 cytokine 

expression collectively known as type III 

interferon and other pro-inflammatory cytokines, a 

significant role in controlling infections (Donnelly 

and Kotenko, 2010, Poeck et al., 2010). 

Viral RNA of CoV expresses proteins in the 

cytoplasm, recognized by RPL, and stimulates 

mitochondrial antiviral signaling which occurs in 

the cytokine synthesis, including IFNs to confine 

viral replication (Yoneyama et al., 2015). RIG-I 

has a DExD/H box RNA helicase structure and a 

C-terminal termination structure (CTD) and works 

together with MDA5, an N-terminal caspase 

recruitment structure (CARD) that impedes with 

MAVS downstream cascade. Viral RNA 

demonstrated by the C-terminal RNA helicase 

with CTD leads to configurational modifications 

that consume ATP to the formation of CARD 

interaction with MAVS, ultimately affecting the 

tumor necrosis factor receptor-associated factor 3 

(TRAF3). TRAF2/6 is further activated NF-κB 

through recruited MAVS. Results in the 

stimulation of IRF3 and binds to NF-κB IFN-β 

promoter and express IFN-β gene (Yoneyama et 

al., 2015, Loo and Gale Jr, 2011, Ford et al., 

2010).  

 

2.1.2. TYPE Ⅰ INTERFERONS 

Interferons (IFNs) are pro-inflammatory 

cytokines, functions required in body defense 

against microbial infections (Kovarik et al., 2008). 

Type Ⅰ IFN has anti-proliferative and antiviral 

activity through IFN receptors of cells, 

particularly plasmacytoid dendritic cells, followed 

by recognition of viral particles PRR. IFN α/β is 

activated by binding to the type I IFN alpha 

receptor (IFNAR), ultimately activating the signal 

transcription of interferon genes through the 

JAK/STAT pathway (Levy and Darnell, 2002).  

Attachment of type Ⅰ INF (IFNα and IFNβ) 

onto the cognate receptor leads to activation “JAK-

STAT pathway so that Janus kinases JAK1/TYK2  

to be turned on inside of cytosol by mediated of 

IFAR1 and IFAR2 on the surface of cells, 

followed by STAT and STAT2 phosphorylate 

finally create a complex with IRF9, after entering 

the nucleus induce the expression of antiviral gene 

programs (ISGs) (Bekisz et al., 2004), this 

signaling pathway is represented in” (Figure 2).  
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Figure 2. Mechanism of innate immune response mediates by Toll-like receptors and IFN type Ⅰ against CoV 

(app.biorender.com) 
 

Moreover, Muller et al. (1994) exhibited that mice 

IFNAR lacking are more vulnerable to viral 

infections , such as vesicular stomatitis virus 

(VSV). Besides, another investigation reported 

that when HBV infection, IFN-γ, and IL-2 are 

elevated significantly in the patient's serum 

decided that IFN-γ is required for host antiviral 

immunity against HBV infection, while “IL-4 and 

IL-10 which are secreted by T helper-2 cells are 

associated in the humoral immunity (Ahmed and 

Al-Barzinji, 2009, Ahmed and Al-Barzinji, 2011). 

ORF 6 protein of SARS-CoV suppresses IFN type 

1 production via inhibition of IFN-induced JAK-

STAT signaling and preventing the nuclear 

translocation of phosphorylated STAT1 and 

consequently hide from innate immunity response”  

 

(Perlman and Netland, 2009, Kopecky-Bromberg 

et al., 2007, Frieman et al., 2007). Please arrange  

the references according to the achievement years 

from older to newer ones. 

In a word done in 2006, it was reported “that 

MERS-CoV M protein and other non-structural 

proteins, such as ORF 4a, ORF 4b, and ORF 5, 

mediates IFN-β antagonism by the interference of 

interferon promoter and IRF-3 actions (García-

Sastre and Biron, 2006). Furthermore, it is 

determined in a bat that SARS-like coronavirus 

(SL-CoV) inhibits IFN production via IRF3b 

homologous with the same IFN “antagonism action 

as those realized in the human immune system 

(Zhou et al., 2012).  

In vitro studies revealed that administration “of 

IFN α or IFN β could suppress SARS-CoV 

replication, although it diminishes the severity of 
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SARS-CoV infection (Zheng et al., 2004, Spiegel 

et al., 2004, Cinatl et al., 2003). Another 

investigation in an animal model of SARS-CoV or 

MERS-CoV infection mentioned that hyper-

production of IFNs and monocyte-macrophage 

inflammatory cells increase innate immunity and 

results in pneumonia (Zumla et al., 2015, 

Prompetchara et al., 2020). Consequently, SARS-

CoV-2 shares more likely to SARS-CoV in its 

structure and genomic composition; therefore, we 

suppose interferon” type 1 might have the same 

block action as SARS-CoV-2 replications and 

reduce viral severity on the infected patients by 

stimulating an antiviral immune response.   

 

2.1.3. DENDRITIC CELLS (DCS) 

Dendritic cells (DC) are professional antigen-

presenting cells (APCs) that play a crucial role in 

host immunity by combining innate to adaptive 

immune responses (Galati et al., 2022). They can 

recognize emergency signal infected pathogens, 

followed by the activation of naive T 

lymphocytes, and trigger an immune response 

against infectious microbes. These cells via the 

TLR or other PRRs can recognize pathogenic 

particles  (Guermonprez et al., 2002, Lemaitre et 

al., 1996).   

