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A B S T R A C T

Interferons are innate and adaptive cytokines involved in many biological responses, in particular, viral infec-
tions. With the final response the result of the balance of the different types of Interferons. Cytokine storms
are physiological reactions observed in humans and animals in which the innate immune system causes an
uncontrolled and excessive release of pro-inflammatory signaling molecules. The excessive and prolonged
presence of these cytokines can cause tissue damage, multisystem organ failure and death. The role of Inter-
ferons in virus clearance, tissue damage and cytokine storms are discussed, in view of COVID-19 caused by
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). The imbalance of Type I, Type II and Type
III Interferons during a viral infection contribute to the clinical outcome, possibly together with other cyto-
kines, in particular, TNFa, with clear implications for clinical interventions to restore their correct balance.
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Interferons (IFNs) are essential cytokines that mediate the host
resistance response to viral infections. In the absence of IFNs or com-
promised cellular programs induced by IFNs, vertebrates may be sus-
ceptible to lethal viral infections. There are 21 human IFNs, classified
in 3 types (16 Type-I: 12 IFNas, IFNb, IFNe, IFNk, and IFNv; 1 Type-II,
IFNg; and 4 Type-III, IFNλ1, IFNλ2, IFNλ3, and IFNλ4), involved in
innate and adaptive immune responses against not only to viruses
but also to other pathogens as well as to tumors and in tissue repair.
In general, the production of distinct IFNs depends on the cell type
and is stimulated during viral infection when the viral nucleic acid in
the cytoplasm is detected by intracellular pattern recognition recep-
tors (PRRs). Then, the produced and secreted IFNs will bind and acti-
vates heterodimeric receptors (IFNRs) on the cells in autocrine and
paracrine mechanisms that initiate a complex cascade of signaling,
culminating in transcription of hundreds of different Interferon-Stim-
ulated Genes (ISGs) resulting in strong antiviral innate and adaptive
immune responses [1-3].

Briefly, Type I and III IFNs bind to their heterodimeric receptors
activating the JAK/STAT pathway, which in turn activate the hetero-
trimeric transcription factor complex ISGF3, which consists of phos-
phorylated STAT1/STAT2 and IRF9. However, unphosphorylated STAT
molecules and IRF9-STAT2 homodimers have also been described [4].
Type II IFN also signals through the JAK/STAT pathway, resulting in
the formation of phosphorylated STAT1 homodimers, also known as
IFNg-activated factor (GAF). Activated ISGF3 and GAF, resulting
respectively from type I/III and type II IFN actions, translocate to the
nucleus and bind IFN-stimulated response elements (ISRE) and
gamma-activated sequences (GAS), respectively, in the promoter
regions of ISGs (Figure 1). In this review, we will discuss the recent
data showing the association of COVID19 severity with the correct
balance between the IFN types and other cytokines for a favorable
clinical outcome during infection by SARS-CoV-2.

Coronaviruses (CoVs) are viruses belonging to the family Corona-
viridea, with a large positive-sense single-stranded RNA that cause
diseases in humans and animals. The new SARS-CoV-2 was identified
as a beta-coronavirus responsible for the pandemic COVID-19 (Coro-
navirus Disease 2019) [5]. Patients with severe COVID-19 present
high concentrations of proinflammatory cytokines and chemokines
in the plasma, massive infiltration of monocytes and neutrophils
(Figure 2).
Types of Interferons (IFNs)

