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Abstract

Background and Objective Interferon-f, as with several other anti-viral agents, has been investigated as a treatment option
for COVID-19 as a repurposed drug. The present study is a systematic review and meta-analysis of interferon-f to determine
its efficacy among moderate-to-severe COVID-19 patients.

Methods A systematic literature search was done using relevant terms for ‘COVID-19’ and ‘interferon-p’. Randomised
controlled trials (RCT) evaluating the efficacy of interferon-f in COVID-19 were included. Data were extracted for outcome
measures, namely mortality, time to clinical improvement and length of hospital stay. Random effects meta-analysis was
performed using RevMan V.5.4.1 to calculate overall effect estimate as odds ratio/hazard ratio for categorical variables and
mean difference for continuous variable.

Result Eight RCTs were eligible for qualitative synthesis and seven for meta-analysis. The overall effect estimate (odds ratio
[OR] 0.59; 95 % C10.91, 1.12) and (mean difference [MD] — 1.41; 95 % CI — 2.84, 0.02) indicated no statistically significant
difference between effect of IFN-f and that of control on mortality and length of hospital stay, respectively. However, the
overall effect estimate (hazard ratio [HR] 1.95; 95 % CI 1.36, 2.79) denoted a favourable effect of INF-f on reducing the
time to clinical improvement in moderate-to-severe COVID-19 patients.

Conclusion Addition of interferon-f to standard of care resulted in significant reduction in time to clinical improvement but
no significant benefit in terms of reduction in mortality and length of hospital stay in moderate-to-severe cases of COVID-19.

1 Introduction
Key Points

o . o Severe acute respiratory syndrome Coronavirus 2 (SARS-
Many.antl-wral digeulls, Inellid g oiefron ff, e [fac CoV-2), the causative factor for Coronavirus disease 2019
investigated for the treatment of COVID-19.

(COVID-19), like SARS-CoV and Middle-East respiratory
There are limited data on the effect of interferon-f on syndrome coronavirus (MERS-CoV), is a member of the
outcome of COVID-19 in moderate-to-severe cases. beta Coronaviridae family of Coronaviruses [1]. COVID-19
pandemic has affected approximately 235 million individu-
als, resulting in more than four million fatalities, according to
the World Health Organization (WHO) [2]. Symptoms of the
disease may range from fever, cough, sore throat and rhinor-
rhoea to severe pneumonia and septic shock. A few patients

This systematic review and meta-analysis included all
the available randomised clinical trials and evaluated
the effect of interferon-f on outcome of COVID-19 in
moderate-to-severe cases.

Interferon-f significantly reduced the time to clinical develop acute respiratory distress syndrome (ARDS), which
improvement but did not affect mortality and length of leads to admission to the intensive care unit (ICU) and pos-
hospital stay outcomes as compared to standard of care. sible mortality in a significant proportion of patients [3, 4].

Despite great efforts across the world to find potential thera-
peutic agents, a handful of the medicines have been approved
for emergency use, and none has been accepted globally as
definitive treatment of this disease. Therefore, search for effec-
tive pharmacotherapy against COVID-19 is still ongoing. Lit-
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interferon-beta (IFN-f) levels in the body [5]. Interferons are
well known for their antiviral as well as immunomodulatory
properties. These are classified as type I, IT and III IFNs. Type
I IFNs are IFN-a, IFN-p, IFN-o, IFN-k and IFN-t [6-8]. Type
I IFNs have been found to reduce SARS-CoV-2 replication in
Vero E6 cells in vitro assay, viral antigen expression, viral load
reduction and plaque reduction assays [9]. Furthermore, IFN-
B1b has been shown to have potential to reduce virus-induced
lung fibrosis in a mouse model, which could be advantageous
for COVID-19 patients with ARDS [10]. It has been found that
SARS-CoV-2 could prevent IFN production by such mecha-
nisms as escaping from recognition by pattern recognition
receptors [11, 12], interfering with retinoic acid-inducible gene
I or toll-like receptor signalling [13] and inhibiting phospho-
rylation of interferon regulatory factor 3 and its activation [14].
Because of its antiviral and immunomodulatory properties,
IFN-p has been and is being investigated for management of
COVID-19, especially the severe form of the disease.
Variable results of treatment with IFN on COVID-19 have
been found in clinical trials; therefore, a systematic review and
meta-analysis was planned. The objectives of this systematic
review and meta-analysis are to assess the effect(s) of IFN-f
therapy in moderate-to-severe cases of COVID-19 in terms of
mortality, length of hospital stay (LOHS) and time to clinical
improvement, to help make decisions regarding selection of
this drug as a therapeutic option for treatment of this disease.

