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ABSTRACT
Type 1 interferons, especially interferon-beta, has been reported to be effective in COVID-19 
patients in multiple randomized controlled trials. The aim of our meta-analysis and systematic 
review is to assess efficacy of subcutaneous IFN-beta in regards to mortality and discharge 
rate. Prospective, retrospective and randomized controlled trials were included. Primary out-
comes measured were 28-day mortality and discharge rate. Secondary outcomes measured 
were mean hospital stay and post-intervention intubation rate. A thorough literature search 
was conducted in Medline, PubMed, Ovid journals, Google Scholar, and Cochrane Central 
Register of Controlled Trials & Database of Systematic Reviews from 1 April 2020 to 
28 February 2021. Relative risk was calculated using both the Mantel–Haenszel method (fixed- 
effects model) and DerSimonian Laird method (random effects model). The heterogeneity 
among studies was tested using Cochran’s Q test, based upon inverse variance weights. 7 
studies were included in the meta-analysis and systematic review. The IFN-beta group did not 
improve the 28-day mortality (RR = 1.276; 95% CI: 1.106–1.472, p = 0.001) or the discharge 
rate (RR = 0.906; 95% CI = 0.85–0.95, p = < 0.001). The mean hospital stay was 11.95± 2.5 days 
in the interferon-beta group and 11.43 ± 3.74 days in the traditional treatment group. 
Likewise, interferon-beta did not add any advantage to post-intervention intubation rate 
(RR = 0.92; 95% CI = 0.7841–1.0816, p = 0.3154). Our findings revealed that use of subcuta-
neous interferon-beta is futile in COVID-19.
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1. Introduction

The global public health emergency from the corona-
virus (COVID-19) pandemic has resulted in many 
trials to determine efficacy of various drugs. One of 
the only therapies to show proven efficacy with con-
sensus so far is the use of steroids [1]. In the attempt 
to prove mortality benefit and efficacy in the treat-
ment of COVID-19, Interferon-beta (IFN-β) has been 
used [2]. The IFN therapy in COVID-19 is hypothe-
sized from its use with other viral diseases, such as 
hepatitis B and C, and further extrapolated from 
malignancy and autoimmune disease treatment 
[2,3]. The theory was further supported by an 
increased risk of severe disease in those who were 
found to have neutralizing autoantibodies against 
IFN. These were not found in healthy and minimally 
symptomatic individuals [4]. The innate immunity 
responds to viral entry and replication with 
a downstream signaling cascade that results in pro- 
inflammatory cytokine release. IFN are proteinaceous 
substances that are also released as part of this 
response. IFN’s antiviral properties are attributed to 
its ability to inhibit viral replication, maturation, 

release and protein synthesis. Additional immuno-
modulatory benefits of IFN relate to other innate 
immune mechanism with T cell and NK cell involve-
ment [5].

In this meta-analysis and systematic review, our 
objective is to compare the efficacy of IFN-beta + 
traditional antiviral treatment with traditional anti-
viral treatment in regards to 28-day mortality, dis-
charge rate, mean hospital stay and post-intervention 
intubation rate in COVID-19 patients. The outcomes 
were assessed using the latest studies published in the 
last 1 year.

2. Materials and methods required

2.1. Study selection criteria

Studies that utilized either interferon beta-1a or inter-
feron beta-1b in the treatment of COVID patients 
were selected. The inclusion criteria were as fol-
lows: 1) studies on patients admitted only for 
COVID-19 illness and its complications; 2) study 
designs including case series, randomized clinical 
trials, prospective studies and retrospective clinical 
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studies; 3) studies involving only the adult popula-
tion. The exclusion criteria were as follows: 1) studies 
in languages other than English; 2) studies published 
as abstracts; 3) studies that did not have a control 
group.

