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Introduction
The novel coronavirus disease 2019 (COVID-19) 
outbreak caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) poses a serious threat to 
human populations globally. According to the World 
Health Organization (WHO), more than 42 million 
people worldwide had been confirmed with SARS-CoV-2 
infection up to 24 October 2020, and more than 1 million 
people had died of COVID-19.1 Numerous clinical trials 
are currently ongoing to explore effective antiviral drugs 
for the treatment of COVID-19. Type I interferons (IFN-I), 
as a key component of innate antiviral response, have been 
tested for the treatment and prevention of COVID-19.
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ABSTRACT
Effective prophylactic and therapeutic interventions are urgently needed 
to address the coronavirus disease 2019 (COVID-19) pandemic. Various 
antiviral drugs have recently been tested. Type I interferon (IFN) is a 
regulatory protein involved in the innate immune response, with broad-
spectrum antiviral activities and the ability to directly block viral 
replication and support the immune response to eliminate virus infection. 
Insufficient virus-induced type I IFN production is characteristic of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, 
because SARS-CoV-2 suppresses the IFN response by interacting with 
essential IFN signaling pathways. Exogenous type I IFN is recommended 
for treating COVID-19. Unexpectedly however, angiotensin converting 
enzyme-2 (ACE2) receptor, which acts as a SARS-CoV-2 receptor, was 
shown to be stimulated by IFN, raising doubts about the suitability of 
IFN use. However, further studies have excluded concerns regarding IFN 
administration. Type I IFNs, including IFN-α1b, have been used clinically 
as antiviral drugs for many years and have shown strong antiviral activity 
against SARS-CoV-2 in vitro. Preliminary clinical studies of type I IFNs, 
especially when delivered via aerosol inhalation, have demonstrated 
efficacy for the treatment and prevention of COVID-19. Randomized 
controlled trials of IFN for COVID-19 treatment are ongoing.
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IFN-I is a key component of the innate 
response
The clinical manifestations and pathology of COVID-19 
are similar to those of SARS, but the severities of the 
diseases differ.2 Unlike severe SARS infection, SARS-
CoV-2 infection shows a wide range of clinical features, 
ranging from asymptomatic, mild, and moderate to severe 
and critical. The clinical manifestations of virus infection 
largely depend on virus–host interactions. Asymptomatic 
outcomes of SARS-CoV-2 infection might thus be 
attributed to strong host innate antiviral defense, resulting 
in significantly faster virus turnover than in symptomatic 
patients. The innate IFN-I induction and response provide 
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the first line of defense against viral infection.3 IFN-I 
includes IFN-α, IFN-β, and other IFN subtypes. IFN-α/β 
expression can be induced by virus binding to cell surface 
receptors following recognition by pattern recognition 
receptors ,  including the ret inoic acid-inducible 
gene 1 (RIG-1)/mitochondrial antiviral signaling 
(MAVS)/TANK-binding kinase 1 (TBK1)/interferon 
regulatory factor 3 (IRF3), Toll-like receptor 3/TBK1/
IRF3, and cyclic GMP-AMP synthase/stimulator of 
interferon genes/TBK1/IRF3 signaling pathways, IRF3 
phosphorylation, and nuclear translocation.3,4 IFN-α/
β then initiates activation of the Janus kinase/signal 
transducer and activator of transcription pathway 
resulting in the expression of IFN-stimulated genes 
(ISGs) to accomplish their antiviral function. An 
abnormal innate IFN response state has been shown in 
SARS-CoV-2-infected patients, resulting in a different 
degree of suppression compared with SARS.5 