2 Materials and Methods
2.1 Literature Search Strategy

Literature search was done in PubMed/MedLine, Google
Scholar, EMBASE and SCOPUS. PubMed search was
performed using terms namely ‘Coronavirus Infection’,
‘COVID-19°, ‘SARS-CoV-2’, ‘severe acute respiratory
syndrome coronavirus 2’ in combination with ‘Interferon
beta’, ‘Interferon ” and ‘IFN-f’. Search in Google scholar,
EMBASE and SCOPUS was made using keyword ‘Inter-
feron beta for COVID-19’. Last search was made on July 31,
2021. This review was registered with PROSPERO (registra-
tion number CRD42021262804).

2.2 Inclusion/Exclusion Criteria

Randomised controlled trials (published up to July 2021)
comparing efficacy of IFN-f to that of standard of care in
terms of mortality, LOHS, and/or time to clinical improve-
ment, were included. Studies with significant inconsistency
between experimental and control groups and studies with
use of IFN-beta in experimental as well as in control study
arms, were excluded from meta-analysis (Table 1).
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2.3 Data Extraction and Quality Assessment

Two reviewers screened the search results with titles and
abstracts to find eligible studies. Then the full text of initially
screened studies was accessed and data from intervention
and control group were recorded in Microsoft Excel. The
main data fields were authors, year of publication, trial iden-
tifier, study design, population, sample size, intervention(s),
comparator(s), dosage and outcome(s) measured. The qual-
ity of each study was evaluated independently by ‘Cochrane
Risk of Bias assessment tool version 2’ (RoB 2), which had
the facility to assess for randomisation, allocation conceal-
ment, blinding, completeness and other sources of bias(es).
The response options for each risk of bias judgement were
low risk, some concern and high risk of bias.

2.4 Outcome Indicators

The eligible studies included hospitalised patients with mod-
erate-to-severe COVID-19. The outcome parameters of this
systematic review and meta-analysis were: (1) hospital mor-
tality, measured in terms of proportion of participants dying
between days 14-28 days (duration of study), (2) LOHS,
number of days spent by participants in the hospital from
the day of admission up to the day of their discharge and
(3) time to clinical improvement, defined as time in terms
of days required for improvement of score at least by ‘2’
points on an ordinal scale, namely National Early Warning
Score 2 (NEWS2) scale [15] and/or WHO clinical progres-
sion scale [16].

2.5 Statistical Analysis

Data were entered into the Microsoft Excel. Meta-analyses
were done using the software ‘Review Manager (RevMan)’
version 5.4.1 using random effect model. Relevant summary
measures of efficacy were assessed using the odds ratio
(OR), hazard ratio (HR) and/or mean difference (MD) for
applicable variables along with corresponding 95 % confi-
dence interval (CI). Cochrane ‘Q’ statistic was applied for
statistical heterogeneity, which was quantified using the />
statistic. I? value below 30 was considered as ‘low’, 30—59
as ‘moderate’, 60—74 as ‘substantial’ and > 75 as consider-
able heterogeneity. A p value of < 0.05 was considered as
statistically significant.

3 Results

The initial search identified 1338 potential citations, of
which 65 records were screened and the rest were excluded
by looking into the titles and/or abstracts. Twenty-four
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records were found to be original research articles and were
assessed for eligibility. Of these 24 studies, 16 were excluded
as they were either nonclinical or non-randomised studies.
The remaining eight studies [10, 16-22] were included in
qualitative synthesis (systematic review), but one study [22]
was excluded from meta-analysis as it used IFN in experi-
mental as well as in the control arm. All seven of the remain-
ing articles were included in the meta-analysis (Fig. 1).

