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Abstract
COVID-19 disease, caused by the SARS-CoV2 virus, is a potentially fatal disease that represents a
serious public health and economic problem worldwide. The SARS-CoV2 virus infects the lower
respiratory tract and can cause pneumonia in humans. ARDS is the leading cause of death in COVID19 disease. One of the main characteristics of ARDS is the cytokine storm, an uncontrolled systemic
inflammatory response resulting from the release of pro-inflammatory cytokines and chemokines and
growth factors, by immune cells. The other important aspect of the disease is represented by the
involvement of the vascular organ that undergoes endothelitis. Hyperinflammation and endothelitis
contribute in various ways to trigger coagulation disorders with diffuse micro thrombotic and
thromboembolic phenomena. Lastly, multiple organ failure may occur (MOF). Since so far there is
no approved treatment, there is an urgent need to reposition known treatments, considered safe, to be
included in trials. Naturally produced interferons represent the body's first line of defense against
viruses. Pharmacological forms, obtained by means of genetic recombination techniques, have long
been approved and used to treat numerous pathologies. Interferons are divided into three families,
within which some subfamilies are distinguishable. Only IFN-II comprises a single isoform which
has completely different aspects and functions. The IFN I and III, however, each comprise different
subfamilies (17 subfamilies the IFN-I and 4 subfamilies the IFN-III), share many aspects,
representing the body's first antiviral response, but play different roles. The use of IFNs has been
studied in two severe hCoV (Human Coronavirus) diseases, closely related to COVID-19 disease,
such as SARS and MERS. Numerous in vitro and in vivo studies have been conducted, often in
combination with other antivirals. The results have been controversial. The positive results in vitro
and in experimental animals were often not replicable in humans. The possible positioning of these
molecules in the right window of therapeutic opportunity requires that the complex dialogue between
IFN, inflammasome, cytokines, pro-inflammatory chemokines, growth factors and barrier function
be shed light.
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Introduction
The innate immune response to SARS-CoV infection includes a coordinated series of signaling
pathways aimed at eliminating the virus, without damaging the host cells 30-32. Following recognition
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of the virus, two pathways are activated: the antiviral one (mediated by IFNs) and the inflammatory
one (inflammasome and NFkB). The inflammatory pathway involves a cascade of signals that leads
to induction, mediated by the transcription factor NF-kB, of cytokines and pro-inflammatory
chemokines (IL-1-b, IL-6, TNF-a, IL-18, IL-8, IL-17, MCP-I). The antiviral route involves the
production, mediated by IRF3 and IRF7, of IFN-I and IFN-III 29. IFNs represent the first major line
of defense against viruses. Interferons (IFNs) are divided into three families, within which some
subfamilies are distinguishable. Only IFN-II includes a single isoform 33:
o IFNs-I (a,b,e,k,w);
o IFN-II (g);
o IFNs-III o IFN l (l1, l2, l3, l4).
The first step in interferon-mediated response to viruses is the recognition of molecular models
associated with pathogens (PAMPs), represented by specific viral components such as viral RNA or
DNA or viral intermediates1. PAMPs are detected by special molecules that function as sensors: PRRs
(Pattern Recognition Receptors), including Toll-like receptors (TLRs) and RIG-I-like receptors
(RLRs) 4,5,6,7.
Several TLRs, including TLR 3, 7, 8, and 9, detect viral RNA and DNA in the endosome, whereas
RLRs bind to viral RNA in the cytosol 8. RLRs comprise RIG-I, MDA5, and LGP2, all of which
contain an RNA helicase domain 9,10. The objectives are the control of viral replication in infected
cells, the activation and maintenance of the adaptive immune response for the eradication of the virus
2
.

