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Antagonism of Type I Interferon by Severe Acute
Respiratory Syndrome Coronavirus 2
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The coronavirus disease 2019 (COVID-19) pandemic is caused by severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2), warranting urgent study of the molecular mechanisms of SARS-CoV-2 infection
and host immune response. Type I interferon (IFN-I) is a key component of host innate immune system
responsible for eliminating the virus at the early stage of infection. In contrast, SARS-CoV-2 has evolved
multiple strategies to evade innate immune response to facilitate viral replication, transmission, and patho-
genesis. This review summarizes the recent progresses on SARS-CoV-2 proteins that antagonize host IFN-I
production and/or signaling. These progresses have provided knowledge for new vaccine and antiviral devel-
opment to prevent and control COVID-19.
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Introduction

The pandemic of coronavirus disease 2019 (COVID-19)
first emerged in Wuhan, China, and has rapidly spread

across the globe, leading to millions of infections (WHO
2020). The causative pathogen of COVID-19 is severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), a novel
coronavirus that belongs to b-coronavirus of the Coronavir-
idae family (Zhu and others 2020). SARS-CoV-2 infection,
like previous severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East respiratory syndrome cor-
onavirus (MERS-CoV), induces mild-to-severe respiratory
illness, including fever, dry cough, breathing difficulties, and
acute respiratory distress syndrome, which may lead to long-
term reduction in lung function and death (Assiri and others
2013; Huang and others 2020; Wu and McGoogan 2020).

SARS-CoV-2 is an enveloped virus, containing a positive-
sense single-strand *30 kb genome RNA, which encodes 16
nonstructural proteins (nsp1–16), 4 structural proteins [spike
(S), envelop (E), membrane (M), and nucleocapsid (N)], and
7 accessory proteins and 8 accessory proteins (ORF3a,
ORF3b, ORF6, ORF7a, ORF7b, ORF8, ORF9b, and ORF10)
(Fig. 1A). Among them, the nsps are responsible for viral
replication, the structural proteins for virion formation, and
the accessory proteins for modulation of host response. The
accessory proteins facilitate viral infection, but are not es-
sential for viral replication.

Although intensive efforts are being made toward coun-
termeasure development, only repurposed drugs (e.g., re-
mdesivir as direct antiviral and dexamethasone as a steroid
immune modulator for patients on ventilator) and convales-
cent plasma have been approved for emergency use authori-
zation from the Food and Drug Administration. Promising
therapeutic monoclonal antibodies are currently evaluated in
clinical trials. Various vaccine candidates with different
technological platforms are also being developed, many of
which are in clinical trials (Mulligan and others 2020).

The innate interferon (IFN) response constitutes one of
the first lines of defense against viral infections. Type I IFN
(IFN-I) is a vital component of the early innate immune
response that is initiated through multiple host pattern rec-
ognition receptors recognizing viral pathogen-associated
molecular patterns, such as retinoic acid-inducible gene I
(RIG-I)-like receptors (RLRs), Toll-like receptors (TLRs),
cytoplasmic DNA receptors, and nucleotide-binding and
oligomerization domain (NOD)-like receptors (NLRs)
(Meylan and others 2006; Acharya and others 2020; Li and
others 2020a and 2020b; Park and Iwasaki 2020).

Upon SARS-CoV-2 infection, the stem loop in genomic
RNA and/or double-strand RNA generated in replication are
recognized by RIG-I or melanoma differentiation-associated
gene 5 (MDA5), inducing a conformation change to expose
the caspase activation recruitment domains (CARD) of RIG-
I or MDA5. The exposure of CARD could interact with the
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CARD of the adapter mitochondrial antiviral signaling pro-
tein (MAVS), which subsequently recruits multiple down-
stream signaling components to the mitochondria, including
inhibitor of k-B kinase e (IKKe) and TANK binding kinase 1
(TBK1). Both kinases phosphorylate and activate them-
selves, such activation leading to phosphorylate the IFN
regulatory factor 3 (IRF3). The phosphorylated IRF3 forms
homodimer and translocates into nucleus to stimulate IFN-I
genes (IFN-a and IFN-b) expression (Fitzgerald and others
2003; Liu and others 2015).

Secreted IFN-I binds to the IFN-a and IFN-b receptors on
cell surface, leading to activating Janus kinase 1 ( JAK1) and
tyrosine kinase 2 (TYK2), which, in turn, phosphorylate the
downstream components, signal transducer, and activator of
transcription proteins (STAT1 and STAT2) (Levy and
Darnell 2002). Phosphorylated STAT1 and STAT2 hetero-
dimerize and interact with IRF9 to form the IFN-stimulated
gene factor 3 (ISGF3). The ISGF3 complex undergoes nu-

clear translocation and binds to IFN-I–stimulated response
elements (ISREs), inducing the expression of ISGs with
antiviral functions, such as protein kinase R (PKR), 2¢,5¢-
oligoadenylate synthetase (OAS), and RNase L (Balachan-
dran and others 2000; Samuel 2001; Malathi and others 2007;
Schneider and others 2014; Schoggins and others 2015).