2.2. Data collection and extraction

A thorough literature search was conducted through 
Medline, PubMed, Ovid journals, Google Scholar, 
and Cochrane Central Register of Controlled Trials 
& Database of Systematic Reviews. The literature 
search included articles dated from 1 April 2020 to 
28 February 2021. The search terms used were ‘inter-
feron beta-1a’, ‘interferon beta-1b’, ‘COVID-19ʹ, 
‘SARS-CoV-2ʹ and ‘Novel Coronavirus’. Two authors 
independently searched and extracted the data into 
an abstraction form. Any differences were resolved by 
mutual agreement. Figure 1 shows the search results

2.3. Comparison

The standard care (hydroxychloroquine and lopina-
vir/ritonavir, alone or in combination) for COVID-19 
patients was compared with the intervention care 
protocol (subcutaneous IFN-β + standard care).

2.4. Statistical analysis

This meta-analysis was performed by calculating rela-
tive risk of measured outcomes when COVID-19 
patients were exposed to interferon beta and tradi-
tional antiviral treatment. Primary outcomes mea-
sured were 28-day mortality and discharge rate. 
Secondary outcomes measured were mean hospital 
stay and post-intervention intubation rate. The total 
relative risk was calculated using both the Mantel– 
Haenszel method (fixed-effects model) and the 
DerSimonian Laird method (random effects 
model) [6,7].

Forest plots were drawn in which the width of the 
point estimates represents the weight assigned to that 
particular study. Heterogeneity between studies was 
evaluated using Cochran’s Q test based upon inverse 
variance weights, and heterogeneity was quantified 
using I2 statistics [8].

Both Harbord–Egger bias indicator and Begg– 
Mazumadar bias indicators were utilized to test the 
publication and selection bias on the summary esti-
mates [9,10]. Publication bias was further evaluated 
by constructing funnel plots [11,12].

3. Results

An initial search identified 124 articles, out of which 
104 studies were initially excluded (studies involving 

Figure 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram of studies included in the review 
(PRISMA).
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pediatric population, studies presented as abstracts 
and review articles). 20 relevant studies were selected 
and reviewed in detail. Of these 13 studies were again 
excluded because they either did not have a control 
group, or did not have data on our desired outcomes. 
7 studies (N = 6078) met the final inclusion criteria 
[13–19]. Table 1 demonstrates the characteristics of 
all the studies involved. The mean age of patients 
undergoing interferon therapy was 57.7 ± 
5.19 years, whereas the mean age of patients under-
going traditional treatment was 59 ± 5.04 years. The 
Interferon beta group consisted of 1,783 (62.2%) 
males and 1,080 (37.7%) females, whereas the tradi-
tional therapy group consisted of 1,982 (61.6%) males 
and 1,233 (38.3%) females. All the pooled estimates 
given are estimates calculated by the fixed effect 
model.

The relative risk of 28-day mortality was 1.276 
(95% CI = 1.106–1.472, P = 0.001). A Forest plot 
showing the summary estimates is shown in 
Figure 2. Publication bias calculated using the 
Harbord–Egger bias indicator gave a value of 
−2.7042 (95% CI = −5.7839 to 0.3754, P = 0.0714). 
The Begg–Mazumdar indicator gave Kendall’s tau 
b value −0.4667 (P = 0.1885), suggesting no publica-
tion bias. The funnel plot in Figure 3 shows no 
publication bias for studies comparing interferon 
treatment with traditional treatment in COVID-19 
patients.

The relative risk of discharge rate was 0.906 (95% 
CI = 0.85–0.95, p = < 0.001). A Forest plot showing 
the summary estimates is shown in Figure 4. 
Publication bias calculated using the Harbord–Egger 
bias indicator gave a value of 3.2462 (95% 
CI = −9.4084 to 15.9009, p = 0.3847). The Begg– 
Mazumdar indicator gave Kendall’s tau b value of 
0.33 (p = 0.49), suggesting no publication bias. The 
funnel plot in Figure 5 shows no publication bias for 
studies comparing interferon treatment with tradi-
tional treatment in COVID-19 patients.

The mean hospital stay was 11.95± 2.5 days in the 
interferon-beta group and 11.43 ± 3.74 days in the 
traditional treatment group. The post-intervention 
intubation rate was not statistically significant when 
the interferon-beta group was compared to the tradi-
tional group, with a relative risk of 0.92 (95% 
CI = 0.7841 to 1.0816, P = 0.3154).