3.1 Outcome Parameters
3.1.1 Mortality

In all the seven studies included in meta-analysis, mortality
was one of the study outcomes. One of the included studies
[10] did not find death in any of the study arms; however, it
has been retained in the analysis as mortality as an outcome
was evaluated in this study. Random effect model was used
for meta-analysis. Number of events was put in the software
and calculated odds ratio was used for interpretation. The

Fig.1 PRISMA flow chart

overall effect estimate [OR 0.59; 95 % CI 0.91, 1.12] indi-
cates no statistically significant difference between effect of
IFN-p and that of control on mortality. Overall heterogeneity
was moderate with I value of 57 % which was statistically
significant (p = 0.04). A sensitivity analysis, performed to
exclude ‘WHO SOLIDARITY trial’ [21] (accounting for the
larger sample size), showed a significantly lower mortality
in IFN-f intervention than that in control arm (Fig. 2A).

3.1.2 Length of Hospital Stay

The LOHS was one of the study outcomes in four of the
seven studies. One study [20] had two experimental arms
(with IFN-B1a and IFN-B1b as two interventions, respec-
tively), which were compared with control. The results of
both these experimental arms have been included sepa-
rately for meta-analysis. Random-effect model was used
for analysis. The overall effect estimate, (MD — 1.41; 95
% CI — 2.84, 0.02) denotes a marginally favourable effect
of INF-f on decreasing the LOHS compared to that of
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control, but effect was not statistically significantly dif-
ferent (p = 0.05) from that shown by control. Substantial
heterogeneity with I value of 64 % was found among stud-
ies (Fig. 2B).

3.1.3 Time to Clinical Improvement

The data on time to clinical improvement have been
reported in four of the studies. As mentioned above, results
of two experimental arms (IFN-f1a and IFN-fB1b) from one
study [20] are used separately here as well, for meta-analy-
sis. Random effect model was used during analysis. Over-
all effect estimate (HR 1.95; 95 % CI 1.36, 2.79) shows
significantly less (p = 0.0003) time to clinical improve-
ment with IFN-p intervention than that with the control.

Moderate heterogeneity (I 39 %) was found among the
studies (Fig. 2C).

3.2 Risk of Bias Assessment for Included Studies

Of seven randomised controlled trials, two were deemed to
be of ‘high-risk’, another two were of ‘some concern’ and
the rest were regarded as having ‘low risk’ following assess-
ment of risk of bias through Cochrane’s RoB-II tool (Fig. 3).

3.3 Publication Bias

Funnel plot test has minimal role in cases where the number
of included studies is less than 10. However, to meet the
requirement of PRISMA checklist, using the inverted funnel
plot method, a scatter diagram was generated with the OR on