In response to host immune system, coronaviruses have
evolved diverse strategies to suppress the induction of IFN-I
and antiviral functions of ISGs.

The outcome of any viral infection is determined by
pathogen amplification and immune response. SARS-CoV-2
has been reported to be highly sensitive to IFN-I inhibition
(Lokugamage and others 2020; Mantlo and others 2020).
Extremely low levels of IFN-I expression or ISGs was de-
tected in SARS-CoV-2–infected cells, animals, and patients
(Blanco-Melo and others 2020; Hadjadj and others 2020;
Israelow and others 2020). Early IFN-I administration is
vital to protect host from lethal infection through limiting

FIG. 1. SARS-CoV-2 proteins antagonize host IFN-I response. (A) Genome structure of SARS-CoV-2. The opening
reading frames are shown, including ORF1ab (nonstructural proteins), structural proteins, and accessory proteins.
(B) Evasion of IFN-I by SARS-CoV-2 proteins. The inhibitory targets of IFN-I production (left) and signaling (right) are
indicated. Viral proteins with IFN-I inhibitory activities but with unknown targets are indicated in red boxes and question
marks. See text for details. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; IFN-I, type I interferon.
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viral replication and spread (Channappanavar and others
2019; Goncalves and others 2020). Collectively, these studies
indicate that SARS-CoV-2 could efficiently antagonize innate
immune response through IFN-I induction and downstream
IFN-1 signaling. In this review, we summarize the host IFN-
I–mediated immune response in SARS-CoV-2 infection and
the strategies the virus has employed to evade the immune
response.

SARS-CoV-2 Proteins Antagonizing Host Innate
IFN-I Response

SARS-CoV-2 utilizes various approaches to evade host
IFN-I response, including suppression of IFN-I production
and IFN-I signaling (Fig. 1B).

Nonstructural Proteins

SARS-CoV-2 encodes a larger ORF1ab polyprotein,
which is processed into 16 nsps (nsp1–16). The first nsp1
has shown potent efficacy to block IFN-I production and
signaling pathways (Mantlo and others 2020; Xia and others
2020). SARS-CoV nsp1 has been well documented to in-
hibit IFN-I through suppression of host gene expression
(mRNA degradation and translation inhibition) and through
reduction of STAT1 phosphorylation (Kamitani and others
2006, 2009; Narayanan and others 2008; Huang and others
2011). SARS-CoV-2 nsp1 shows 84% amino acid sequence
identity with SARS-CoV nsp1, suggesting a similar mech-
anism to block IFN-I response.

The C-terminal region of SARS-CoV-2 nsp1 was shown to
interact with the 40S subunit of ribosome, blocking the mRNA
channel, leading a shutdown of host protein translation, includ-
ing the expression of IFN-I and ISGs (Schubert and others 2020;
Thoms and others 2020). After the SARS-CoV-2 outbreak,
different groups have reported SARS-Cov-2 nsp1 is a potent
IFN-I antagonist that significantly decreases >95% expression
of IFN-I and ISGs (Lei and others 2020; Xia and others 2020;
Yuen and others 2020). Besides shutting off host translational
machinery, SARS-CoV-2 nsp1 has been found to inhibit
IFN-I signaling by blocking STAT1 and STAT2 phosphor-
ylation. In addition, SARS-CoV-2 nsp1 is more efficient than
those of SARS-CoV and MERS-CoV to suppress phosphor-
ylation of STAT1 and STAT2 (Xia and others 2020).

Nsp3, known as papain-like protease (PLpro), functions
as a protease to cleave nsp1–4 and a potential deubiquitinase
(DUB) based on motif sequence analysis. Owing to the large
size (*5.8 kb), it is challenging to express the full length of
nsp3. Yuen and colleagues expressed the PLpro domain of
nsp3 and reported that SARS-CoV-2 nsp3-PLpro marginally
inhibited IFN-I production and signaling (Yuen and others
2020). However, compared with SARS-CoV-2 nsp3-PLpro,
SARS-CoV nsp3-PLpro not only inhibited RIG-I–induced
IFN-I production and IFN-I downstream signaling, but also
strongly deubiquitinated host polyubiquitinated proteins,
implying that the DUB activity of SARS-CoV-2 nsp3-PLpro
plays a pivotal role in IFN-I antagonism and viral patho-
genesis (Clementz and others 2010; Matthews and others
2014; Yuen and others 2020).