4. Discussion

The Coronavirus pandemic has changed the world as 
we know it today. It has touched every aspect of 
modern human society including each arena of the 
medical field. Clinicians, researchers and scientists all 
over the world continue to seek the most effective 
treatment of this deadly disease. While social distan-
cing remains a cornerstone in preventing the spread 

of SARS CoV-2, our ability to truly counter the virus 
will depend on finding a cure. Since the beginning of 
the pandemic in December of 2019, management of 
COVID-19 patients around the world has varied. 
This variation is due to a lack of uniform protocols, 
insufficient evidence and paucity of resources and 
multiple experimental drugs [13]. In this meta- 
analysis, we have compared the outcomes of 2,863 
COVID −19 patients treated with combination of 
IFN-beta and antiviral medications against the out-
comes of 3,215 COVID-19 patients treated only with 
antivirals.

The IFN-1 family, which include subtypes IFN-α, 
IFN-β and IFN-ω, are types of cytokine molecules, 
which provide innate immunity against viruses. IFN- 
1 is produced by host cells when receptor proteins 
like TLR3, TLR7 and TLR present on cell organelles 
detect viral RNA proteins. The IFN-1 molecules in 
turn bind to the cell-surface interferon-α/β receptor 
(IFNAR), leading to the transcription of genes that 
inhibit viral replication [20]. Zhang et al. and Bastard 
et al. conducted studies that looked into the factors 
causing severity of disease in certain COVID-19 
patients. Deficiency of interferon was implicated as 
one of the factors in their studies. Zhang [21] 
hypothesized that genetic mutations lead to inherent 
deficiency of IFN. Furthermore, Bastard [4] reported 
development of neutralizing autoantibodies against 
innate IFN.

Rahmani [14] conducted the first randomized clin-
ical trial (RCT) evaluating the safety and efficacy of 
IFN β subtype 1b in severe COVID-19 patients. They 
compared clinical improvement and 28-day-mortality 
in severe COVID-19 patients treated with IFN β-1b 
as well as national protocol medications against those 
who only received national protocol medications. 
These included lopinavir/ritonavir or atazanavir/rito-
navir plus hydroxychloroquine. Thirty-three patients 
were enrolled in each arm of the study. The time to 
clinical improvement was significantly lower in the 
IFN group (9 days) compared to the control group 
(11 days). Duration of hospitalization, ICU stay, intu-
bation rates and 28-day mortality were reduced after 
IFN-beta treatment but were not statistically different 
between the two groups.

A retrospective case-control study compared out-
comes in 152 patients treated with IFN-β-1a, 
Lopinavir and Ritonavir (case group) with patients 
receiving only lopinavir/ritonavir (control group). 
Duration of hospital stay was higher in the case 
group (13 days) as compared to the control group 
(6 days). This was statistically significant (p = 0.001). 
Thirty-four percent of patients in the case group 
required non-invasive ventilation, compared to 24% 
patients in the control group, and the difference was 
statistically significant. On the contrary, the mortality 
rate was lower in the intervention group at 11% when 
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compared to 13% in the control group; however, 
statistical significance in the difference was not deter-
mined [16].

Another study comparing the outcomes in 
COVID-19 patients treated with IFN β-1a + hydro-
xychloroquine and lopinavir-ritonavir to those trea-
ted with hydroxychloroquine alone found no 
significant difference in the mortality and discharge 

times [18]. Davoudi-Monfared [17] conducted 
a similar randomized clinical trial on a small sample 
population constituting 42 patients in the IFN-beta 
1a group and 39 patients in the standard treatment 
group. The primary outcome, i.e., time to clinical 
response, was not statistically different between the 
IFN-beta 1a (9.7 ± 5.8 days) and the control group 
(8.3 ± 4.9 days). When comparing the IFN group with 

Figure 2. Forest plot of 28-day mortality assessed in COVID-19 patients comparing interferon beta group with standard 
treatment group.

Figure 3. Forest plot demonstrating no publication bias.