Induction of myeloid DC with a TLR3 ligand 

poly (I: C), a synthetic analog of double-stranded 

viral RNA, is associated with the discharge of pro-

inflammatory cytokines by mDC1, but not by 

mDC2. These assumed another role for mDC1 in 

the recognition of viruses in the respiratory tract 

by innate immunity (Akesolo et al., 2022). 

It acts as antigen-presenting cells via MHC 

molecules to lymphocytes, and can identify 

antigens through TLR, such as bacterial DNA, 

dsRNA of a virus, and LPS (Xagorari and 

Chlichlia, 2008). After exposure to a foreign 

agent, they migrate to the T riches area of the 

lymph nodes and undergo maturation. It is 

mediated by T-cell stimulation that results in the 

upregulation of cell surface costimulatory 

molecules and MHC class I and II (Banchereau et 

al., 2000, Ali et al., 2022a). In a study done in 

2007, the role of plasmacytoid dendritic cells 

(pDCs) and pDC-derived IFNs class I on the 

immunopathogeneses of mouse hepatitis virus 

infection (MHV)was seen, in which pCD inhibits 

the replication of CoV that is mediated by 

production of type IFNs, pCD can detect MHV 

through TLR7 after exposure to RNA 

virusCervantes-Barragan et al. (2007). 

ACE-2 receptor is not expressed on DC; for 

this reason, endocytosis is mediated by 

macropinocytosis (Law et al., 2005), this could be 

done with the assistance of C-type lectins, such as 

CD209 (DC-SIGN), CD209L (L-SIGN), or 

CD206 (mannose receptor), and mannose 

involved in the spike structure of the CoV. 

Consequently, C-type (CD209L) protein may be 

associated with the other form of SARS-CoV 

entering the cells (Marzi et al., 2004, Jeffers et al., 

2004).  

Yang with co-workers in 2004, illustrated that 

DC could engulf SARS-CoV, then transfer it to 

susceptible cells in the lung that have a vital role 

in developing SARS-CoV disease in the host. It is 

also concluded that DCs serve as a reservoir of 

viruses and share with chronic infection. In 

consequence, it may influence antigen 

presentation and eventually influence SARS-CoV 

antibody-mediated immunity (Yang et al., 2004).  

The report conducted by Tseng et al. (2005) 

demonstrated that DC aborts to initiate vigorous 

IFN response but leads to the up-regulation of pro-

inflammatory cytokines and chemokines. MERS-

CoV could infect a wide range of immune cells, 

including monocyte and T cells, that it also could 

be infected DC. The efficiency of MERS-CoV in 

DC infection might refer to the numerous DPP4 

cellular receptors found on activated white blood 

cells (Raj et al., 2013). 

 

3. EVADE OF CORONAVIRUS FROM     

INNATE IMMUNE RESPONSES 

The receptors of innate immunity can 

discriminate between self and non-self-antigens, 

involve in viral particle recognition, and restrict 

viral replications through antiviral protein 

expressions (Prompetchara et al., 2020).  Several 

cytoplasmic viruses including CoVs, evade from 

the innate body defenses by hiding their viral 

components and delimitating encounters with 

sensors or by blocking the effects of interferons 

mediated by the expression of viral antagonists 

(Kindler et al., 2016).  

CoVs can practice different strategies to elude 

innate immune responses  (Figure 3), particularly 

type I IFN responses, and intensify disease 

severity (Channappanavar et al., 2016). The 

studies conducted by a group of researchers in 
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2007 described that ORF3a and ORF6 proteins 

interfere with type I IFN generation by 

diminishing the IFNAR levels via proteolytic 

degeneration and ubiquitination and prevent 

STAT1 nuclear import sequentially  (Kopecky-

Bromberg et al. (2007). In MERS-CoV, ORF4a is 

the protein that suppresses IFN induction by 

interacting with the viral genome and the 

cofactors Protein Activator (PACT) RLR (Totura 

et al., 2015). Additionally, CoVs ORF3b 

antagonizes to IFN type I signaling cascade and 

eventually interferes and inhibits the pathway of 

effector cell activation that requires destruction 

and aborts viral replication (Freundt et al., 2009). 

Furthermore, SARS-CoV papain-like protease 

(PLP) can obstruct IFN signaling by a 

deteriorating pathway of IRF3  and NF-κB 

phosphorylation and nuclear translocation by the 

system (Sun et al., 2012). 

Coronavirus nonstructural proteins are needed 

for replication of the virus in addition to 

neutralizing innate immune responses. The nsp1 

proteins of SARS-CoV capable of impeding and 

cooperating with translational machinery 

bioactivity of the host through binding to the 

small ribosome subunit, suggesting that CoV nsp1 

play a critical role in the viral pathogenicity (Zust 

et al., 2007, Kamitani et al., 2009). CoV nsp15, 

which EndoU designates, has endoribonuclease 

activity and antagonist to IFN, which mimic 

XendoU cellular endoribonuclease, suggested that 

EndoU was vital viral RNA replication in cell 

culture (Deng et al., 2019, Ivanov et al., 2004); the 

investigations was explained that the action of 

EndoU is necessary to reduce viral RNA sensing 

by MDA5 (Kindler et al., 2017). A study done in 

2020 by Hackbart et al. (2020) explained that the 

activity of CoV EndoU reduces the intensification 

of the polyuridine (PolyU) on 5′-PolyU negative-

sense RNAs, assuming that the machinery of 

EndoU able to break PolyU and cooperate with 

MDA5 activity finally repress initiate of antiviral 

innate immune responses (Hackbart et al. (2020).  