Insufficient IFN-I response is characteristic of 
SARS-CoV-2 infection

A study using human lung tissue explants ex vivo found 
that SARS-CoV-2 showed more efficient in infection and 
replication compared with SARS-CoV.6 SARS-CoV-2 
RNA levels peaked within 5 days after onset, at levels 
1000 times higher than the peak of SARS-CoV RNA at 
7–10 days after onset.7 The main reason for this may be 
IFN production is blocked and is insufficient to repress 
SARS-CoV-2 replication, as indicated by inefficient 
and delayed IFN-I responses in SARS-CoV-2-infected 
cells, as well as in COVID-19 patients.8 Analysis of virus 
dynamics showed that SARS-CoV-2 virus replication in 
the oropharynx/nasopharynx peaked in most patients, but 
then gradually decreased after the symptoms appeared, 
with the peak of virus replication thus occurring before 
the upper respiratory tract symptoms (i.e. during the 
asymptomatic infection stage).8 Sub-optimal activation 
of the innate immune response, especially reduced IFN-I 
induction, would allow SARS-CoV-2 to replicate actively 
to high levels before the onset of clinical symptoms. IFN 
has thus been recommended to prevent SARS-CoV-2 
infection in susceptible individuals and to treat patients 
in the early stage of infection. Given that the viral load in 
respiratory secretions from COVID-19 patients peaked 
early at the time of symptom onset, the innate immune 
response profiles characterized by a delayed and depressed 
IFN response provide the pharmaceutical basis for the use 
of IFN for COVID-19 treatment.

A recent study showed that the severity of COVID-19 
disease was associated with restrained innate IFN-I levels, 
as well as reduced ISG expression.9 Plasma IFN-α2 
levels in critical COVID-19 patients were remarkably 
lower than in patients with mild-to-moderate disease, 
and IFN-β was undetectable in all patients with mild 

to critical disease. This suggests that reduced IFN-I 
responses to SARS-CoV-2 infection might be related to 
COVID-19 pathogenicity and progression. Blocking of 
IFN-α production by SARS-CoV-2 might be one reason 
why COVID-19 patients progress to a severe or critical 
state. Another clinical study showed that the innate 
IFN response was repressed, presenting as a sustained 
IFN-I absence, in about 20% of critically ill COVID-19 
patients, and patients without IFN-α production had a 
poorer prognosis.9 However, ISG levels were increased 
after IFN-α stimulation, indicating that IFN downstream 
signaling pathways were not impaired in COVID-19 
patients.10 Exogenous IFN could thus supplement the 
virus-inhibited low IFN-I levels and normalize the innate 
IFN response in COVID-19 patients.

Molecular mechanism of SARS-CoV-2 
antagonized the IFN-I response 

Viruses have evolved different molecular mechanisms to 
overcome virus-induced IFN-I expression and signaling, 
allowing them to survive the innate immune response. 
Viruses may encode proteins that target intermediary 
protein kinases involved in IFN-I inducible antiviral 
responses. SARS-CoV-2 and SARS-CoV are both 
β-coronaviruses with 79%–82% nucleotide sequence 
homology.11,12 The SARS-CoV-2 genome comprises 12 
putative functional open reading frames (ORF) and 16 
putative non-structural proteins (Nsp), with no notable 
differences from SARS-CoV.12 The mechanism by which 
SARS-CoV-2 inhibits IFN-I to interfere with the innate 
immune response is mostly preserved (Figure 1). Evidence 
suggests that SARS-CoV-2 uses several conserved virulent 
genes to antagonize the IFN response, including ORF9b, 
Nsp13 (helicase), ORF3b, and Nsp1.13-15 SARS-CoV-2 
ORF9b associates with Tom70, indirectly suppressing 
the IFN signaling adaptor MAVS.13 Nsp13 blocks IFN-
induced expression by interacting with the IFN signaling 
intermediate TBK1. Nsp15 represses IFN expression 
through interacting with TBK1 and the IRF3 activator ring 
finger protein 41/neuregulin receptor degradation protein 
1.13 SARS-CoV-2 ORF3b may block the final step of the 
IFN-induction signaling pathway, IRF3 phosphorylation 
and nuclear translocation. SARS-CoV-2 ORF3b encodes 
a novel short protein, showing more potent suppression 
of IFN induction than SARS-CoV ORF3b, as shown by 
ORF3b isolated from two severe COVID-19 cases.12,14 
Nsp1 effectively blocks the RIG-1-dependent IFN-
inducing pathway and innate IFN antiviral responses via 
associating with ribosomes to inhibit translation of RIG-1 
and ISGs.15 Further studies are needed to compare the IFN-
antagonizing and -stimulation functions of other SARS-
CoV-2 ORF proteins with the functions of their orthologs 
in SARS-CoV.2,12 SARS-CoV-2 may be predicted to 
harbor other molecular mechanisms to interfere with IFN 
induction and signaling and with antiviral ISGs.
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Potential of IFN-I to inhibit SARS-CoV-2
IFN-I is a cytokine with a pivotal role in inducing an 
antiviral response to a wide range of viruses.3 A recent 
preclinical study demonstrated that SARS-CoV-2 was 
highly sensitive to IFN-I treatment in cultured cells.16 
IFN-α significantly reduced the SARS-CoV-2 virus titer in 
Vero cells at a concentration of 50 IU/mL, with EC50 values 
for IFN-α and IFN-β in Vero cells infected with SARS-CoV-2 
of 1.35 IU/mL and 0.76 IU/mL, respectively. SARS-CoV-2 is 
thus more sensitive to human IFN-I than many other human 
pathogenic viruses, including SARS-CoV.16

