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The ongoing coronavirus disease 2019 pandemic has forced the 
clinical and scientific community to try drug repurposing of ex-
isting antiviral agents as a quick option against severe acute res-
piratory syndrome–coronavirus 2 (SARS-CoV-2). Under this 
scenario, interferon (IFN) β-1a, whose antiviral potential is already 
known, and which is a drug currently used in the clinical manage-
ment of multiple sclerosis, may represent as a potential candidate. 
In this report, we demonstrate that IFN-β-1a was highly effective 
in inhibiting in vitro SARS-CoV-2 replication at clinically achiev-
able concentration when administered after virus infection.

Keywords.   SARS-CoV-2; IFN-β-1a; COVID-19 clinical 
trial.

The current severe acute respiratory syndrome–coronavirus 
2 (SARS-CoV-2) pandemic is severely affecting global health, 
putting an unprecedented strain on health facilities world-
wide. The lack of effective direct-acting antiviral drugs and of 
immune modulatory therapies, validated through large popu-
lation studies, worsens the scenario. While waiting for specific 
antivirals and vaccines to be developed, the biomedical com-
munity are also focused on drug repurposing: this is the case 
with hydroxychloroquine, viral protease inhibitors, and several 
immunomodulatory drugs already in clinical use for other in-
dications [1]. 

In this scenario, interferons (IFNs) may also be considered, 
including IFN-β-1a, which has been widely used, and is still 
applied in some settings, for the management of relapsing-
remitting multiple sclerosis [2]. At this time, several articles 
have already suggested that type I  IFNs can interfere with 

coronavirus infections [3, 4]. In particular, the activity of IFN-
β-1a has been described against SARS-CoV-1 both in vitro and 
in vivo, showing a protective effect on acute lung injury in a 
macaque model of infection [5, 6]. In the current study, we as-
sessed its anti-SARS-CoV-2 activity in vitro to give a preclinical 
background to clinical trials evaluating the possible therapeutic 
role of IFN-β-1a in patients with coronavirus disease 2019 
(COVID-19).

METHODS 

Cells and Virus

Vero E6 cells (Vero C1008; clone E6–CRL-1586; American Type 
Culture Collection) were cultured in Dulbecco’s modified Eagle 
medium supplemented with nonessential amino acids, peni-
cillin/streptomycin, Hepes buffer, and 10% (vol/vol) fetal bo-
vine serum (FBS). A clinical isolate of SARS-CoV-2 (hCoV-19/
Italy/UniSR1/2020; GISAID accession no. EPI_ISL_413489) 
was obtained and propagated in Vero E6 cells.

Virus Titration

Virus stocks were titrated using both plaque reduction (plaque-
forming units per milliliter) and end-point dilution ( median 
tissue culture infective dose per milliliter) assays. In plaque re-
duction assays, confluent monolayers of Vero E6 cells were in-
fected with eight 10-fold dilutions of virus stock. After 1 hour of 
adsorption at 37°C, the cell-free virus was removed. Cells were 
then incubated for 48 hours in Dulbecco’s modified Eagle me-
dium containing 2% FBS and 0.5% agarose. Cells were fixed and 
stained, and viral plaques were counted. In end-point dilution 
assays, Vero E6 cells (4 × 105 per well) were seeded into 96-well 
plates and infected with base 10 dilutions of virus stock. After 1 
hour of adsorption at 37°C, the cell-free virus was removed, and 
complete medium was added to cells. After 48 hours, cells were 
observed to evaluate the cytopathic effect (CPE).

Infection Inhibition Experiment

Vero E6 cells were seeded into 96-well plates 24 hours before the 
experiment, and when at 95% confluency for each well, infected 
for 1 hour with SARS-CoV-2 at a multiplicity of infection (MOI) 
of 0.001 [7, 8]. Cells were washed with phosphate-buffered saline 
1× to remove cell-free virus particles, and 200 μL of FBS-free me-
dium containing different concentrations (5000 to 0.01 IU/mL) of 
IFN-β-1a (Avonex; Biogen Idec) was added to cells. The experi-
ment ended 96 hours after infection. The possible drug toxicity 
of IFN-β-1a at a concentration of 5000 IU/mL was also tested on 
uninfected cells. Two experiments were performed in quadrupli-
cate; live images were acquired (with an Olympus CKX41 inverted 
phase-contrast microscope) at 48, 72, and 96 hours after infection, 
and cell supernatants were collected for real-time quantitative 
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reverse-transcription polymerase chain reaction (qRT-PCR) anal-
ysis at 48 and 72 hours after infection.