Dodging of SARS-CoV from innate immune 

responses needs avoidance of viral PAMPS 

recognized by cellular PRRs. During viral 

replications, dsRNA intermediates partitions 

accumulated inside of vesicles may be masking 

and cover the viral components from exposure by 

cytosolic PRRs (Snijder et al., 2006, Knoops et 

al., 2008). One-point variations between 

eukaryotic mRNAs from viral mRNAs lack a 

5′cap in mRNAs of viruses, although unusual 

viruses similar to the host can cap mRNA 

structure. SARS-CoV nsp14 guanine-N7-

methyltransferase action is the first step to 

building an RNA cap that structurally mimics to 

host RNA cap; consequently, discrimination of 

viral mRNAs from host mRNAs is more difficult 

by the innate host immunity (Lou and Rao, 2022, 

Ali et al., 2022b). 

Understanding the mechanisms of CoV 

evasion from innate immunity support to design 

and development of new targets of antiviral drugs, 

other than non-structural proteins, structural 

proteins of CoVs have been identified as impeding 

IFN signaling and production (Zhang et al., 2022).  

SARS-CoV N protein seems to be hampered 

by IFN synthesis, supposed that N protein 

interacts with RNA identification immune sensors 

for an instant; MAD5 and RIG-Ⅰ eventually act as 

an inhibitor in IFN production. Additionally, the 

M protein of CoVs interacts with IFN type Ⅰ 

production effect like N protein has been shown to 

inhibit IFN signaling. SARS-CoV M protein 

showed associated down-regulate IFN production 

by blocking TRAF3·TANK·TBK1/IKKε complex 

formation, although IFN production blocked by 

MERS-CoV M protein suggested that M protein 

blocking IRF3 translocation into the nucleus (Lu 

et al., 2011, Siu et al., 2009, Yang et al., 2013). 

CoV obstructs several steps during an initial non-

specific immune response, including RNA sensing 

(1,2), signaling pathways of type 1 IFN synthesize 

(3), STAT 1/2 trigger downstream activation of 

IFN/IFNAR (4) (Kumar et al., 2020). 

 

4. CONCLUSION 

The breakout of SARS-CoV-2 leads to a 

global public health crisis. Coronaviruses infect 

epithelial cells in the lungs and deteriorate tissues 

by attracting inflammatory cells by pro-

inflammatory cytokines and causing pneumonia. 

The receptors of innate immune systems can 

recognize viruses through PAMPs and reduce 

viral spread through antiviral responses mediated 

by TLR and type Ⅰ IFNs Although DCs are 

powerful antigen-presenting cell that resides in 

most tissues, and determines coronavirus particles 

with the aid of CD209L and finally for virus 

clearance from host tissues. 
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Figure 3. Mechanism of SARS-CoV escaping from innate immune responses by SARS-CoV. CoV obstructs several steps 

during the initial non-specific immune response including RNA sensing (1, 2), signaling pathways of type 1 IFN 

synthesize (3), STAT 1/2 trigger downstream activation of IFN/IFNAR (4) (Kumar et al., 2020). 

 

.  

Coronaviruses can evade themselves from 

innate body defenses by hiding their viral 

components and delimitating encounters with 

sensors or by inhibiting the effects of IFN 

mediated by the expression of viral antagonists. 

The studies revealed that type ⅠIFNs effectively 

suppress viral replications; therefore, we assumed 

that administration of IFN type Ⅰ might aid in the 

patient's healing and elimination of the virus.  

Besides, we demonstrate the known scope of 

activities of humans, special immune cells in 

innate immunity, and may probably combine with 

viruses including SARS-CoV-2. Additionally, we 

give an outline of COVID-19 in which they may 

be involved in the context of immunity. 

 

ACKNOWLEDGMENTS 

We acknowledge the presidency of the 

university and the head of the department of 

Medical Microbiology for their great help and 

academic support in performing this investigation. 

 

Conflict of Interest 

No author reports any conflicts of interest that are 

related to this article. 

 

 
References 

 

AHMAD, H. A., FARES, K. K. & AL-BARZINJI, R. M. 

2016. Cytomegalovirus seropositivity among 

voluntary blood donors in Koya. Journal of 

Rasparin University, 3, 73-78. 

AHMED, H. A.-R. & AL-BARZINJI, R. M. 2009. 

Estimation of T-helper 1 Cytokines (IFN-y and TL-

2) in HBV Infected patients and Individuals 

vaccinated with Recombinant HB Vaccine. Zanco 

Journal of Medical Sciences, 13, 50-56. 

AHMED, H. A.-R. & AL-BARZINJI, R. M. 2011. 

Estimation of some T-helper 2 cytokines (IL-4 and 

IL-10) in HBV Infected Patients and Individuals 



Ahmad  H.& Fares K.  /ZJPAS: 2023, 35(4): 180-191 
188 

 

ZANCO Journal of Pure and Applied Sciences 2023 

   
 

 
 

Vaccinated with Recombinant HB Vaccine. Tikrit 

Journal of Pure Science, 16. 

AKESOLO, O., BUEY, B., BELTRÁN-VISIEDO, M., 

GIRALDOS, D., MARZO, I. & LATORRE, E. 

2022. Toll-like receptors: new targets for multiple 

myeloma treatment? iochemical Pharmacology, 

114992. 