Recombinant human IFN-α1b demonstrated even more 
promising antiviral effects against SARS-CoV-2 in two 
separate studies using Vero cells. One study showed that 
recombinant human IFN-α1b effectively inhibited SARS-
CoV-2 replication in vitro, with an EC50 of 0.059 U/mL 
and therapeutic index (TI) >1 694 915.17 Comparative 
assessment of its anti-viral activity and cytotoxicity 
showed that IFN-α1b was more effective and safer against 
SARS-CoV-2 in vitro than remdesivir and ganciclovir.17 

Another study demonstrated that IFN-α1b had a stronger 
antiviral effect (>5 times higher; MIC <0.001 ng/mL) than 
two other IFN drugs IFN-α2b and novaferon (unpublished 
data). Meanwhile, IFN-α1b also demonstrated good safety 

(TI >3125; unpublished data). The demonstrated ability of 
IFN-α1b to inhibit SARS-CoV-2 may thus inform the IFN 
antiviral treatment strategy. 

Concern of recombinant IFN for anti-SARS-
CoV-2 treatment

Angiotensin converting enzyme 2 (ACE-2) has been 
recognized as a SARS-CoV receptor,18 and also acts as 
a receptor for SARS-CoV-2 viruses.19 Binding of the S1 
domain of the SARS coronavirus spike protein to ACE-2 
initiates viral entry into the host cell.20-22 This interaction 
between SARS-CoV-2 and ACE-2 has recently become an 
area of intense interest in terms of developing treatments 
against COVID-19.23

Unexpectedly, ACE2 was also recognized as an ISG,24 
raising doubts about the suitability of IFN treatment in 
SARS-CoV-2-infected patients, because of the possibility 
that the IFN-stimulated increase in ACE2 levels might 
increase the entry of SARS-CoV-2. High expression of 
ACE2 might thus be a double-edged sword. This is also 
relevant in relation to the treatment of COVID-19 patients 
with hypertension, given that ACE inhibitors (ACEI) and 
angiotensin II receptor blockers (ARB) are widely used 
as antihypertensive agents and increase the expression 
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of ACE2. However, a clinical study showed that the 
unadjusted COVID-19 mortality rate was significantly 
lower in patients receiving ACEI/ARBs compared with 
those without ACEI/ARBs (3.7% vs. 9.8%),25 suggesting 
that ACE2 generally has a positive role against SARS-
CoV-2. At a molecular level, ACE2 is necessary but not 
sufficient for SARS-CoV-2 entry, and other co-receptors 
or enzymes, such as transmembrane serine protease 2 
and furin, may be also needed for efficient SARS-CoV-2 
binding and entry.19,26 Cholesterol has also been reportedly 
related to SARS-CoV-2 entry, and SARS-CoV-2 cannot 
attach to the ACE2 receptor on the membrane in the 
absence of cholesterol, even at sub-saturating levels of 
SARS-CoV-2.27 Notably, ACE2 protein expression levels 
were increased in young children compared with adults 
in that study, but the symptoms of children infected with 
SARS-CoV-2 were generally milder than those in adults, 
providing indirect evidence to support the use of IFN-I 
treatment for COVID-19.