Figure 4. Forest plot of discharge rate assessed in COVID-19 patients comparing interferon beta group with standard treatment 
group.
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the control group, the discharge rate was higher 
(66.7% vs 43.6%), and the 28-day mortality rate was 
lower (19% vs 43.6%).

An open label, randomized, phase 2 trial in 
COVID-19 patients from six hospitals estimated the 
efficacy of combined interferon beta-1b, lopinavir- 
ritonavir, and ribavirin. Patients receiving lopinavir 
and ritonavir acted as the control group. The study 
concluded that the combination group had 
a significantly shorter median time to achieve 
a negative nasopharyngeal swab than the control 
group (7 days vs 12 days, respectively). Median hos-
pital stay was also significantly reduced in the com-
bination group (9 days) when compared with the 
control group (14.5 days). Mortality rate could not 
be assessed as the study did not observe any deaths in 
either group [15].

A large mortality trial of four drugs conducted 
across 30 countries by the World Health 
Organization concluded that interferon regimen had 
no effect on overall mortality, duration of hospital 
stays and initiation of ventilation in COVID-19 
patients [19]. These results were in contrast to the 
findings of much smaller trials that supported the 
early use of interferon therapy in the disease course.

The majority of the studies mentioned above had 
the limitation of comprising a small sample size, 
necessitating the need for a meta-analysis to interpret 
the outcomes accurately. A recent meta-analysis uti-
lizing only three studies compared the discharge rate 
of standard care protocol with standard care plus 
interferonbeta in COVID -19 patients. IFN-beta was 
noted to increase overall discharge rate with relative 
risk of 3.05 (95% CI: 1.09–5.01). However, due to lack 
of studies, mortality rate was not calculated using the 

meta-analysis. Median days of hospitalization (9 days 
vs 12.25 days) and average mortality rate (6.195% vs 
18.02%) were both lower in the intervention group 
when compared to the control group [2].

We conducted a meta-analysis to evaluate the 28- 
day mortality rate among 7 studies and the discharge 
rate among 4 studies. When comparing the interven-
tion group with the control group, the relative risk of 
28-day mortality was 1.276 (95% CI = 1.106–1.472, 
P = 0.001); and the relative risk of discharge rate was 
0.906 (95% CI = 0.85–0.95, p = < 0.001). The mean 
hospital stay was 11.95± 2.5 days in the intervention 
group and 11.43 ± 3.74 days in the control group. 
Results from our meta-analysis showed that there is 
no significant difference in 28-day mortality between 
the interferon-beta intervention group and the con-
trol group receiving traditional treatment. Our study 
also showed no significant difference in the discharge 
rate in the IFN and non-IFN group. The mean hos-
pital stay was similar in both arms of the study, and 
no statistically significant difference was noted in 
post-intervention intubation rates in both groups. 
Our analysis suggests that treatment with subcuta-
neous IFN β-1b does not provide additional benefits 
to COVID-19 patients when compared to traditional 
therapies.

This meta-analysis and systematic review has sev-
eral strengths, which include solid inclusion and 
exclusion criteria as well as comprehensive search 
strategy. Every study included was of high-quality 
and low publication bias. Our meta-analysis also 
included retrospective studies in addition to prospec-
tive studies and randomized/ non-randomized clin-
ical trials.

Figure 5. Forest plot demonstrating no publication bias.
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However, our meta-analysis is not without a few 
limitations. Firstly, combinations of medications used 
with interferon-beta in the intervention groups are 
varied in different studies. Similarly, the combina-
tions of medications in the control groups are also 
different in the different studies. Secondly, the defini-
tion of treatment response was not consistent 
between studies. Lastly, the treatment duration is 
also varied in each study. Concomitant medication 
in both intervention and control groups may have 
confounding effects on the results.

5. Conclusions

Based on our meta-analysis results, use of IFN-beta in 
COVID-19 patients treatment did not provide any 
additional benefit when compared with traditional 
therapy. Our meta-analysis negates the findings of 
small sample size randomized controlled trials that 
claimed IFN beta to be beneficial and supports the 
decision to withdraw use of interferon beta in 
COVID-19 patients’ treatment, given its futile nature.
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