Viral RNA Extraction and qRT-PCR

The SARS-CoV-2 RNA relative amounts detected in each ex-
perimental condition as a cycle threshold (Ct) value were 
compared, with a mean Ct value determined for the positive 
infection control. The viral RNA was purified from 140 μL of 
all cell-free culture supernatant, using the QIAamp Viral RNA 
Mini Kit (Qiagen) and following the manufacturer’s instruc-
tions. The purified RNA was subsequently used to perform 
the synthesis of first-strand complementary DNA, using the 
SuperScript First-Strand Synthesis System for RT-PCR (Thermo 
Fisher Scientific), following the manufacturer’s instructions. 

Real-time PCR, using the SYBR Green dye–based PCR am-
plification and detection method, was performed to detect the 
complementary DNA. We used the SYBR Green PCR Master 
Mix (Thermo Fisher Scientific), with the forward primer N2F 
(TTA CAA ACA TTG GCC GCA AA), the reverse primer N2R 
(GCG CGA CAT TCC GAA GAA), and the following PCR 
conditions: 95°C for 2 minutes, 45 cycles of 95°C for 20 seconds, 
annealing at 55°C for 20 seconds and elongation at 72°C for 
30 seconds, followed by a final elongation at 72°C for 10 min-
utes. RT-PCR was performed using the ABI-PRISM 7900HT 
Fast Real Time instrument (Applied Biosystems) and optical-
grade 96-well plates. Samples were run in duplicate, with a total 
volume of 20 μL.

Statistical Analysis

CPE cells observed were normalized to corresponding virus in-
fection control and used to fit a curve with nonlinear regression 
for half-maximal effective concentration (EC50) interpolation. 
The qRT-PCR results were analyzed, calculating the difference 
in Ct (ΔCt) as the difference between Ct values obtained for 
tested drug concentrations and for the infection control. Then 
2-way analysis of variance and Dunnett multiple comparisons 
tests were performed to evaluate differences in ΔCt means 
evaluated for each group.

RESULTS

Antiviral Activity of IFN-β-1a

Vero E6 cells were treated with concentrations ranging from 
5000 to 0.01 IU/mL of IFN-β-1a 1 hour after inoculation with 
SARS-CoV-2 and monitored for cytopathic effect and real-time-
PCR quantitative evaluation at 48, 72, and 96 hours after infec-
tion. Inhibition of the SARS-CoV-2 by IFN-β-1a was dependent 
on both time and drug concentration. No morphological alter-
ations related to drug toxicity was observed in uninfected cells 
treated with IFN-β-1a at 5000 IU/mL.

In particular, CPE was assessed at 48, 72, and 96 hours after 
infection (Figure 1A). First signs of CPE were already observed 
at the first time point, when cells were treated with low drug 

concentrations. Marked CPE was evident at 72 hours, showing 
that 10 IU/mL of the drug gave full protection from virus in-
fection, while it was inhibited only partially with lower concen-
trations (5 to 0.1 IU/mL). As expected, 96-hour images showed 
that only higher concentrations of IFN-β-1a (5000 to 50 IU/mL) 
completely protected cells from SARS-CoV-2 infection. Lower 
tested concentrations (0.05 and 0.01 IU/mL) had no effect on 
hindering virus replication. Data were used for EC50 calcula-
tions at different time points, resulting in 1.971 IU/mL (95% 
confidence interval, .3969–4.891 IU/mL) at 48 hours, 2.071 IU/
mL (.5982–5.819 IU/mL) at 72 hours, and 4.682 IU/mL (3.505–
6.018 IU/mL) at 96 hours after infection (Figure 1B).

qRT-PCR Analysis

Cell supernatants collected 48 and 72 hours after infection from 
different cells treated with all drug concentrations were ana-
lyzed using RT-PCR. The results were fully comparable with 
CPE data (Figure 1C) for both time points, as Ct levels detected 
were inversely proportional to the amount of target nucleic acid 
in the sample. The ΔCt values were reported as the differences 
between Ct values for treated and untreated cells. Significant 
ΔCt values were observed down to the IFN-β-1a concentration 
of 5 IU/mL, at 48 hours (P < .05) and especially at 72 hours 
(P < .001). The Ct for 10 IU/mL was higher at 72 hours than 
at 48 hours (both P < .001), and results obtained with both 500 
and 50 IU/mL concentrations were significantly different from 
the infection control at both time points (P < .001).

DISCUSSION

Several clinical trials on the administration of IFN to patients 
with COVID-19 are currently ongoing, even without experi-
mental preclinical evidence of anti-SARS-CoV-2 potential [9] 
(https://www.hra.nhs.uk/covid-19-research/approved-covid-
19-research/281317/). Among the IFNs currently available for 
clinical use, IFN-β-1a represents an interesting option, because 
its pharmacological features are well known. A very recent ar-
ticle, just released as a preprint during the submission of the 
current manuscript, describes the effect of IFN-β-1a when used 
before infection of cells with SARS-CoV-2 [10]. 