Figure 1. MAVS is an adapter that must be phosphorylated by IKK and TRB1 to recruit and authorize the
phosphorylation of IRF3 by IKK and TRB1. After phosphorylation, IRF3 moves to the nucleus where it activates IFN
transcription and secretion. The IFN, through the Jak/STAT signaling pathway, activates the ISG genes. RIG-I: retinoic
acid-inducible gene-I-like receptors; HD: Helicase Domain, C=CARD: Caspase Recruitment Domain; RD: repressive
Domain, ds: double strand RNA, M=MAVS Mitochondrial antiviral-signaling; TBK1p: TANK Binding Kinase 1; IKKp:
IκB kinas; TRAF: TNF-Receptor Associated Factors; IRF3: Interferon Regulatory Factor 3 IRF3p; NFkB: nuclear factor
kappa-light-chain-enhancer of activated B cells; IFN: Interferon; ISG: interferon-stimulated gene; Jak/STAT. Janus
kinase/signal transducers and activators of transcription3
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Viral RNA, cytosolic DNA, and the bacterial cell wall component lipopolysaccharide activate
signaling cascades through a number of pattern recognition receptor (PRR)–adaptor protein pairs,
including RIG-I–MAVS, cGAS-STING, and TLR3/4-TRIF (TLR3/4, Toll-like receptors 3 and 4) 3.
The adaptor proteins MAVS, STING, and TRIF each activate the downstream protein kinase TBK1,
which then phosphorylates the transcription factor interferon regulatory factor 3 (IRF3), which drives
type I IFN production 3. Figure 1.
The IFNs-I and III have shared characteristics (activation paths, transcriptional programs) and distinct
characteristics (receptors and functions) 11-22. Table 1.
Type I and III IFNs are genetically distinct, use different receptors, are induced by similar pathogen
detection sensors and activate related antiviral, antiproliferative and immunomodulatory gene
expression programs 33. The IFN-l represents the first border antiviral defense, the guardian of the
mucous barriers 34 (respiratory, gastro-enteric, urinary tract, etc.), minimizing harmful inflammatory
responses 32. Contrasts viral replication in epithelial cells at the entry point, limiting the spread from
the upper respiratory tract to the lung 34. In addition, it protects the mucous barrier thanks to the
stimulation of adaptive immunity 33,35-38. Finally, it dampens inflammation 34,39,40 and the harmful
effects due to the activation of neutrophils 34,40,41 protecting the integrity of the barrier.
The IFN-l has unique characteristics, thanks to its ability to counteract the viral invasion at the
level of the penetration site and simultaneously curb inflammation. Its action is restricted according
to the distribution of specific receptors at the level of mucous barriers.