In teres t ingly,  IFN-β and IFN-γ  increase  ACE2 
expression,28,29 while IFN-α does not stimulate the 
expression of ACE2,24 suggesting that different IFN 
subtypes play different roles against certain viruses. 
Furthermore, the antiviral actions of different IFNs against 
SARS-CoV-2 might counterbalance any proviral effects of 
ACE2 induction and thus restrict the virus.30

Clinical studies of IFN-I for COVID-19
An open-label, randomized, phase II trial showed that 
COVID-19 patients treated with triple combination 
therapy (IFN-β1b, lopinavir/ritonavir, and ribavirin) had a 
shorter median time from the start of treatment to negative 
virus detection (−5 days), shorter time to symptom 
alleviation (−4 days), and shorter hospital stay (−5.5 
days) compared with control patients.31 Meanwhile, there 
was no difference in common adverse events between 
the combination treatment and control groups. Subgroup 
comparison suggested that IFN-β1b played a key role in 
the combination treatment, although there were fewer 
patients in the IFN-β1b subgroup. Significant differences 
in outcomes suggest that IFN might be an effective 
therapeutic agent for SARS-CoV-2.31 The efficacy of IFN-I 
against COVID-19 was further supported in a case study.32 

Nebulized IFN treatment for COVID-19

IFN-I has been widely prescribed for various virus 
infections, including new virus pathogens. Clinical 
evidence of the antiviral effects of IFN treatment can 
usually be extrapolated to apply to phylogenetically 
closely related viruses. A randomized, double-blind, 
placebo-controlled, multicenter clinical study of 
aerosolized IFN-α1b inhalation in patients with adult viral 
pneumonia, including some patients with coronavirus, 
showed that the clinical symptoms of expectoration, lung 
rales, and respiratory rate were significantly improved, 

especially on days 5–7 after treatment, and the clinical 
symptoms improved significantly from 66% to 77% on the 
7th day.33 This study supports the option for the emergency 
use of IFN-α to treat the COVID-19 pandemic. IFN-α 
aerosol inhalation was recommended as the first antiviral 
treatment of COVID-19 in the “Diagnosis and treatment 
protocol for COVID-19 patients” released by the National 
Health Commission of the People’s Republic of China, and 
in the recommendations for the treatment of children with 
COVID-19.34 Nebulized IFN-α2b, with or without Arbidol 
treatment, significantly reduced the duration of detectable 
SARS-CoV-2 virus in the upper respiratory tract and the 
duration of elevated blood levels of the inflammatory 
markers interleukin-6 and C-reactive protein.35 Nebulized 
IFN-α2b treatment could quickly reduce SARS-CoV-2 
carriage.36 Liu et al37 reported that nebulized IFN-α2b, 
combined with low-dose systemic corticosteroids and 
lopinavir/ritonavir, contributed to the zero mortality 
rate in COVID-19 patients. Nebulized IFN was also 
shown to decrease mortality in COVID-19 patients in 
other studies.38,39 Fu et al40 showed that nebulized IFN-k 
plus trefoil factor 2 (TFF2) was associated with clinical 
improvement in COVID-19 patients and their consequent 
early discharge from hospital. A study involving about 
100 COVID-19 patients (NCT04385095) reported that 
nebulized IFN-β1a might be highly effective, with a 79% 
lower risk of developing severe disease.

IFN-α for prevention of COVID-19
A study of the distribution and infection pattern of SARS-
CoV-2 infection showed that it started in nasal epithelial 
cells,41 suggesting that IFN should be administered 
as a spray or drops delivered to the nose or throat. A 
prospective open-label study to investigate the efficacy 
and safety of IFN-α1b nasal drops for COVID-19 
prevention found that 2944 medical staff members were 
all protected from SARS-CoV-2 infection during a 28-day 
period of using nasal IFN-α1b, while 3062 medical staff 
in the same area without IFN-α1b preventive medication 
were infected with COVID-19.42 IFN-α1b nasal drops can 
effectively protect medical personnel at risk of SARS-
CoV-2 infection, thus demonstrating potential for their 
preventive use in susceptible healthy people.42

Outlook
An impaired innate immune response characterized 
by insufficient IFN-I induction is key to SARS-CoV-2 
infection. Exogenous IFN-I has been recommended as a 
candidate treatment for COVID-19. Clinical studies of 
IFN-I, either alone or combined with other drugs, have 
shown positive results in controlling the COVID-19 
pandemic.43 Nebulized inhalation of recombinant human 
IFN-α1b showed confirmed antiviral effects and good 
safety, especially in children.44 Registered clinical studies 
of recombinant human IFN-α1b for the prevention and 
treatment of COVID-19 are ongoing and promising. A 
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clinical study examining the effects of type III IFN against 
SARS-CoV-2 has also been registered. International 
cooperation among different clinical IFN trials has 
initiated the repurposing of the classical antiviral drug IFN 
for the COVID-19 pandemic. 
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