AKIRA, S. & HEMMI, H. 2003. Recognition of pathogen-

associated molecular patterns by TLR family. 

Immunology letters, 85, 85-95. 

AL-ZAHRANI, J. 2021. SARS-CoV-2 associated COVID-

19 in geriatric population: A brief narrative review. 

Saudi Journal of Biological Sciences, 28, 738. 

ALI, S. H., BABAKIR-MINA, M. & AHMAD, H. A. J. J. 

O. P. N. R. 2022a. Epidemiology and 

Hematological study of certain enteric bacteria 

Isolated from Children with Acute Diarrhea in 

Sulaymania and Erbil Governarates/Iraq. Journal of 

Pharmaceutical Negative Results, 13, 2141-2154. 

ALI, S. H., BABAKIR-MINA, M., SOOR, T. A. H., 

AHMAD, H. A. J. E. A. J. O. B. S., E. MEDICAL 

ENTOMOLOGY & PARASITOLOGY 2022b. 

Molecular Characterization of Escherichia coli 

Isolated from Children Who Have Acute Diarrhea 

in Different Iraqi Kurdistan Hospitals. Egyptian 

Academic Journal of Biological Sciences, E. 

Medical Entomology Parasitology, 14, 75-85. 

BANCHEREAU, J., BRIERE, F., CAUX, C., DAVOUST, 

J., LEBECQUE, S., LIU, Y.-J., PULENDRAN, B. 

& PALUCKA, K. 2000. Immunobiology of 

dendritic cells. Annual review of immunology, 18, 

767-811. 

BARTON, G. M. & MEDZHITOV, R. 2003. Toll-like 

receptor signaling pathways. Science, 300, 1524-

1525. 

BEKISZ, J., SCHMEISSER, H., HERNANDEZ, J., 

GOLDMAN, N. D. & ZOON, K. C. 2004. Mini 

ReviewHuman Interferons Alpha, Beta and Omega. 

Growth factors, 22, 243-251. 

BLBAS, S. S., AHMAD, H. A., HAWEZY, D. J., 

SHAWGERY, H. & BAHADIN, H. N. 2021. 

Seroprevalence of Severe Acute Respiratory 

Syndrome-Coronavirus-2 Immunoglobulin M and 

Immunoglobulin G Antibodies among the 

Population of Koya University. ARO-The Scientific 

Journal of Koya University, 9, 51-57. 

BOSCH, B. J., MARTINA, B. E., VAN DER ZEE, R., 

LEPAULT, J., HAIJEMA, B. J., VERSLUIS, C., 

HECK, A. J., DE GROOT, R., OSTERHAUS, A. 

D. & ROTTIER, P. J. 2004. Severe acute 

respiratory syndrome coronavirus (SARS-CoV) 

infection inhibition using spike protein heptad 

repeat-derived peptides. Proceedings of the 

National Academy of Sciences, 101, 8455-8460. 

CARABELLI, A. M., PEACOCK, T. P., THORNE, L. G., 

HARVEY, W. T., HUGHES, J., 6, C.-G. U. C. D. 

S. T. I., PEACOCK, S. J., BARCLAY, W. S., DE 

SILVA, T. I. & TOWERS, G. J. 2023. SARS-CoV-

2 variant biology: immune escape, transmission 

and fitness. Nature Reviews Microbiology, 21, 1-

16. 

CERVANTES-BARRAGAN, L.,   ST, R., WEBER, F., 

SPIEGEL, M., LANG, K. S., AKIRA, S., THIEL, 

V. & LUDEWIG, B. 2007. Control of coronavirus 

infection through plasmacytoid dendritic-cell–

derived type I interferon. Blood, 109, 1131-1137. 

CHANNAPPANAVAR, R., FEHR, ANTHONY R., VIJAY, 

R., MACK, M., ZHAO, J., MEYERHOLZ, 

DAVID K. & PERLMAN, S. 2016. Dysregulated 

Type I Interferon and Inflammatory Monocyte-

Macrophage Responses Cause Lethal Pneumonia in 

SARS-CoV-Infected Mice. Cell Host & Microbe, 

19, 181-193. 

CINATL, J., MORGENSTERN, B., BAUER, G., 

CHANDRA, P., RABENAU, H. & DOERR, H. 

2003. Treatment of SARS with human interferons. 

The Lancet, 362, 293-294. 

DANDEKAR, A. A. & PERLMAN, S. 2005. 

Immunopathogenesis of coronavirus infections: 

implications for SARS. Nature reviews 

immunology, 5, 917-927. 

DENG, X., VAN GEELEN, A., BUCKLEY, A. C., 

O’BRIEN, A., PILLAT KI, A., LAGER, K. M., 

FAABERG, K. S. & BAKER, S. C. 2019. 

Coronavirus endoribonuclease activity in porcine 

epidemic diarrhea virus suppresses type I and type 

III interferon responses. Journal of virology, 93, 

e02000-18. 

DIEBOLD, S. S., KAISHO, T., HEMMI, H., AKIRA, S. & 

E SOUSA, C. R. 2004. Innate antiviral responses 

by means of TLR7-mediated recognition of single-

stranded RNA. Science, 303, 1529-1531. 

DIMONTE, S., JALAL, P. J., AHMAD, H. A., KARIM, S. 