Table 1. Comparison of Type I IFNs and IFN-l. Although their signaling pathways and transcriptional responses share
some aspects, other characteristics distinguish type I IFNs and IFN-l: (1) the type I IFN family is larger, comprising 17
members, compared to the 4 members of the IFN type III in humans (2) Type I IFNs and IFN-l bind to distinct receptors.
The type I IFNs receptor (IFNAR) is expressed ubiquitously. Instead, the IFN-l receptor (IFNLR) is preferentially
expressed on epithelial cells and myeloid immune cells (mainly on neutrophils; also on macrophage and dendritic cells
in Humans)24; (3) Although the genes activated by type I IFN and IFN-l are similar, differences in cell type specificity
and signaling kinetics produces distinct responses. The Type I IFN response is more powerful, rapid, transient, systemic.
Instead, the IFN-l response is less powerful, slower, more prolonged and localized.
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Furthermore, its immunoregulatory actions are unique. While the IFN-I receptors (IFNAR1 and
IFNAR2) are ubiquitous, the IFN-l high affinity receptor (IFNLR1) is restricted at the level of the
epithelial cells of the barriers and to some immune cells, mainly the Neutrophils and, in humans, the
Dendritic cells and Macrophages 34.
Type I IFN signaling can be deleterious because of its systemic pro-inflammatory effects 25. The
most powerful type I IFN response comes into play when local responses are insufficient.
Type I and III IFNs are both induced when viral infection is detected by PRR: RLR, such as RIG-I,
MDA-5; TLR (TL3, 4, 7, 8, 9); CGAs. PRR signaling activates the transcription factors of the IRF
family which, together with NFkB, promote the expression of IFNs.
The IFN secreted by the infected cells act on adjacent uninfected cells, inducing the activation of a
powerful antiviral defense program (antiviral state), composed of hundreds of genes stimulated by
interferon (ISG), which have the ability to interfere with any stage of viral replication. Adaptive
immune responses are also initiated 25. The antiviral state consists of an intrinsic cellular condition of
virus resistance. Among the ISGs induced by IFNs there are other IFNs, which give rise to a positive
feedback cycle of antiviral activity 23. It should be noted that among ISGs there is also the receptor
for SARS virus Cov-2 ACE2. Despite this powerful host antiviral strategy, some viruses, including
the three most pathogenic coronaviruses (SARS CoV. MERS CoV and SARS CoV-2), are capable
of causing severe infections, at least in part, due to the ability of the viruses to evade and suppress the
response mediated by IFNs 42-44.
Viruses produce proteins capable of promoting immune evasion with various mechanisms: a) they
prevent the ignition of IFNs genes; b) prevent transcription factors from entering the nucleus,
blocking the activation of the antiviral genes stimulated by IFNs, c) block the actions of the antiviral
genes 46.
Viruses are formed by a central nucleus, represented by genetic material (DNA or RNA), surrounded
by proteins and a lipid shell. Proteins are necessary for viral reproduction, they bind the genetic
material and participate in the formation of the outer shell. Some proteins have the function of
obtaining the final proteins from other longer ones. Finally, some accessory proteins, also produced
during SARS CoV and MERS infections, are dedicated to contrasting the host's IFNs-mediated
response 26-28. In fact, the HCoV-229E virus that determines a more robust IFN-I response, does not
cause serious infections, unlike other Human coronavirus (HCoV), such as SARS CoV, SARS CoV2 and MERs CoV26. In the epithelial cells that form the barriers, following viral infection, the genes
are turned on for the production of type I and III IFNs. The released IFNs signal to the same cells that
produced them and to the adjacent cells, to turn on the antiviral genes (antiviral state) 45-47.
Therapeutic potential of two different families of IFNs: IFN I and IFN-l
SARS, caused by the SARS CoV virus, and MERS, caused by the MERS CoV virus, were the first
two severe known hCoV diseases (Human Coronavirus). Both are closely related to COVID-19
disease, which recently appeared. The treatment of SARS and MERS with IFN-I has been extensively
studied, in vitro and in vivo, alone or in combination with other antivirals48-53. The positive results
obtained in vitro or in laboratory animals were not usually replicable in vivo48. Therefore, studies on
the use of IFN I in severe hCoV (Human Cooronavirus) diseases were inconclusive. However, some
lessons can be drawn from these studies. The SARS CoV-2 virus is more sensitive to IFN I than the
SARs CoV virus 54,55.
The coronavirus genome encodes four main proteins: S protein (Spike), N protein (Nucleocapsid),
membrane protein (M) and Envelope protein (E). Protein S is responsible for entry, binding to the
ACE2 membrane receptor and allowing entry of the virus into the target cells (epithelial and
endothelial cells). Various accessory proteins are also produced. Some of these (ORF3b and ORF6)
block the response to the IFN 61,62.
The accessory protein ORF6b sequesters the transcription factor STAT1, preventing it from reaching
the nucleus. The accessory protein ORF3b dampens the interferon response by blocking the
4
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phosphorylation of IRF3. In the SARS CoV-2 virus these proteins are truncated, losing their antiinterferon function 54. This could explain the higher sensitivity of the SARS CoV-2 virus to IFN I
than the SARS CoV virus 54. In addition, pretreatment with IFN I reduced the viral titre, configuring
a possible role in contact prophylaxis or early stage treatment. The Chinese guidelines indicate the
spray formulation 56. This route of administration aims to target action mainly at the respiratory tract.
However, unlike the subcutaneous or intravenous route, the pharmacokinetics and
pharmacodynamics of inhaled administration are unknown. Several clinical trials have been recorded
Numerous studies have suggested that the innate immune response mediated by IFN-I is dysregulated
in severe forms of coronavirus diseases. According to the studies, it was too long 92, too scarce 93,94,
untimely 60,95.
Studies in mice have shown that the timeliness of natural IFN-I production or exogenous
administration makes the difference 102. Natural production or exogenous administration preceding
the peak of viral replication are protective. Delayed endogenous production or exogenous
administration, compared to the peak of viral replication, become pathogeni 60,63. Figure 2.