A
Intervention (IFN beta) Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Darazam et al. 2021 10 40 9 20  17.0% 0.41[0.13, 1.27] S —
Davoudi-Monfared et al. 2020 8 42 15 39 19.1% 0.38[0.14, 1.03] —
Hung et al. 2020 0 86 0 41 Not estimable
Khamis et al. 2021 5 44 6 45 15.1% 0.83[0.23, 2.96] I E—
Monk et al. 2021 0 48 3 50 4.2% 0.14 [0.01, 2.78] +
Rahmani et al. 2020 2 33 6 33 10.5% 0.29 [0.05, 1.56] e
WHO Solidarity Trial Consortium. 2021 243 2050 216 2050 34.0% 1.14 [0.94, 1.39] -
Total (95% CI) 2343 2278 100.0% 0.59 [0.31, 1.12] S o
Total events 268 255
Heterogeneity: Tau? = 0.32; Chi? = 11.50, df = 5 (P = 0.04); I = 57% t + t t
i 0.01 0.1 10 100
Test for overall effect: Z = 1.61 (P = 0.11) Favours [Intervention] Favours [control]
B
Intervention (IFN beta) Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Darazam et al. 2021 (IFN beta 1a) 4.64 2.39 20 6 1.59 20 26.2% -1.36[-2.62,-0.10] —
Darazam et al. 2021 (IFN beta 1b) 5.32 3.59 20 6 1.59 20 22.3% -0.68[-2.40, 1.04] —=
Davoudi-Monfared et al. 2020 14.8 8.45 42 12.25 7.48 39 11.2% 2.55[-0.92, 6.02] i e —
Hung et al. 2020 9.7 4.52 86 13.18 5.14 41 21.3% -3.48[-5.32,-1.64] —_—
Rahmani et al. 2020 11 3.09 33 13.35 5.42 33 19.0% -2.35[-4.48,-0.22] —
Total (95% CI) 201 153 100.0% -1.41[-2.84,0.02] ’
Heterogeneity: Tau? = 1.63; Chi? = 11.20, df = 4 (P = 0.02); I* = 64% —iO _15 ) % 150
Test for overall effect: Z = 1.93 (P = 0.05) Favours [Intervention] Favours [control]
C
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% ClI
Darazam et al. 2021 (IFN beta 1a) 0.8587 0.3895 14.8% 2.36 [1.10, 5.06] - =
Darazam et al. 2021 (IFN beta 1b) 0.3507 0.4146 13.6% 1.42 [0.63, 3.20] T
Davoudi-Monfared et al. 2020 0.0953 0.2707 22.4% 1.10 [0.65, 1.87] —m—
Hung et al. 2020 1.3661 0.4369 12.6% 3.92 [1.66, 9.23] . —
Monk et al. 2021 0.7839 0.3885 14.8% 2.19[1.02, 4.69] S
Rahmani et al. 2020 0.8329 0.2795 21.7% 2.30[1.33, 3.98] —
Total (95% CI) 100.0% 1.95 [1.36, 2.79] <o
ity: 2 . i2 = - - .12 — 309 | ! \ ,
Heterogeneity: Tau 0.08; Chi 8.22,df =5 (P =0.14); | 39% 0.02 o1 10 50

Test for overall effect: Z = 3.61 (P = 0.0003)

Favours [Control] Favours [Intervention]

Fig. 2 Forest plots for various outcome parameters included in meta-analysis: A mortality; B length of hospital stay; C time to clinical improve-

ment. CI confidence interval, IFN interferon, SD standard deviation
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the abscissa and standard error (log [OR]) on the ordinate.
Number of studies included in this meta-analysis was insuf-
ficient to distinguish a chance from real asymmetry (Fig. 4).

4 Discussion

IFN-B, a subtype of type I IFN, has been investigated widely
as one of the treatment options for COVID-19 as a repurposed
drug [11, 16-22]. The present piece of work is a systematic
review and meta-analysis of the randomised controlled tri-
als evaluating the efficacy of IFN-f in terms of mortality,
LOHS and time to clinical improvement. Although latter two
parameters seem to be overlapping and measuring the same
clinical outcome, there is a subtle difference between these
two outcome parameters. The ‘LOHS’ measures the time
spent by the participants in hospital (duration from the day
of admission to the day of discharge) whereas ‘time to clini-
cal improvement’ measures a time required for an upgrada-
tion of clinical status of participant specified by a predefined
increase in the score on an appropriate ordinal scale.

A total of eight randomised control trials were included in
the systematic review, of which seven were included in the
meta-analysis. One study [22] was excluded from the meta-
analysis as IFN-f (although in different doses) was used in
both of the study arms (Table 1).

4.1 Mortality

Individually, no included studies found significant impact
of IFN-f on mortality in COVID-19 patients as compared
to standard of care/control. Also, pooled data in this meta-
analysis found no significant effect of this intervention
on mortality compared with control [OR 0.59; 95 % CI
0.31-1.12]. However, the analysis results might have drawn
largely by the WHO Solidarity trial with a larger sample
size. The sensitivity analysis performed that excluded this
study shows a significant reduction in mortality as compared
to control group, OR, 0.45 [95 % CI 0.24-0.82]. The pos-
sible explanation for moderate heterogeneity among studies
pooled to analyse data on mortality could be an outlying
sample size, varying dosage used and varying characteris-
tics of study population. The WHO Solidarity trial, which
investigated the effects of four interventions in COVID-19
patients namely: remdesivir, hydroxychloroquine, lopinavir/
ritonavir and IFN-f, found no significant effect of any of the
trial drugs on mortality [23], which was the chief aim of this
trial. Based on interim results, the IFN-f arm was discontin-
ued from this trial. Another trial ‘Adaptive COVID-19 Treat-
ment Trial 3 (ACTT-3)’ that evaluated the effect of IFN-f in
combination with remdesivir versus remdesivir plus placebo,
has completed its recruitment (969 participants) and results
are still awaited [24]. This study could be helpful in decision

making regarding use of IFN-f as a potential therapeutic
agent in COVID-19. No meta-analyses were found to assess
the effect of IFN-f on mortality in COVID-19 patients.
Nakhlband et al. [25] conducted a meta-analysis to evaluate
the effect of IFN-p, but did not analyse for mortality.