Our in vitro observations shed light for the first time on that 
antiviral activity of IFN-β-1a against SARS-CoV-2 when ad-
ministered after the infection of cells, highlighting its possible 
efficacy in an early therapeutic setting. To this point, we detected 
that IFN-β-1a effectively inhibits both infectious virus par-
ticles and viral RNA on treated cells, when compared to virus-
positive infection control without toxicity at its highest tested 
concentration. Moreover, the drug EC50 evaluated at 48, 72, and 
96 hours after infection can be easily accessed in the clinical set-
ting and could therefore help in addressing drug administration 
regimens in vivo [11]. From this perspective, it is important to 
note that, in our experimental setting, IFN-β-1a activity is re-
tained up to 96 hours after its use on the infected cells.

https://www.hra.nhs.uk/covid-19-research/approved-covid-19-research/281317/
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We are aware of the limitations of this preliminary study, 
such as the lack of a parallel evaluation of the activity IFN-
β-1a on other viruses, such as vesicular stomatitis virus, whose 
clinical sensitivity to the drug is well known, to establish the 
level of susceptibility of SARS-CoV-2 to type I IFN. Moreover, 
owing to the lack of standardized phenotypic tests for this 
novel coronavirus, we have preferred to set the virus amount 
used for all assays on the CPE observed at the 3 time points 
(48, 72, and 96 hours after infection), rather than using a pre-
determined MOI. Hence, the antiviral activity of IFN-β-1a 
against SARS-CoV-2 was evaluated only at a single low MOI in 
a multiple-cycle replication condition, as previously reported 
for SARS-CoV-1 [7, 8]. 

It would also be interesting to test the activity of IFN-β-1a on 
other SARS-CoV-2 isolates featuring different phenotypic be-
haviors and possibly on animal models of COVID-19 to further 
assess, and dissect, the clinical potential of this therapeutic ap-
proach [12, 13]. This would have certainly have allowed a more 

complete evaluation of the clinical potential of IFN-β-1a ac-
tivity in the clinical setting of COVID-19. Moreover, further in 
vitro testing on other cells of different IFNs, such as IFN-λ, may 
complement our preliminary results, it being of extreme impor-
tance to continue supporting IFN-based clinical trials [14]. 

Finally, we are fully aware that the preclinical evaluation of 
the antiviral activity of a drug, such as IFN-β-1a, is only a par-
tial assessment of its possible clinical role in a disease such as 
COVID-19, in which the beneficial or detrimental effect of type 
I IFN is still to be established and in which immune-mediated 
damage is probably extremely important in determining the 
development of the worst outcomes of the infection [15]. 
Nonetheless, while we are surprised by the current lack of data 
on IFN-β-1a against SARS-CoV-2 in the literature, it is both ur-
gent and clinically important to deliver data indicating whether 
type I  may display direct antiviral activity against this virus. 
Obviously, its antiviral potential deserves further investigation 
in such an atypical setting.
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Figure 1.  Antiviral activity of interferon (IFN) β-1a. A, Cytopathic effect (CPE) on infected cells treated with different concentrations of IFN-β-1a. Bright-field microscopic im-
ages (×20 magnification; 48, 72, and 96 hours after infection) show representative CPE of a clinical isolate of severe acute respiratory syndrome–coronavirus (hCoV-19/Italy/
UniSR1/2020) detected on both untreated (virus control) and treated cells. Uninfected cells treated with 5000 IU/mL of IFN-β-1a are also shown. B, Half-maximal effective 
concentration calculated on CPE detected at 48, 72, and 96 hours after infection. C, quantitative reverse-transcription polymerase chain reaction (qRT-PCR) analysis of cell 
supernatants at 48 and 72 hours after infection. Cycle threshold (Ct) levels are inversely proportional to the amount of target nucleic acid in the sample (the lower the Ct, the 
greater the amount of virus within the tested supernatant). The difference in Ct (ΔCt) is represented on the y-axes. Median values are shown for all experimental replicates, 
each tested in duplicate with qRT-PCR, and error bars represent 95% confidence intervals. *P < .05; †P < .001.