Figure 2. Timeliness of the response mediated by the IFNs.
Delayed type I IFNs response promotes the apoptosis of T lymphocytes, the recruitment of
inflammatory monocytes-macrophages at the lung level and the exaggerated production of
inflammatory echemokines cytokines. Therefore, natural production or timely exogenous
administration of IFN-I can prevent the exaggerated production of inflammatory cytokines and are
protective. Delayed natural production or exogenous administration are pathogenic.
Studies have shown that in severe forms of COVID-19 disease, type I IFNs response is more
compromised than mild or moderate cases 54,93,96.
Therefore, the results of type I IFNs administration depend on the phase in which it is used. At a very
early stage it exerts the greatest positive effects. At a later stage, the effects obtained are harmful.
In China, the guidelines recommend the administration of 5 million U. of IFN-a by inhalation, twice
a day, in combination with Ribavirin 64,65. Despite the conflicting results obtained with SARS and
MERS treatment with type I IFNs, in vitro studies suggest a greater sensitivity of the SARS CoV-2
virus to type I IFNs.
Timeliness problems encountered with Type I IFNs have also recently been highlighted with the IFNl. A very recent study on mice has shown that even the IFN-l can have harmful effects on the barrier,
favoring bacterial complications 96. While early administration of IFN lambda could protect against
the SARS CoV-2 virus infection 97,98 and increase the barrier function of intestinal epithelial cells and
endothelial cells 99-101, delayed exposure, compared to the viral peak, or when tissue damage has
already occurred, causes deleterious effects 96.
The publication of the results that will be obtained with the ongoing studies will provide further
details to define the therapeutic modalities of type I IFN and IFN-l in the prophylaxis and
treatment of COVID-19 disease.
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Peculiarities of the IFN- l in the antiviral response
IFN-l and IFN I are induced when viruses and their derivatives (PAMPs) are recognized by the
appropriate sensors (PRRs). After being produced, IFNs act on target cells by activating shared
signaling pathways. Figure 3.
Unlike IFN III, only IFN-l can activate JAK272,73. Activated JAKs recruit and phosphorylate the
transcription factor STAT1. Phosphorylated STAT1 migrates to the nucleus and, together with the
transcription factor IRF9, activate the same antiviral transcriptional program 29,33,34,36,74,75. The action
on IFN target cells is mediated by specific receptors (IFNLR1/IFL10Rb). The expression of IFNLR1
is restricted to certain types of cells (epithelial cells of the respiratory tract, gastro-enteric, uro-genital
lining, endothelial) 67,68,69 and some types of myeloid cells (especially neutrophils, but also dendritic
cells and macrophages) 24,37,40,41,77. In vitro studies 39,88 and in vivo 40,81,82 have shown that in the same
cells, at the barrier level, the antiviral response is mainly mediated by IFN-l, compared to type III
IFN 39,40,81,81,88.
The most substantial differences between type I IFN and IFN-l concern their effects on the immune
and inflammatory response. IFN I associates the deleterious effects of the inflammatory response
with the powerful antiviral action. When their production is prolonged, beyond the peak of the viral
load, type I IFNs contribute to the inflammatory cytokine and chemokine release syndrome, to the
recruitment of inflammatory cells 85.86, favor cell-mediated adaptive immunity, inducing the cytotoxic
activity of T lymphocytes and Natual Killers (NK) cells 83,84.
Hence, Type I IFNs can contribute to the aggravation of the cytokine storm and cause damage to the
mucous barriers and the endothelium.
In contrast, IFN-l modulates the inflammatory response and protects mucous barriers 34. In fact, IFNl dampens the activity of neutrophils which, through the release of granules, the production and
release of ROS (reactive oxygen species) 34,76, the formation of extracellular traps (NETs) 41,87,
seriously damage the tissues.
The recruitment of Neutrophils is very important, because these cells can form structures called
extracellular traps (TRAPs or NETs) that trap pathogens but favor the formation of thrombi. In mice
infected with influenza virus, Neutrophils respond to both Type I IFNs and IFN-l.
However, only type I IFNs stimulate the production and release of pro-inflammatory cytokines by
neutrophils40, while IFN-l only induces ISG-mediated antiviral status 34.
Other cells and barriers are also responsive to the IFN-l (liver cells, endothelial cells, blood-brain
barrier)34. Therefore, while IFN I, thanks to the ubiquitous expression of its receptors
(IFNAR1/IFNAR2), has systemic action, IFN-l has a more targeted sphere of action, at the level of
anatomical barriers. The activated transcriptional program is superimposable, but the activity of the
IFN I is faster and shorter, while that of the IFN-l is more sustained 29,34. Type I IFN carries out a
pro-inflammatory IRF1-mediated action, absent in IFN-l 29,34,40,66.
The differential role of the different IFNs in the defense against the SARS CoV virus has been
investigated in mice deprived of their respective receptors. In the Ifnlr1 -/- or Ifnra1 -/- mice, the
ability to eliminate the virus was impaired. Even greater was the impairment in Ifnlr1 -/- and Ifnra1 /- 67 mice with double Knockout. These results confirms that the activity of the two type I and III IFNs
is not redundant but additive.
The impairment, however, was even more severe in STAT1 -/-mice, in which, to the deficits of type
I and III IFNs, was added the loss of IFN II signals (IFN ), emphasizing the role of IFN in the antiviral
defenses 68.
Studies in mice, carried out under conditions that mimicked natural infection in humans, have
demonstrated the differential role of type I ad III on the respiratory tract. At the level of the lower
respiratory tract (lung), the action of type I IFNs is essential 34.
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On the upper respiratory tract, however, the action of the IFN-l is paramount. Ifnlr1 -/- mice, to which
the influenza virus had been administered at sub lethal doses in the upper respiratory tract, eliminated
a greater quantity of viruses and were more contagious, compared to Ifnra1 -/- mice.