B., SOOR, T. A. H., ALI, S. I., BABAKIR-MINA, 

M. & GRECO, F. 2020. Is The SARS-CoV2 

Evolved in Human Being: A prospective Genetic 

Analysis. Kurdistan Journal of Applied Research, 

169-177. 

DONNELLY, R. P. & KOTENKO, S. V. 2010. Interferon-

lambda: a new addition to an old family. Journal of 

Interferon Cytokine Research, 30, 555-564. 

FORD, E., THANOS, D. & ME 2010. The transcriptional 

code of human IFN-β gene expression. Biochimica 

et Biophysica Acta -Gene Regulatory, 1799, 328-

336. 

FRASER, R., ORTA-RESENDIZ, A., DOCKRELL, D., 

MÜLLER-TRUTWIN, M. & MAZEIN, A. 2023. 

Severe COVID-19 versus multisystem 

inflammatory syndrome: comparing two critical 

outcomes of SARS-CoV-2 infection. European 

Respiratory Review, 32. 

FREUNDT, E. C., YU, L., PARK, E., LENARDO, M. J. & 

XU, X.-N. 2009. Molecular determinants for 

subcellular localization of the severe acute 

respiratory syndrome coronavirus open reading 

frame 3b protein. Journal of virology, 83, 6631-

6640. 

FRIEMAN, M., YOUNT, B., HEISE, M., KOPECKY-

BROMBERG, S. A., PALESE, P. & BARIC, R. S. 

2007. Severe acute respiratory syndrome 

coronavirus ORF6 antagonizes STAT1 function by 

sequestering nuclear import factors on the rough 

endoplasmic reticulum/Golgi membrane. Journal 

of virology, 81, 9812-9824. 

GALATI, D., ZANOTTA, S., CAPITELLI, L. & 

BOCCHINO, M. 2022. A bird's eye view on the 



Ahmad  H.& Fares K.  /ZJPAS: 2023, 35(4): 180-191 
 189 

 

ZANCO Journal of Pure and Applied Sciences 2023 

 

    

   

  

 

role of dendritic cells in SARS‐CoV‐2 infection: 

Perspectives for immune‐based vaccines. Allergy, 

77, 100-110. 

GARCÍA-SASTRE, A. & BIRON, C. A. 2006. Type 1 

interferons and the virus-host relationship: a lesson 

in detente. Science, 312, 879-882. 

GILLIM-ROSS, L. & SUBBARAO, K. 2006. Emerging 

respiratory viruses: challenges and vaccine 

strategies. Clinical microbiology reviews, 19, 614-

636. 

GUERMONPREZ, P., VALLADEAU, J., ZITVOGEL, L., 

THÉRY, C. & AMIGORENA, S. 2002. Antigen 

presentation and T cell stimulation by dendritic 

cells. Annual review of immunology, 20, 621-667. 

HACKBART, M., DENG, X. & BAKER, S. C. 2020. 

Coronavirus endoribonuclease targets viral 

polyuridine sequences to evade activating host 

sensors. Proceedings of the National Academy of 

Sciences, 117, 8094-8103. 

HAYDEN, M., WEST, A. & GHOSH, S. 2006. NF-κ B and 

the immune response. Oncogene, 25, 6758-6780. 

IVANOV, K. A., HERTZIG, T., ROZANOV, M., BAYER, 

S., THIEL, V., GORBALENYA, A. E. & 

ZIEBUHR, J. 2004. Major genetic marker of 

nidoviruses encodes a replicative endoribonuclease. 

Proceedings of the National Academy of Sciences, 

101, 12694-12699. 

JEFFERS, S. A., TUSELL, S. M., GILLIM-ROSS, L., 

HEMMILA, E. M., ACHENBACH, J. E., 

BABCOCK, G. J., THOMAS, W. D., 

THACKRAY, L. B., YOUNG, M. D. & MASON, 

R. J. 2004. CD209L (L-SIGN) is a receptor for 

severe acute respiratory syndrome coronavirus. 

Proceedings of the National Academy of Sciences, 

101, 15748-15753. 

KAMITANI, W., HUANG, C., NARAYANAN, K., 

LOKUGAMAGE, K. G. & MAKINO, S. 2009. A 

two-pronged strategy to suppress host protein 

synthesis by SARS coronavirus Nsp1 protein. 

Nature structural molecular biology, 16, 1134. 

KANG, D.-C., GOPALKRISHNAN, R. V., LIN, L., 

RANDOLPH, A., VALERIE, K., PESTKA, S. & 

FISHER, P. B. 2004. Expression analysis and 

genomic characterization of human melanoma 

differentiation associated gene-5, mda-5: a novel 

type I interferon-responsive apoptosis-inducing 

gene. Oncogene, 23, 1789-1800. 

KERRIGAN, A. M. & BROWN, G. D. 2010. Syk‐coupled 

C‐type lectin receptors that mediate cellular 

activation via single tyrosine based activation 

motifs. Immunological reviews, 234, 335-352. 

KINDLER, E., GIL-CRUZ, C., SPANIER, J., LI, Y., 

WILHELM, J., RABOUW, H. H., ZÜST, R., 

HWANG, M., V’KOVSKI, P. & STALDER, H. 

2017. Early endonuclease-mediated evasion of 

RNA sensing ensures efficient coronavirus 

replication. PLoS pathogens, 13, e1006195. 

KINDLER, E., THIEL, V. & WEBER, F. 2016. Interaction 

of SARS and MERS coronaviruses with the 

antiviral interferon response. Advances in virus 

research. Elsevier. 