 BRIEF REPORT  •  jid  2020:222  (1 September)  •  725

Notes

Acknowledgments. We thank Dan McAuley for revising the 
English in the manuscript

Author contributions. N.C.  and N.  M.  conceived the study. 
R. F. and M. Castelli performed the reverse-transcription polymerase 
chain reaction–based experiments and analyzed data. N. C., E. C., 
and R. A .D. performed experiments and analyzed data. N. C., R. F., 
E. C., R. A. D., M. Castelli, C. S., G. A., M. Clementi, and N. M. ana-
lyzed all the results. All authors revised the manuscript, discussed the 
results, and contributed to the final manuscript.

Potential conflicts of interest. All authors: No reported 
conflicts. All authors have submitted the ICMJE Form for 
Disclosure of Potential Conflicts of Interest. Conflicts that the 
editors consider relevant to the content of the manuscript have 
been disclosed. 

References

1.	 Khan RJ, Jha RK, Amera GM, et al. Targeting SARS-CoV-2: 
a systematic drug repurposing approach to identify prom-
ising inhibitors against 3C-like proteinase and 2’-O-ribose 
methyltransferase [published online ahead of print April 
20, 2020]. J Biomol Struct Dyn 2020:1–14.

2.	 Limmroth  V, Putzki  N, Kachuck  NJ. The interferon beta 
therapies for treatment of relapsing-remitting multiple scle-
rosis: are they equally efficacious? a comparative review of 
open-label studies evaluating the efficacy, safety, or dosing 
of different interferon beta formulations alone or in combi-
nation. Ther Adv Neurol Disord 2011; 4:281–96.

3.	 Cinatl J, Morgenstern B, Bauer G, Chandra P, Rabenau H, 
Doerr  HW. Treatment of SARS with human interferons. 
Lancet 2003; 362:293–4.

4.	 Sallard  E, Lescure  FX, Yazdanpanah  Y, Mentre  F, Peiffer-
Smadja  N. Type 1 interferons as a potential treatment 
against COVID-19. Antiviral Res 2020; 178:104791.

5.	 Hensley  LE, Fritz  LE, Jahrling  PB, Karp  CL, Huggins  JW, 
Geisbert TW. Interferon-β 1a and SARS coronavirus repli-
cation. Emerg Infect Dis 2004; 10:317–9.

6.	 Smits SL, de Lang A, van den Brand JM, et al. Exacerbated 
innate host response to SARS-CoV in aged non-human pri-
mates. PLoS Pathog 2010; 6:e1000756.

7.	 Schneider M, Ackermann K, Stuart M, et al. Severe acute 
respiratory syndrome coronavirus replication is severely 
impaired by MG132 due to proteasome-independent inhi-
bition of M-calpain. J Virol 2012; 86:10112–22.

8.	 Ströher  U, DiCaro  A, Li  Y, et  al. Severe acute respiratory 
syndrome-related coronavirus is inhibited by interferon-α. 
J Infect Dis 2004; 189:1164–7.

9.	 Zhou  Q, Xiang  X, Wang  X, et  al. Interferon-a2b treat-
ment for COVID-19. medRxiv [Preprint]. 10 April 2020. 
Available from: https://doi.org/10.1101/2020.04.06.200425
80.

10.	 Mantlo E, Bukreyeva N, Maruyama J, Paessler S, Huang C. 
Antiviral activities of type I interferons to SARS-CoV-2 in-
fection. Antiviral Res 2020; 179:104811.

11.	 Gutterman JU, Fine S, Quesada J, et al. Recombinant leuko-
cyte A interferon: pharmacokinetics, single-dose tolerance, 
and biologic effects in cancer patients. Ann Intern Med 
1982; 96:549–56.

12.	 Ogando  NS, Dalebout  TJ, Zevenhoven-Dobbe  JC, et  al. 
SARS-coronavirus-2 replication in Vero E6 cells: replica-
tion kinetics, rapid adaptation and cytopathology. J Gen 
Virol 2020. doi:10.1099/jgv.0.001453

13.	 Yuan  L, Tang  Q, Cheng  T, Xia  N. Animal models for 
emerging coronavirus: progress and new insights. Emerg 
Microbes Infect 2020; 9:949–61.

14.	 Franco  EJ, Rodriquez  JL, Pomeroy  JJ, Hanrahan  KC, 
Brown  AN. The effectiveness of antiviral agents with 
broad-spectrum activity against chikungunya virus varies 
between host cell lines. Antivir Chem Chemother 2018; 
26:2040206618807580.

15.	 Scagnolari C, Antonelli G. Type I interferon and HIV: subtle 
balance between antiviral activity, immunopathogenesis 
and the microbiome. Cytokine Growth Factor Rev 2018; 
40:19–31.

https://doi.org/10.1101/2020.04.06.20042580
https://doi.org/10.1101/2020.04.06.20042580
https://doi.org/10.1099/jgv.0.001453