Figure 3.Type I IFNs and and IFN-l act by binding to the respective receptors expressed on the surface of the target
cells. Type I and type III IFNs receptors are heterodimers made up of two subunits: IFNAR1 and IFNAR2 (type I IFNs)
and IFNLR1 and IL10Rβ (IFN-l) subunits, respectively. IFNs first bind a chain of high affinity receptors (IFNAR2 or
IFNLR1), then recruit a chain of low affinity receptors (IFNAR1 or IL10Rβ), to create a competent ternary complex for
signaling. Receptor dimerization activates TYK2 and JAK1 kinases, which phosphorylate STAT1 and STAT2. The
phosphorylated STAT1 and STAT2 heterodimers complex with the IRF9 factor to produce the ISGF3 transcription
factor. ISGF3 binds to ISREs and promotes the expression of hundreds of ISGs.

These results highlight the increased importance of IFN-l in controlling viral load in the upper
respiratory tract and in contact prophylaxis. Instead, prophylactic intranasal administration of IFN-a
and IFN-b is necessary to block the spread of the virus in the lung 70..
The recent discovery that commensal bacteria that colonize the upper respiratory tract can maintain
an antivral state, mediated by IFN-l, at lung level, sufficient to protect mice from influenza infection,
supports the importance of IFN-l at the level of barriers 89.
Ifnlr1 -/- mice, infected with the influenza virus, exhibit a compromised antibody response. Although
most cells of the adaptive immune system are not responsive, the IFN-l can act on them indirectly.
Mice with IFN-λ Ifnrl1 deficiency -/-, infected with the flu virus, had a reduced production of
antibodies and adaptive immune system cells. The adaptive immune response was restored if a live
and attenuated nasal flu vaccine was administered with the addition of IFN-λ. The recovery attempt
failed if the administration was carried out by another route other than the nasal one, or in the absence
of IFN-λ 90,91.
7
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These results highlight at least four relevant aspects. i) In mice with IFN-λ deficiency, adaptive
immunity is compromised, both humoral (IgG1 and IgA reduction) and cellular immunity (CD8 +
cytotoxic T lymphocyte reduction) ii) Although the cells of the adaptive immune system do not have
IFN-λ receptors, this cytokine has effects on the adaptive immune response iii) IFN-λ shows a strong
adjuvant activity on vaccines applied on the mucous membrane of the airways of mice iiii) the ability
of IFN-λ to support adaptive immunity depends on a local factor that acts as a bridge.
In fact, the other routes of administration of the vaccine do not benefit from the IFN-λ. A new action
and a potential new stimulating role have emerged for IFN-λ as an adjuvant to make vaccines against
viruses with tropism for the respiratory tract more effective and safe.
The link between IFN-λ and adaptive respiratory immunity is represented by the thymic stromal
lymphopoietin (TSLP). IFN-λ increases adaptive immune responses after intranasal immunization of
mice via an indirect mechanism that involves the production of thymic stromal lymphopoietin (TSLP)
in upper airway M cells. TSLP, in fact, stimulates the migration of dendritic cells (DC CD103+) from
the airways to the draining lymph nodes at the mediastinal level 90.91. Figure 4.

Figure 4. The cells of the adaptive immune system do not have IFN-l receptors. The effects of IFN-l on adaptive
response depend on local stimulation of thymal stromal lymphopoietin (TSLP). TSLP, produced by lung M cells, acts
by activating lung dendritic cells. M cells (microfold) reside in the follicle-associated epithelium of the lymphoid
tissues of the mucosa. They are cells specialized in detecting luminal antigens to initiate the immune responses of the
mucosa. 1) IFN-l-induced virus release stimulates TSLP production from M cells that, in turn, stimulates the migration
of dendritic cells from airways to draining lymph nodes at the mediastinal level. 2) TSLP boosts adaptive immunity and
increases the production of IgG1 and IgA immunoglobulins.