IFNs are components of the innate and adaptive immune systems.
Type I IFNs are produced by many cell types including lymphocytes
(NK cells, B-cells and T-cells), macrophages, fibroblasts, endothelial
cells, osteoblasts, leukocytes, plasmacytoid and dendritic cells [6].
Type II IFN is produced predominantly by natural killer (NK) and nat-
ural killer T (NKT) cells as part of the innate immune response, and
by CD4+ and CD8+ T cells of the adaptive immune cells [7]. While the
main producer of Type III IFNs are type 2 myeloid dendritic cells, epi-
thelial cells and hepatocytes [8,9], the receptors for Type I and Type II
interferons are expressed ubiquitously on almost all nucleated cells
and Type III interferon receptors are expressed on epithelial, den-
dritic cells and neutrophils. The antiviral effects of IFNs are dictated
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Figure 1. � Type I, II and III Interferons, their receptors and signalings. (A) The Type I, II and III IFN ligands and their receptors; (B) Kinases associated with the Type I, II and III recep-
tors that mediate IFN signallings through receptor activation by ligand binding. Jak1 (Janus Kinase 1) interacts with STAT1 (Signal Transducer and Activator of Transcription 1) as
well as to IFNRA1 (Interferon receptor alpha 1). Tyk2 (Tyrosine kinase 2) interacts to STAT2 as well as to IFNRA2. IFNRA1 forms a heterodimer with IFNRA2 that binds with Type I
IFN; Jak1 and STAT1 also interacts to IFNLR1. IL-10RB (Interleukin-10 receptor B) also interacts with Tyk2 and STAT2. IFNLR1 forms a heterodimer with IL-10RB that binds to Type
III IFNs. Jak1 and STAT1 also interacts to IFNGR1 and JAK2 and STAT1 also interacts with IFNGR2. IFNGR1 forms a heterodimer with IFNGR2 that binds to Type II IFNs; (C) Upon ligand
binding and activation, the STAT1 or STAT2 are phosphorylated and the STAT1 homodimers go to the nucleous and activate the transcription of genes with the GAS (gama interferon
activation sites) promoters; STAT1 and STAT2 heterodimers binds to IRF9 (interferon regulatory factor 9) and the complex goes to the nucleous and activates the the transcription of
genes with the ISRE (Interferon-stimulated responsive element) promoters. Some commom ISGs (trafd1, TNF receptor-associated factor -type zinc finger domain containing 1; parp
9, Poly(ADP-ribose) polymerase family member 9; parp12, Poly(ADP-ribose) polymerase family member 12; parp14, Poly(ADP-ribose) polymerase family member 14; nmi, N-myc
and STAT interactor; epsti1, epithelial stromal interaction 1; eif2ak2, eukaryotic translation initiation factor 2 alpha kinase 2; irf1, interferon regulatory factor 1; irf7, interferon reg-
ulatory factor 7; irf8, interferon regulatory factor 8; tmem67, transmembrane protein 67; tmem140, transmembrane protein 140; tmem173, transmembrane protein 173; dtx3l,
deltex E3 ubiquitin-protein ligase; samhd1, SAM (sterile alpha-motif) and HD (histidine-aspartate) domain containing deoxynucleoside triphosphate truphosphohydrolase 1; stat1,
signal transducer and activator of transcription 1; cd274, cluster of differentiation 274) induced by Type I, II and III IFNs are indicated by * [69,70]. (Figure created with BioRender.
com).
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by the presence of producer cells and responder cells with IFN recep-
tors. For instance, Type III IFN receptors are restricted to epithelial
cells in gastrointestinal, respiratory and reproductive tracts, they are
considered as the first line of defense against viruses at these sites
[10]. In contrast, all nucleated cells express Type I and II IFN recep-
tors.