4.2 Length of Hospital Stay (LOHS)

In the present meta-analysis, IFN-p was found to reduce
the LOHS but this benefit was not statistically significant
as compared to that conferred by control (MD — 1.41; 95
% CI — 2.84, 0.02). In two of the included studies [10, 18]
LOHS was significantly less in IFN-f§ arm than that in the
control arm. Overall heterogeneity among included studies
was found to be moderate. Sensitivity analysis revealed that
exclusion of one study (Davoudi-Monfared et al. 2020 [19])
reduced the heterogeneity to 46 % with negligible change in
overall LOHS. Nakhlband et al. [25] analysed the effect of
IFN-p on LOHS in their meta-analysis, which included three
studies, and found a significant reduction in the LOHS by
IFN-p in comparison to control. Another systematic review
by Sosa et al. [26] also shows a decrease in overall hospital
stay following addition of IFN-f to the current standard of
care. However, WHO Solidarity trial found no significant
difference in LOHS between groups of COVID-19 patients
treated with IFN- compared to standard of care [21, 23].
Results of this meta-analysis may be considered in line with
the findings of WHO Solidarity trial because the benefit
found is only marginal and was not statistically significant.

4.3 Time to Clinical Improvement

Four studies in the literature were found that showed signifi-
cantly less time to clinical improvement with IFN-f as com-
pared to that with control [10, 17, 18, 20]. Similarly, pooled
data from the included studies in this meta-analysis show
significantly less (p = 0.0003) time to clinical improvement
in COVID-19 patients receiving IFN-f compared to those
receiving standard of care. The test for heterogeneity shows
% value of 39 %, which is in the moderate category.

One study by Darazam et al. [20, 22] further evaluated
low-dose (three doses of 12 million IU) versus high-dose
(three doses of 24 million IU) IFN-f1a in hospitalised
patients with moderate-to-severe COVID-19. This study
found no significant difference (p = 0.55) in mortality
between the two study arms. Interestingly, time to clinical
improvement was significantly shorter (p = 0.018) in the
low-dose arm as compared to that in the high-dose arm [22].
Longer time to clinical improvement in case of high-dose
IFN-B may be due to more adverse events in this arm.

In the included studies, IFN-f was administered irre-
spective of magnitude of predicted IFN response. It is
worth noting that only a subpopulation of COVID-19
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patients suffers from a defective type I IFN response,
while some others produce stronger response [27]. Indeed,
screening patients for IFN impairment, by quantifying
IFN-p levels with highly sensitive assays and/or interferon
stimulated gene expression by real time-polymerase chain
reaction technique could have been performed on the day
of admission to determine which patients may benefit from
IFN treatment. Moreover, the timing of IFN-f administra-
tion is also important as administration in the early stage
of the infection may result in a favourable clinical outcome
[19]. In this regard, the number of properly designed stud-
ies and those designed to investigate the early versus late
effect of IFN-f in COVID-19 patients is low, and future
studies are needed to further confirm the importance of
IFN-B therapy in COVID-19 taking these factors into
consideration.

5 Conclusion

This systematic review and meta-analysis found no signifi-
cant benefit of IFN-p in terms of reduction in mortality and
LOHS among COVID-19 patients. The possible reasons for
the same could be the limited number of the eligible stud-
ies, different dosage of IFN-f and presence of confounding
factors like concomitant pharmacotherapy. Moreover, due to
the heterogeneity of the disease between individuals, pos-
sibly due to different factors such as genetics, age and sex,
the response to anti-COVID-19 treatment may be variable.
However, this study favours use of IFN-f in terms of reduc-
ing the time to clinical improvement in moderate-to-severe
COVID-19 patients.
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