KI ILTAŞ, S. 2016. Toll-like receptors in pathophysiology 

of liver diseases. World Journal of Hepatology, 8, 

1354. 

KNOOPS, K., KIKKERT, M., VAN DEN WORM, S. H., 

ZEVENHOVEN-DOBBE, J. C., VAN DER 

MEER, Y., KOSTER, A. J., MOMMAAS, A. M. & 

SNIJDER, E. J. 2008. SARS-coronavirus 

replication is supported by a reticulovesicular 

network of modified endoplasmic reticulum. PLoS 

biology, 6. 

KOPECKY-BROMBERG, S. A., MARTÍNEZ-SOBRIDO, 

L., FRIEMAN, M., BARIC, R. A. & PALESE, P. 

S. 2007. Severe acute respiratory syndrome 

coronavirus open reading frame (ORF) 3b, ORF 6, 

and nucleocapsid proteins function as interferon 

antagonists. Journal of virology, 81, 548-557. 

KOVARIK, P., SAUER, I. & SCHALJO, B. 2008. 

Molecular mechanisms of the anti-inflammatory 

functions of interferons. Immunobiology, 212, 895-

901. 

KUMAR, S., NYODU, R., MAURYA, V. K. & SAXENA, 

S. K. 2020. Host Immune Response and 

Immunobiology of Human SARS-CoV-2 Infection. 

Coronavirus Disease 2019 (COVID-19). Springer. 

KUO, L. & MASTERS, P. S. 2002. Genetic evidence for a 

structural interaction between the carboxy termini 

of the membrane and nucleocapsid proteins of 

mouse hepatitis virus. Journal of virology, 76, 

4987-4999. 

LAW, H. K., CHEUNG, C. Y., NG, H. Y., SIA, S. F., 

CHAN, Y. O., LUK, W., NICHOLLS, J. M., 

PEIRIS, J. M. & LAU, Y. L. 2005. Chemokine up-

regulation in sars-coronavirus–infected, monocyte-

derived human dendritic cells. Blood, 106, 2366-

2374. 

LEMAITRE, B., NICOLAS, E., MICHAUT, L., 

REICHHART, J.-M. & HOFFMANN, J. A. 1996. 

The dorsoventral regulatory gene cassette 

spätzle/Toll/cactus controls the potent antifungal 

response in Drosophila adults. Cell, 86, 973-983. 

LEVY, D. E. & DARNELL, J. 2002. Stats: transcriptional 

control and biological impact. Nature reviews 

Molecular cell biology, 3, 651-662. 

LOO, Y.-M. & GALE JR, M. 2011. Immune signaling by 

RIG-I-like receptors. Immunity, 34, 680-692. 

LOU, Z. & RAO, Z. 2022. The life of SARS-CoV-2 inside 

cells: Replication–transcription complex assembly 

and function. Annual Review of Biochemistry, 91, 

381-401. 

LU, X., PAN, J. A., TAO, J. & GUO, D. 2011. SARS-CoV 

nucleocapsid protein antagonizes IFN-β response 

by targeting initial step of IFN-β induction 

pathway, and its C-terminal region is critical for the 

antagonism. Virus genes, 42, 37-45. 

MARIANI, M. K., DASMEH, P., FORTIN, A., CARON, 

E., KALAMUJIC, M., HARRISON, A. N., 

HOTEA, D. I., KASUMBA, D. M., CERVANTES-

ORTIZ, S. L. & MUKAWERA, E. 2019. The 

combination of IFN β and TNF induces an antiviral 

and immunoregulatory program via Non-Canonical 

pathways involving STAT2 and IRF9. Cells, 8, 

919. 



Ahmad  H.& Fares K.  /ZJPAS: 2023, 35(4): 180-191 
190 

 

ZANCO Journal of Pure and Applied Sciences 2023 

   
 

 
 

MARZI, A., GRAMBERG, T., SIMMONS, G., MÖLLER, 

P., RENNEKAMP, A. J., KRUMBIEGEL, M., 

GEIER, M., EISEMANN, J., TURZA, N. & 

SAUNIER, B. 2004. DC-SIGN and DC-SIGNR 

interact with the glycoprotein of Marburg virus and 

the S protein of severe acute respiratory syndrome 

coronavirus. Journal of virology, 78, 12090-12095. 

MUKHERJEE, S., HUDA, S. & SINHA BABU, S. P. 2019. 

Toll‐like receptor polymorphism in host immune 

response to infectious diseases: A review. 

Scandinavian journal of immunology, 90, e12771. 

MULLER, U., STEINHOFF, U., REIS, L., HEMMI, S., 

PAVLOVIC, J., ZINKERNAGEL, R. M. & 

AGUET, M. 1994. Functional role of type I and 

type II interferons in antiviral defense. Science, 

264, 1918-1921. 

PEIRIS, J. S. M., CHU, C.-M., CHENG, V. C.-C., CHAN, 

K., HUNG, I., POON, L. L., LAW, K.-I., TANG, 

B., HON, T. & CHAN, C. 2003. Clinical 

progression and viral load in a community outbreak 

of coronavirus-associated SARS pneumonia: a 

prospective study. The Lancet, 361, 1767-1772. 

PERLMAN, S. 1998. Pathogenesis of coronavirus-induced 

infections. Coronaviruses and Arteriviruses. 

Springer. 

PERLMAN, S. & NETLAND, J. 2009. Coronaviruses post-

SARS: update on replication and pathogenesis. 