Types I and III IFNs in COVID-19

SARS-CoV-2 infects lung alveolar epithelial cells and these cells
die due to the virus� cytopathic effect as viral replication proceeds.
Recovery is achieved by proliferation and differentiation of neighbor-
ing progenitor epithelial cells. During viral infections, Type I and
Type III IFNs are important mediators of the innate immune
responses triggered by the recognition of pathogen-associated
molecular patterns (PAMPs) by the PRRs of the cell [11]. Type I IFNs
are more proinflammatory when compared to Type III IFNs [10]. Sur-
prisingly, although both Type I and Type III IFNs have antiviral activi-
ties, mice infected with influenza virus have increased susceptibility
to pneumonia caused by Staphylococcus aureus or Streptococcus pneu-
moniae that were associated with the increase in IFNλ production or
IFNλ treatment [12-15]. Similarly, IFNλ mRNAs were observed in
bronchoalveolar fluid and naso-oropharyngeal samples of SARS-CoV-
2 patients and increases in IFNλ mRNA expression were positively
associated with increases in COVID-19 disease morbidity [16]. Inter-
estingly, increases in IFNλ stimulate apoptosis and expression of
tumor suppressor p53 that impairs proliferation, differentiation and
repair of the lung epithelial cells, increasing disease severity, lung
damage and susceptibility to bacterial superinfections (Figure 3F-G)
[16,17]. Although Type I (IFNa and IFNb) also reduces lung epithelial
cell proliferation after treatment during influenza, only IFNλ compro-
mises lung epithelial tissue recovery [17]. Moreover, Type I IFN pro-
duction and activity were highly suppressed in severe COVID-19
patients. These patients present a proinflammatory picture driven by
nuclear factor-kB (NF-kB) and characterized by increased IL-6 and
TNFa [18]. The reasons for this impaired production, signaling and
activity of Type I IFN seems to be related, at least in part, to inborn
errors associated to Type I IFN signaling cascade or production of
autoantibodies, especially to IFNa or IFNv [19-21]. In addition, it was
also shown that the presence of autoantibodies against Type I IFN
(IFNa and IFNv) was proportionally higher in males and elderly with
severe COVID-19 [20,21]. Altogether, these data suggest an important



Figure 2. � Schematic view of the viral entry, sensing and host immune response. The RNA virus bind to the cellular receptor and is internalized. Pattern Recognition Receptors
(PRRs) sense the viral RNA (A) and activate cellular signaling mediated by NF-kB and IRFs transcription factors (B) to the nucleous (C), activating expression of specific genes, com-
prising Type I and Type III IFNs and proinflammatory cytokines (D). Viral protein antigens are also processed and displayed in MHC context with co-stimulatory molecules (E). The
proinflammatory cytokines and chemokines are responsible for the cellular innate response, with pronounced infiltration of monocytes and neutrophils (F). Activated dendritic cells
present the antigens to the adaptive T cells (G) that will secrete cytokines to mature B cells to produce and secrete immunoglobulins (H) (Figure created by BioRender.com).
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role of these IFNs in protection and susceptibility to severe pneumo-
nia in COVID-19.

Viral proteins targeting IFN antiviral response

There are many clinical similarities between severe influenza and
COVID-19. The COVID-19 clinical manifestations include profound
and uncontrolled inflammatory response, massive cytokine release,
diffuse alveolar damage and lung infiltration with inflammatory cells,
most of them comprised of neutrophils. However, there are also strik-
ing differences, related to thrombosis and endothelial dysfunction in
COVID-19, which appears to exceed that in influenza patients as
observed from lung pathology of fatal cases [22,23].