By contrast, Lei and others (2020) found that SARS-CoV-
2 inhibited IFN-b production by 50% using Sendai virus
(SeV) or RIG-I as a stimulator, but not MDA5. Moreover,
Dikic and coworkers showed that SARS-CoV-2 nsp3-PLpro

limited IFN-I production by cleaving the ubiquitin-like
protein ISG15 and decreasing the phosphorylated IRF3
(Shin and others 2020). Furthermore, Moustaqil and others
(2020) employed a cell-free cleavage assay to show that
SARS-CoV-2 nsp3 was able to directly cleave IRF3, re-
sulting in decreased IRF3 activation and IFN-I production.

Coronavirus nsp6 protein is a transmembrane protein with
multiple functions. It participates in the formation of
double-membrane vesicles for replication–transcription, af-
fects host autophagy, and restricts IFN-I response (Cottam
and others 2011; Angelini and others 2013; Xia and others
2020). In vitro IFN-b promoter-driven luciferase report as-
say shows that SARS-CoV-2 nsp6 interacts with TBK1 to
inhibit the activation of IRF3, although such interaction
does not affect TBK1 phosphorylation. In addition, nsp6
reduces the phosphorylation of STAT1 and STAT2 during
IFN-I signaling. Notably, SARS-CoV-2 nsp6 exhibits more
efficient suppression of RIG-I–induced IFN-I production
and IFN-I–stimulated ISGs production than those nsp6 from
SARS-CoV and MERS-CoV do, which confers higher viral
replication in an IFN-I–stimulated transient replicon system
(Xia and others 2020).

Nsp13 is a highly conserved superfamily 1 helicase, which
has strong inhibitory effects on IFN-I production and sig-
naling. Overexpression of SARS-CoV-2 nsp13 significantly
suppresses IFN-b–driven luciferase activity when cells are
continually stimulated by SeV, RIG-I, MAVS, IKKe, or
TBK1, except IRF3–5D (a phosphor-mimic of the activated
IRF3) (Lei and others 2020; Xia and others 2020; Yuen and
others 2020). Coimmunoprecipitation and proteomic results
indicated that nsp13 binds to TBK1, leading to decreased
phosphorylation of TBK1 and inactivation of IRF3 (Gordon
and others 2020; Hoffmann and others 2020; Xia and others
2020). Further studies are required to determine the molecular
details of how TBK1 is inactivated by nsp13. In addition,
nsp13 is identified as a potent antagonist of IFN-I signaling
through inhibiting STAT1 and STAT2 activation, resulting in
the retention of STAT1 in the cytoplasm and compromised
stimulation of ISRE promoter (Lei and others 2020; Xia and
others 2020; Yuen and others 2020).

Coronaviruses nsp14 and nsp15 have been identified as
potent IFN-I antagonists (Chen and others 2009; Frieman
and others 2009; Deng and others 2017). Nsp14 is a
guanine-N7-methyltransferase, which is required for cor-
onavirus replication and transcription by forming an RNA
cap that mimics the host mRNA cap (Chen and others
2009). Overexpression of SARS-CoV-2 nsp14 significantly
reduced the luciferase activities driven by IFN-b promoter
or ISRE promoter (Yuen and others 2020). Our group and
Lei and others (2020) also identified the inhibitory effect of
nsp14 on IFN-I signaling, but suppression of IFN-I pro-
duction induced by RIG-I was not observed. Further studies
focusing on the mechanisms would address this discrepancy
and reveal the underlying molecular details.

Nsp15 functions as an endoribonuclease, Yuen and others
(2020) demonstrated nsp15 could inhibit IFN-I production
and signaling effectively. Affinity-purification mass spec-
trometry results show nsp15 is involved in IFN-I induction
by interaction with RNF41, an E3 ligase associated with
activation of IRF3, but the exact mechanism remains to be
determined (Gordon and others 2020).

In addition, nsp7 and nsp12 have been shown to weakly
antagonize IFN-I response, in which the IFN-b and ISRE
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promoter retain >60% activity (Yuen and others 2020).
Owing to the dual role of the nsps in viral replication and
IFN-I antagonism, future investigations are needed to dif-
ferentiate the 2 roles in the context of complete SARS-
CoV-2. The availability of the infectious cDNA clone of
SARS-CoV-2 makes it possible to perform such studies
(Xie and others 2020a).

Structural Proteins

Coronavirus structural proteins have also been shown to
inhibit IFN-I production and signaling through multiple
mechanisms. SARS-CoV N protein antagonizes IFN-I pro-
duction by suppressing TRIM25-mediated RIG-I activation,
and M protein can directly interact with RIG-I, TBK1, IKKe,
and TRAF3 to prevent the formation of TBK1-IKKe complex
(Siu and others 2009; Hu and others 2017). However, little
information is available about the function of SARS-CoV-2
structural proteins in antagonizing IFN-I response.