This results in the enhancement of the germinal center (GC) and an increased production of antigen
specific IgG1 and IgA antibodies.
So based on currently available data, IFN-l promises some benefits in COVID-19 disease: a)
counteracts the action of the virus, interfering with viral replication, at the entry point level; b)
stimulates long-lasting adaptive immune protection; c) protects the mucous barrier; d) Counteracts
the possibility of the virus spreading to the lung; c) Protects contacts from contagion; f) limits
8
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systemic inflammation; g) limits the recruitment and activation of neutrophils, blocking the formation
of dangerous NETs favoring thrombotic phenomena.
Unlike the recombinant IFN I, already used in the clinic, the IFN-l has not yet been approved for any
use. The peculiar characteristics of the IFN-l, targeted actions at the level of the barriers, sustained,
without inflammatory effects, are fundamental for the rationale of its use in randomized clinical trials
already underway. Efficacy and safety of use has already been demonstrated in studies of animals
infected with the flu virus 39,40,71.
CONCLUSIONS
IFN-I response times, in relation to virus replication, can affect the evolution of SARS-CoV-2
infection. The combination of delayed production of IFN-I, with a rapid and robust replication of
SARS-CoV2, favors the aggravation of the disease. In this scenario, interventions aimed at reducing
the viral load are essential. Consistent with this hypothesis, older people, at a higher risk of severe
COVID infections, present an impaired antiviral response mediated by IFNs, while retaining the
ability to produce an inflammatory response. Therefore, the inability to mount an adequate and early
antiviral response mediated by IFNs, on the one hand, the exaggerated inflammatory response, on the
other, increase the susceptibility to severe forms of COVID-19.
IFN I has a faster and more powerful action, mainly effective on the lung, but it helps to exacerbate
inflammation. Its role could be limited to the earlier stages of promoting the elimination of the virus.
In the hyper inflammatory stages it should not be used. IFN-l acts at the level of anatomical barriers
and its action is prominent on the upper respiratory tract. The IFN-l has the ability to prevent viral
replication at the entry site, by limiting viral load and reducing contagiousness. In addition, it appears
effective in preventing the spread of the virus to the lungs. It has no inflammatory effects and,
therefore, its use could be very useful in the prophylaxis of contacts and in the early stages of the
disease, to prevent the spread of the virus. IFNs, inserted in a personalized therapy perspective, could
be useful in the early stages, before the viral peak, for prophylactic or therapeutic purposes, also
associated with other antivirals. When the first signs of laboratory or clinical signs of progressive
inflammation appear, the rationale for their use ceases. When the results of the ongoing randomized
clinical trials are available, it will be possible to design a reasoned therapeutic strategy that meets the
criteria of efficacy and safety.

.

9

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2020

Declaration of interests:
The authors declare that there are no conflicts of interest regarding the publication of this paper.
List of abbreviations:
ACE2: Angiotensin-Converting Enzyme 2
ARDS:Acute Respiratory Distress Syndrome
cGAS: Cyclic GMP-AMP synthase
DAMPs: damage-associated molecular patterns
IFNs: Interferons
IFNAR: interferon-α / β receptor
IFNLR: Interferon Lambda Receptor
IL-1b: Interleukin 1b
IL-6: Interleukin 6
IL-8: Interleukin 8
IL-10Rb: Interleukin 10 receptor beta
IL-17: Interleukin 17
IKKB: inhibitor of κB kinase
IRF: interferon regulatory factors
ISGs: interferon-stimulated gene
ISRE: Interferon-sensitive response element
JAKs: Janus kinases
MAVs: Mitochondrial antiviral-signaling protein
MDA-5: Melanoma Differentiation-Associated protein 5
MCP-1: Monocyte Chemoattractant Protein-1
MERS: Middle East Respiratory Syndrome
MOF: Multiple Organ Failure
NETs: Neutrophil Extracellular Traps
NFkB: Nuclear factor-κB
ORF: Open Reading Frame
PAPMPs: pathogen-associated molecular patterns
PRRs: Pattern recognition receptors
RLRs: RIG-I-like receptors
RIG-I: Retinoic acid-inducible gene I
ROS: Reactive Oxygen Species
SARS: Severe Acute Respiratory Syndrome
STAT: signal transducer and activator of transcription
STING: Stimulator of interferon genes
TBK1: TANK-Binding Kinase 1
TLSP: Thymic stromal lymphopoietin
TYK2: Tyrosine kinase 2
TLRs: Toll-Like Receptors
TNF-a: Tumor Necrosis Factor a
TRAF: TNF receptor associated factors
TRAPs: Neutrophil Extracellular Traps
TRIF: TIR-domain-containing adapter-inducing interferon-β
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