Both influenza and SARS-CoV-2 have virulence factors targeting
the IFN antiviral responses. Influenza hemagglutinins have been
shown to facilitate ubiquitination and degradation of Type I IFN
receptors, thus reducing the expression levels of Type I IFN receptors
and impacting the strength of their responses and ISGs expressions
[24,25]. Besides this, the non-structural protein 1 (NS1) inhibits the
TRIM25, a RING-finger E3 ubiquitin ligase, blocking RIG-I-mediated
innate immunity and suppression of host IFN response. Furthermore,
NS1 also inhibits the production of Type I IFNs and downstream effec-
tor molecules of IFNs-mediated signal transduction processes by the
inhibition of protein kinase RNA-activated (PKR) through the
increased expression of host small non-coding RNAs (vault RNAs). As
a result, the replication and production of virus particles are also
increased [25,26]. NS1 may also affect the phosphorylation of IkB kin-
ases (IKK) and decrease the NF-kB complex in the nucleus and the
gene expression mediated by NF-kB. The JAK-STAT pathways of IFNs
are also impaired by NS1 that lowers the phosphorylation levels of
STAT1, STAT2 and STAT3, preventing proper transcription of ISGs
[27]. The transcription of genes is also affected by direct binding of
NS1 to host double stranded DNA [28]. Therefore, NS1 is a master key
to block the innate immune system, the transcription of IFNs and
ISGs through many mechanisms but also of the adaptive immunity
by modulating the dendritic cells capacities to induce the T cell
responses [29,30]. However, besides NS1, other influenza proteins
help to evade Type I IFN actions. PB1-F2 and PB2 influenza viral pro-
teins also interferes with Type I IFN signaling pathway through inter-
action with MAVS in the mitochondria [31-33]. M2 protein from
influenza also affects the generation of IFNs by blocking the host
autophagy and TLRs pathways [34].

Although SARS-CoV-2 deregulates cell signaling pathways to gen-
erate a permissive environment for viral replication, mainly related
to delayed hyperinflammation, generating weakened and delayed
IFN responses [35], it was observed that the Spike protein (S) ampli-
fies the activation of IFNb and the Envelope protein (E) stimulates
the transcription of ISGs, in an opposite direction of creating a per-
missive milieu for SARS-CoV-2 [36]. The Membrane protein (M) and
the Nucleocapsid (N) structural proteins inhibits the activation of
IFNb or Type I IFN signaling pathway [36,37]. NSP1 inhibits STAT1
phosphorylation upon IFNa stimulation as well as the IFNb produc-
tion in HEK293T cells [36,38]. In contrast, NSP2 accelerates the acti-
vation of IFNb [36]. NSP3, NSP12, NSP13, NSP14, ORF3, ORF6, ORF7
and ORF8 proteins inhibit Sendai virus-induced IFNb promoter acti-
vation, IFNa downstream signaling or NF-kB-responsive promoter
[35-39]. ORF9 protein targets the nuclear factor kB (NF-kB) essential
modulator NEMO and interrupts its K63-linked polyubiquitination
upon viral stimulation, thereby inhibiting the canonical IkB kinase
alpha (IKKa)/b/g-NF-kB signaling and subsequent IFNb production
[40].

Thus, viral proteins in general have diverse roles in disruption of
cellular programs to evade and to weaken the host immune response
[41] including Influenza and SARS-CoV-2 proteins, most of them as
negative effectors targeted to Type I IFN pathway, though positive
effectors can also be observed, as in the case of Spike, Envelope and
NSP2 viral proteins as discussed above.

Type II IFN in COVID-19

Type II IFN is produced predominantly by natural killer (NK) and
natural killer T (NKT) cells as part of the innate immune response,
and by CD4+ and CD8+ T cells of the adaptive immune cells [7]. Upon
virus infection, IFNg acts directly on CD8+ T cells to help them to