Nature reviews microbiology, 7, 439-450. 

POECK, H., BSCHEIDER, M., GROSS, O., FINGER, K., 

ROTH, S., REBSAMEN, M., 

HANNESSCHLÄGER, N., SCHLEE, M., 

ROTHENFUSSER, S. & BARCHET, W. 2010. 

Recognition of RNA virus by RIG-I results in 

activation of CARD9 and inflammasome signaling 

for interleukin 1β production. Nature immunology, 

11, 63. 

PROMPETCHARA, E., KETLOY, C. & PALAGA, T. 

2020. Immune responses in COVID-19 and 

potential vaccines: Lessons learned from SARS and 

MERS epidemic. Asian Pac J Allergy Immunol, 38, 

1-9. 

RAJ, V. S., MOU, H., SMITS, S. L., DEKKERS, D. H., 

MÜLLER, M. A., DIJKMAN, R., MUTH, D., 

DEMMERS, J. A., ZAKI, A. & FOUCHIER, R. A. 

2013. Dipeptidyl peptidase 4 is a functional 

receptor for the emerging human coronavirus-

EMC. Nature, 495, 251-254. 

SIU, K.-L., KOK, K.-H., NG, M.-H. J., POON, V. K., 

YUEN, K.-Y., ZHENG, B.-J. & JIN, D.-Y. 2009. 

Severe acute respiratory syndrome coronavirus M 

protein inhibits type I interferon production by 

impeding the formation of TRAF3· TANK· 

TBK1/IKKϵ complex. Journal of Biological 

Chemistry, 284, 16202-16209. 

SNIJDER, E. J., VAN DER MEER, Y., ZEVENHOVEN-

DOBBE, J., ONDERWATER, J. J., VAN DER 

MEULEN, J., KOERTEN, H. K. & MOMMAAS, 

A. M. 2006. Ultrastructure and origin of membrane 

vesicles associated with the severe acute respiratory 

syndrome coronavirus replication complex. Journal 

of virology, 80, 5927-5940. 

SONG, Z., XU, Y., BAO, L., ZHANG, L., YU, P., QU, Y., 

ZHU, H., ZHAO, W., HAN, Y. & QIN, C. 2019. 

From SARS to MERS, thrusting coronaviruses into 

the spotlight. Viruses, 11, 59. 

SPIEGEL, M., PICHLMAIR, A., MÜHLBERGER, E., 

HALLER, O. & WEBER, F. 2004. The antiviral 

effect of interferon-beta against SARS-coronavirus 

is not mediated by MxA protein. Journal of clinical 

virology, 30, 211-213. 

SUN, L., XING, Y., CHEN, X., ZHENG, Y., YANG, Y., 

NICHOLS, D. B., CLEMENTZ, M. A., BANACH, 

B. S., LI, K. & BAKER, S. C. 2012. Coronavirus 

papain-like proteases negatively regulate antiviral 

innate immune response through disruption of 

STING-mediated signaling. PloS one, 7. 

TIRELLI, C., DE AMICI, M., ALBRICI, C., MIRA, S., 

NALESSO, G., RE, B., CORSICO, A. G., 

MONDONI, M. & CENTANNI, S. 2023. 

Exploring the Role of Immune System and 

Inflammatory Cytokines in SARS-CoV-2 Induced 

Lung Disease: A Narrative Review. Biology, 12, 

177. 

TO, E. E., VLAHOS, R., LUONG, R., HALLS, M. L., 

READING, P. C., KING, P. T., CHAN, C., 

DRUMMOND, G. R., SOBEY, C. G. & 

BROUGHTON, B. R. 2017. Endosomal NOX2 

oxidase exacerbates virus pathogenicity and is a 

target for antiviral therapy. Nature 

communications, 8, 1-17. 

TOTURA, A. L., WHITMORE, A., AGNIHOTHRAM, S., 

SCHÄFER, A., KATZE, M. G., HEISE, M. T. & 

BARIC, R. S. 2015. Toll-like receptor 3 signaling 

via TRIF contributes to a protective innate immune 

response to severe acute respiratory syndrome 

coronavirus infection. MBio, 6, e00638-15. 

TSENG, C.-T. K., PERRONE, L. A., ZHU, H., MAKINO, 

S. & PETERS, C. 2005. Severe acute respiratory 

syndrome and the innate immune responses: 

modulation of effector cell function without 

productive infection. The Journal of Immunology, 

174, 7977-7985. 

VARGA, J. F., BUI-MARINOS, M. P. & KATZENBACK, 

B. A. 2019. Frog skin innate immune defences: 

sensing and surviving pathogens. Frontiers in 

immunology, 9, 3128. 

VENNEMA, H., GODEKE, G.-J., ROSSEN, J., 

VOORHOUT, W., HORZINEK, M., 

OPSTELTEN, D. & ROTTIER, P. 1996. 

Nucleocapsid‐independent assembly of 

coronavirus‐like particles by co‐expression of viral 

envelope protein genes. The EMBO journal, 15, 

2020-2028. 

WANG, C.-M., CHANG, S.-W., WU, Y.-J. J., LIN, J.-C., 

HO, H.-H., CHOU, T.-C., YANG, B., WU, J. & 

CHEN, J.-Y. 2014. Genetic variations in Toll-like 

receptors (TLRs 3/7/8) are associated with systemic 

lupus erythematosus in a Taiwanese population. 