A recent report by Yuen and others (2020) shows that S
and M inhibit IFN-b production to *10%, and that indi-
vidual structural proteins marginally inhibit IFN-I signaling.
Lei and others found that M protein significantly suppressed
IFN-I induction when cells were stimulated by SeV, MDA5,
or RIG-I. They also found that S protein suppressed IFN-I
signaling, whereas N protein inhibited both IFN-I produc-
tion (when cells were infected with SeV) and IFN-I sig-
naling through decreasing the phosphorylation of STAT1
and STAT2 (Lei and others 2020; Mu and others 2020).

In our study, SARS-CoV-2 M protein was found to sig-
nificantly block phosphorylation of STAT1, leading to a
reduction of expression of ISGs (Xia and others 2020).
These discrepancies could be due to various experimental
systems, especially when the luciferase report assay was
performed under different expression levels of viral pro-
teins. Further mechanic studies are needed to define the
molecular details of viral and host proteins that contributed
to the observed antagonism of innate immune response.

Accessory Proteins

Although accessory proteins are dispensable for cor-
onavirus infection and replication, they are evolved to
modulate the host immune response and to facilitate viral
infection and pathogenesis. SARS-CoV-2 accessory proteins
were found to antagonize IFN-I response through different
tactics, among which ORF6 was consistently identified as
the most potent inhibitor of IFN-I response (Lei and others
2020; Xia and others 2020; Yuen and others 2020). We
found that SARS-CoV-2 ORF6 could hijack the nuclear
importin Karyopherin a 2 (KPNA2) to block IRF3 and
ISGF3 nuclear translocation, leading to the silence of
downstream IFN-I and ISGs gene expression levels. Lei and
others (2020) made a series of truncations to show that the
C-terminus of ORF6 was critical for its inhibitory effects.

Recently, ORF3b was reported to be a shorter variant,
when compared with SARS-CoV ORF3b, due to early ter-
mination. SARS-CoV ORF3b potently inhibited IFN-I pro-
duction through its C-terminus (Konno and others 2020).
Because a low amount of ORF3b-expressing plasmid DNA
(20 ng) was used in our transfection experiment, we did
detect any inhibition of IFN-b promoter activity by ORF3b.

Both ORF7a and ORF7b strongly blocked IFN-I signaling
in our screening system; interestingly, ORF7a only sup-
pressed STAT2 phosphorylation, whereas ORF7b inhibited
both STAT1 and STAT2 phosphorylation (Xia and others
2020). ORF8 was also found to block IFN-b production and
signaling in a dose-dependent manner, but the underlying
mechanism remains to be defined (Li and others 2020a and
2020b). In addition, ORF9b, an alternative ORF in the N
protein, was reported to be recruited to MAVS through inter-
acting with TOM70, leading to the inactivation of TOM70-
mediated IFN-I production (Jiang and others 2020).

Conclusion

It is critical to understand pathogen–host interactions for any
infectious disease. Such knowledge provides the rationale for
therapeutics and vaccine development. Since IFN-I represents
the most important first line of defense, it has been used to treat
different viral infections in patients (Smith and others 1999;
Hung and others 2020). SARS-CoV-2 was shown to be sensitive
to IFN-I inhibition, suggesting its potential use for COVID-19
treatment, especially at the early stage of infection (Blanco-
Melo and others 2020; Hadjadj and others 2020).

An increasing number of reports have been published on
SARS-CoV-2 proteins that antagonize IFN-I response.
Some viral proteins were consistently found to inhibit IFN-I
response in different studies, whereas other viral proteins
were not. As already discussed, the discrepancies were
mainly caused by different experimental conditions in var-
ious studies ( Jiang and others 2020; Konno and others 2020;
Mu and others 2020; Schubert and others 2020; Xia and
others 2020; Yuen and others 2020). To consolidate these
results, it is important to validate the screen findings in
multiple experimental systems, particularly in the context of
authentic viral replication (Kim and others 2020).

To achieve such validation, reverse genetic systems of
SARS-CoV-2 could be used to generate mutant viruses,
chimeric virus (with viral proteins from SARS-CoV or
MERS-CoV), and specific gene deletion viruses (Muruato
and others 2020; Xia and others 2020; Xie and others
2020b). Such recombinant viruses could be examined for
their IFN-I antagonism in cell culture and animal models.
Viruses defective in antagonizing IFN-I response, in com-
bination with replication-defective mutations, could poten-
tially be developed as live-attenuated vaccine candidates.
These studies may reveal a universal vaccine approach that
is suitable for any future emerging coronaviruses.
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