Figure 3. � Respiratory tract infection by SARS-CoV-2. Infection occurs at the epithelial cells of the respiratory tract and the infection may be inhibited by pre-existing cross-reac-
tive antibodies resulted from previous infections with seasonal viruses (A). The infection causes inflammation in the respiratory tract with the secretion of proinflammatory cyto-
kines (B), activation of the endothelial cells (C) and expression of NK receptor ligands (MICA/B, MHC class I chain related protein A or B) on respiratory epithilium (C�). The activated
endothelium promotes the infiltration of NK-like T cells expressing NK (Natural Killer) receptors (NKR) exemplified by NKG2D on the cell surface from the capillaries (D) to the
respiratory tract epithelium. The infiltrating NK-like T cells binds to NKR receptor ligands (MICA/B) and induce TCR-independent killing of epithelium cells expressing the NKR
ligands (E). In response to viral infections, epithelium cells secrete Type I or Type III IFNs. In severe cases of the diseases, the presence of autoantibodies against IFNa and IFNv (F)
was observed and associated with higher morbidity, resulting in more viral infections. It was also observed an increase in the secretion of Type III IFN (IFNλ)(F). IFNλ impairs lung
epithelial cell proliferation and tissue repair mediated by the expression of the tumor suppressor p53 gene and protein pathway. Cell death programs (PANoptosis) induced by cyto-
kine storms, in special by IFNg and TNFa, perpetuates the local cytokine storms killing more epithelial cells in the respiratory tract (G) and the cytokine storms propagate (H) to
other organs and tissues, provoking cytokine shock syndromes. Acute respiratory distress syndrome (ARDS) will be observed in the patient due to lung damage as well as multi-
organ failures (I) due to systemic spread of the proinflammatory cytokines, in special of IFNg and TNFa. The cytokine shock syndromes can be identified by clinical markers as listed
in the figure (J). Susceptibility to bacterial superinfections is increased in damaged respiratory tract (K) due to cell killings by NK-like T cells (E) and by PANoptosis (G) in concert
with inhibition of epithelial cell proliferation and repair by IFNλ (F). Cytokine shock sindrome markers: RBC, red blood cells; HCT, hematocrit; Hb, hemoglobin; PCT, Procalcitonin;
LDH, lactate dehydrogenase; ALT, alanine aminotransferase; AST; aspartate aminotransferase; BUN, blood urea nitrogen. (Figure created with BioRender.com).
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differentiate into cytotoxic T lymphocytes (CTL), which produce cyto-
kines and effector molecules to restrict viral replication and kill
virus-infected cells [42] as well as for the increase in CD4+ and CD8+

memory cells [43]. In general, type II IFN connects the innate immune
response with the activation of the adaptive immune response [41].

The role of IFNg during the infection of SARS-CoV-2 is beginning
to be elucidated. It was shown that IFNg is produced in high amount
in patients with moderate to severe COVID-19 besides other proin-
flammatory cytokines. This Type II IFN is found in the serum of these
patients and released in the culture medium when peripheral blood
mononuclear cells (PBMCs) are infected with SARS-CoV-2 [44]. How-
ever, from the ten different cytokines that have their concentration
increased in moderate to severe COVID-19 patients (IL-6, IL-18, IFNg ,
IL-15, TNFa, IL-1a, TNFb, IL-1b, IL-33, IL-2), only the combination of
IFNg and TNFa induced inflammatory cell death characterized by
pyroptosis, apoptosis and necroptosis in bone marrow-derived mac-
rophages (BMDM), a process known as PANoptosis [44] (Figure 3A-J).
Neither IFNg nor TNFa alone or in combination with the other
inflammatory cytokines were able to induce this response. Interest-
ingly, combination of IFNg and TNFa provoked a lethal cytokine
shock in mouse model that was completely abolished by IFNg and
TNFa blockage by neutralizing antibodies [44]. Though these results
associate the important role of IFNg and TNFa combination in the
cytokine storm and acute lung damage with patient mortality as
observed in severe cases of COVID-19, recent results also associate
recovery-like stage of patients with enhanced TNFa and IFN-g gene
expression [45]. Therefore, the role of these cytokines in COVID-19
has to be confirmed in future studies.
COVID-19 severity in male and older people is associated with
exacerbated inflammation in the respiratory tract

COVID-19 mostly induces mild to moderate clinical symptoms in
younger patients. However, SARS-CoV-2 causes higher morbidity and
mortality in older patients, with exacerbated inflammation of their
respiratory tracts [46,47]. Interestingly, older healthy individuals
present a chronic low-grade sterile systemic inflammation (an
inflammatory response not induced by a pathogen), a process known
as inflamm-aging, with a higher baseline concentration of C-reactive
protein (CRP) and some pro-inflammatory cytokines (IL-1b, IL-6, IL8).
The mechanisms that lead to pro- inflamm-aging are not completely
understood but may involve impaired clearance of dead and dying
cells with sustained inflammation, misfolded proteins, compromised
gut barrier function, obesity and senescent cells which no longer
divide but keep secreting pro-inflammatory cytokines, chemokines,
growth factors and matrix metalloproteinases (MMPs), causing organ
dysfunction during the aging process [48-51]. Interestingly, individu-
als in the same age group that do not present the inflamm-aging pro-
file are healthier and live longer when compared with those with the
inflamm-aging signs [48].