Scientific reports, 4, 1-9. 

WEISS, S. R. & NAVAS-MARTIN, S. 2005. Coronavirus 

pathogenesis and the emerging pathogen severe 

acute respiratory syndrome coronavirus. 

Microbiology molecular biology review, 69, 635-

664. 



Ahmad  H.& Fares K.  /ZJPAS: 2023, 35(4): 180-191 
 191 

 

ZANCO Journal of Pure and Applied Sciences 2023 

 

    

   

  

 

WEST, A. P., SHADEL, G. S. & GHOSH, S. 2011. 

Mitochondria in innate immune responses. Nature 

Reviews Immunology, 11, 389-402. 

WU, F., ZHAO, S., YU, B., CHEN, Y.-M., WANG, W., 

HU, Y., SONG, Z.-G., TAO, Z.-W., TIAN, J.-H. & 

PEI, Y.-Y. 2020a. Complete genome 

characterisation of a novel coronavirus associated 

with severe human respiratory disease in Wuhan, 

China. BioRxiv, 2020.01. 24.919183. 

WU, F., ZHAO, S., YU, B., CHEN, Y.-M., WANG, W., 

SONG, Z.-G., HU, Y., TAO, Z.-W., TIAN, J.-H. & 

PEI, Y.-Y. 2020b. A new coronavirus associated 

with human respiratory disease in China. Nature 

reviews Molecular cell biology, 579, 265-269. 

XAGORARI, A. & CHLICHLIA, K. 2008. Toll-like 

receptors and viruses: induction of innate antiviral 

immune responses. The open microbiology journal, 

2, 49. 

YANG, Y., ZHANG, L., GENG, H., DENG, Y., HUANG, 

B., GUO, Y., ZHAO, Z., TAN, W. & CELL 2013. 

The structural and accessory proteins M, ORF 4a, 

ORF 4b, and ORF 5 of Middle East respiratory 

syndrome coronavirus (MERS-CoV) are potent 

interferon antagonists. Protein, 4, 951-961. 

YANG, Z. Y., HUANG, Y., GANESH, L., LEUNG, K., 

KONG, W.-P., SCHWARTZ, O., SUBBARAO, K. 

& NABEL, G. J. 2004. pH-dependent entry of 

severe acute respiratory syndrome coronavirus is 

mediated by the spike glycoprotein and enhanced 

by dendritic cell transfer through DC-SIGN. 

Journal of virology, 78, 5642-5650. 

YONEYAMA, M., JOGI, M. & ONOMOTO, K. 2016. 

Regulation of antiviral innate immune signaling by 

stress-induced RNA granules. The Journal of 

Biochemistry, 159, 279-286. 

YONEYAMA, M., KIKUCHI, M., MATSUMOTO, K., 

IMAIZUMI, T., MIYAGISHI, M., TAIRA, K., 

FOY, E., LOO, Y.-M., GALE, M. & AKIRA, S. 

2005. Shared and unique functions of the DExD/H-

box helicases RIG-I, MDA5, and LGP2 in antiviral 

innate immunity. The Journal of Immunology, 175, 

2851-2858. 

YONEYAMA, M., ONOMOTO, K., JOGI, M., 

AKABOSHI, T. & FUJITA, T. 2015. Viral RNA 

detection by RIG-I-like receptors. Current opinion 

in immunology, 32, 48-53. 

ZHANG, S., WANG, L. & CHENG, G. 2022. The battle 

between host and SARS-CoV-2: Innate immunity 

and viral evasion strategies. Molecular therapy, 30, 

1869-1884. 

ZHENG, B., HE, M.-L., WONG, K.-L., LUM, C. T., 

POON, L. L., PENG, Y., GUAN, Y., LIN, M. C., 

KUNG, H.-F. J. O. I. & RESEARCH, C. 2004. 

Potent inhibition of SARS-associated coronavirus 

(SCOV) infection and replication by type I 

interferons (IFN-α/β) but not by type II interferon 

(IFN-γ). Journal of interferon, 24, 388-390. 

ZHOU, P., LI, H., WANG, H., WANG, L.-F. & SHI, Z. 

2012. Bat severe acute respiratory syndrome-like 

coronavirus ORF3b homologues display different 

interferon antagonist activities. Journal of general 

virology, 93, 275-281. 

ZHOU, P., YANG, X.-L., WANG, X.-G., HU, B., ZHANG, 

L., ZHANG, W., SI, H.-R., ZHU, Y., LI, B. & 

HUANG, C.-L. 2020. A pneumonia outbreak 

associated with a new coronavirus of probable bat 

origin. Nature reviews Molecular cell biology, 1-4. 

ZHU, N., ZHANG, D., WANG, W., LI, X., YANG, B., 

SONG, J., ZHAO, X., HUANG, B., SHI, W. & 

LU, R. 2020. A novel coronavirus from patients 

with pneumonia in China, 2019. New England 

Journal of Medicine. 

ZUMLA, A., HUI, D. S. & PERLMAN, S. T. L. 2015. 

Middle East respiratory syndrome. The Lancet, 

386, 995-1007. 

ZUST, R., CERVANTES-BARRAGAN, L., KURI, T., 

BLAKQORI, G., WEBER, F., LUDEWIG, B. & 

THIEL, V. 2007. Coronavirus non-structural 

protein 1 is a major pathogenicity factor: 

implications for the rational design of coronavirus 

vaccines. PLoS Pathogens, 3, 1062-1073. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