Although inflammation is essential to modulate both innate and
adaptive immune response at the initial phases of immune stimula-
tion, the inflammatory process is actively regulated by many pro-
cesses, including the clearance of dead and dying cells and other
mechanisms [49]. An excessive and non-resolved inflammation can
inhibit antigen-specific immunity in vivo, as shown in the case of
viral cancers [52].
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It is also compelling that the inflamm-aging phenotype may con-
tribute in exacerbating the hyperinflammation observed in older
COVID-19 patients. The inflammation in the lungs of COVID-19
patients may involve the infiltration of monocytes, induction of Natu-
ral Killer Receptor (NKR) ligands (MICA/B) by cytokines produced in
non-lymphoid cells [53], such as the pulmonary respiratory epithelial
cells. These cells can be targeted and killed by NK-like T cells, possibly
contributing to the pulmonary tissue damage in COVID-19 patients
(Figure 3A-E) [47]. In contrast, NK cell production and proliferation in
elderly is reduced and in elderly patients with COVID-19, the NK cells
present in addition, an exhausted phenotype which affects the host
defense against the SARS-CoV-2 acute infection in addition to the
increased secretion of inflammatory cytokines [54,55].

Recent data showing that preexisting antibodies against seasonal
human coronavirus able to cross-react with SARS-CoV-2 may also
account for the clinical differences observed in children and adoles-
cents versus elderly [56-58]. Children and adolescents are more
recurrently infected by seasonal coronaviruses than elderly [58] and
they present the highest amounts of cross-reactive antibodies
between seasonal coronaviruses and SARS-CoV-2. Therefore, it is con-
ceivable that sustained infection by seasonal coronavirus in children
and adolescents induces protective cross-reactive antibodies and
these preexisting antibodies influences the severity of COVID-19 by
SARS-CoV-2 infection, in contrast to elderly. It is also possible that
both mechanisms, inflammaging and preexisting antibodies influen-
ces the clinical outcome differences observed in children, adolescents
and elderly (Figure 3A).

Males present a significantly higher COVID-19 mortality risk
[59,60]. The plasma concentration of inflammatory cytokines and
chemokines such as IL-8 and IL-18 are increased in males infected
with SARS-CoV-2 when compared to females. The exacerbated sys-
temic inflammation is associated with severe pulmonary pathology,
which includes pronounced infiltration of monocytes and neutrophils
[61-63]. Interestingly, it is well described that androgens drive the
expression of Transmembrane protease serine 2 (TMPRSS2) in the
lung and prostate. TMPRSS2 activates the spike protein by cleaving
the S1/S2 and S2 sites of SARS-CoV-2 virus spike proteins. This cleav-
age step is necessary for the virus-host cell membrane fusion and cell
entry mediated by the cellular receptor ACE2 that may account for
some of the observed gender differences [64]. On the other hand,
female patients have higher concentration of Type I IFN (IFNa) in
their plasma that might also contribute to less disease severity [60].
Therefore, differences in Type I IFN expression may also account for
distinct severities in COVID-19 or other viral pneumonias together
with inflamm-aging condition, gender differences and pre-existing
antibodies.

Future Directions

Altogether, these observations suggest several complex mecha-
nisms SARS-CoV-2 induces for the diseases severities observed. Acti-
vation of NK-like T cells that bind to MICA/B and kill the MICA/B
expressing cells is one possible mechanism. This response must be
concerted with other mechanisms. Many recent studies have
described that a fine balance between type I and type III IFN is critical
for optimal protection and minimal host damage [16,17]. Deviation
from this finely tuned balance can harm the patient through the
unleashing of a cytokine storm. The mechanisms that may contribute
to this balance could be the viral and host genetic backgrounds, pre-
vious infections leading to the presence of pre-existing viral antibod-
ies, autoantibodies against Type I IFN (in particular, IFNa and IFNv)
or increased expression of IFNλ associated with poor lung epithelial
cell/tissue repair processes [8-20]. Adding to this complex scenario,
IFNg and TNFa combination induced PANaptosis helps to perpetuate
the cytokine storm and the disease progression with more lung epi-
thelial cell death, tissue damage and increased susceptibility to
bacterial superinfection [44]. Future therapeutic interventions have
to consider these observations and interplays. It seems that binding
of NK-like T cells to MICA/B presenting cells, IFNλ, IFNg , TNFa and
their associated signaling pathways should be targeted to increase
tissue proliferation and repair, while decreasing damage to lung epi-
thelial cell/tissue (for instance, interventions with neutralizing anti-
bodies against Anti-TNFa, Anti-IFNg , Anti-IFNλ or with JAK1/2
inhibitors, STAT1 inhibitors, NO inhibitor, PANoptosis inhibitors).
Blockage of IFNg and TNFa by neutralizing antibodies may increase
survival and inhibit cell PANoptosis after SARS-CoV-2 infection or in
other pathologies associated to cytokine storm. At the same time,
treatment with Type I IFN (IFNa, IFNb IFNv) might be effective in
diminishing SARS-CoV-2, influenza and other respiratory viral infec-
tions. However, it is not clear howmuch we have to modulate/change
the concentration of these molecules systemically for a proper clini-
cal response and if the activation of these pathways can exacerbate
the disease outcome since the SARS-CoV-2 cellular receptor ACE2
expression is increased in human nasal epithelia and lung tissue by
Type I and II IFNs and also by Influenza infection [65]. All the possible
interventions discussed above have to be monitored and provide
qualitative and quantitative data for treatment decision and planning
of patients with different ages, genders and co-morbilities. Further-
more, in light of pre-existing antibodies against the SARS-CoV-2, the
presence of autoantibodies against Type I IFNs and also of inborn
errors of Type I IFN that would affect the therapeutic response, it is
important to generate information concerning the Type I IFN path-
way integrity for a proper evaluation of the possible therapeutic
intervention. At the current stage, the COVID-19 Treatment Guide-
lines Panel from National Institute of Health (NIH, USA) recommends
against the use of interferons for the treatment of patients with
severe or critical COVID-19, except in a clinical trial. There are also
insufficient data to recommend either for or against the use of inter-
feron beta for the treatment of early (i.e., <7 days from symptom
onset) mild and moderate COVID-19 [66], though some recent trials
showed some clinical benefits [67-69].
Outstanding Questions

The contributions of IFNs in viral infection responses is becoming
clear. In SARS-CoV-2 infections, how can we restore the correct IFNs
balances? What are the quantitative values for a proper clinical cor-
rection in the IFNs balances? What are the possible adjuvant thera-
pies to be included for viral clearance with acceptable side effects in
patients? How does TNFa affect IFNg activities and vice-versa? Does
TNFa interact with Type I or Type III IFNs in epithelial tissue prolifer-
ation and repair? Can the use of IFNs or influenza infection increase
SARS-CoV-2 infections by the increase of its cellular receptor ACE2?
Are these interplays occurring in the infections with the new strains
of SARS-CoV-2?
Search Strategy

Data search and selection were identified through searches from
PubMed with the following search terms: “COVID-19”, “SARS-CoV-
2”, “Influenza”, “Interferons”, “Cytokine storms”, “immune response”.
Only articles published in English between 2005 and 2021 were
included.
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