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Abstract

The newborn coronaivus disease 2019 (COVID‐19) pandemic has become the

foremost concern of health system worldwide. Interferon typeI (IFN‐I) are among

the well‐known antiviruses. Hence IFN‐α have gained much attention as a treatment

for COVID‐19 recently. To sum up the efficiency of IFN‐α against COVID‐19, we

searched PubMed, SCOPUS, and EMBASE, from the date of genesis to the 1st of

October 2020. Discharge from hospital and virus clearance considered as primary

and secondary outcomes, respectively. We compared the aforementioned outcomes

of patients treated with standard care protocol and the patients treated with IFN‐α
in addition to standard care protocol. Out of 356 identified records, 14 studies were

subjected for full‐text screening. Finally, a systematic review was performed with

inclusion of five studies. Majority of the participants were males (ranged from

43.50% to 90.0%). We found that time of viral clearance and polymerase chain

reaction negative (days) in most studies were decreased in the INF‐α + standard

care group. The mean days of virus's clearance in INF‐α group and standard group

reported 27.3 and 32.43. Likewise, the average days of hospitalization was found

also lower in INF‐α group (18.55 vs. 24.36). This study provides a stand to conclude

that early administration of INF‐α may be accounted as a promising treatment of

COVID‐19.
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1 | INTRODUCTION

Latest pandemic well known as coronavirus disease 2019 (COVID‐19)
has caused the foremost health and economic challenges all over the

world.1 Several research works have been conducted worldwide ad-

dressing this newborn concern but to date no efficient antiviral inter-

vention have been approved. Clues arise from investigating molecular

patho‐mechanism of severe acute respiratory syndrome coronavirus 2

(SARS‐COV‐2) (virus causing COVID‐19). Interferons (IFNs) are well

known for their action of interfering with virus replication and resulted in

antiviral functions.2 Moreover, type I IFNs support immune system in

viral clearance via several mechanisms. But regretfully production and

function of type I IFNs attenuated notably in COVID‐19 patients since

circulating levels of IFNs type I presented to define the stage of the

condition. Deterioration of patients' clinical symptoms occurs following a

decrease in plasma levels of IFNs type I. Therefore, type I IFNs in-

sufficiency could be a sign of severe stages of COVID‐19 and may help

identify a high‐risk population. Among type I IFNs, IFN‐α is the first‐line
therapy of viral diseases, including hepatitis B and C infections. IFN‐α
revealed beneficial effects on resolution of lung abnormalities in hospi-

talized patients with SARS during 2003 SARS‐CoV outbreak in Canada

and China.3,4
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In our previous conducted systematic review and meta‐analysis
study of clinical trials we presented that early administration of IFN‐β
with antiviral drugs is a promising treatment against COVID‐19.5

Moreover, it was reported that nasal drops of IFN‐α had protective

function against COVID‐19 among healthcare workers.16 IFN‐α can be

efficient as preventive and therapeutic medicine for COVID‐19, not only
for its antiviral activity but also owing to its role in regulating in-

flammatory factors. Thereafter IFN‐α seems a promising candidate to

manage several stages of COVID‐19.
In such a situation where finding a way to control and treatment of

COVID‐19 is urgent, thorough review and analysis of the studies and

performed clinical trials may offer a new way of deducing the results

besides introducing efficient treatments. Hence, we developed a sys-

tematic review to evaluate the findings of IFN‐α treatment in patients

with COVID‐19.
IFN‐α treatment powerfully inhibits severe in vitro cytopathology

induced by Middle Eastern respiratory syndrome coronavirus

(MERS‐C0V) replication. Additionally, MERS‐CoV was found to be

50–100 times more sensitive to IFN‐α treatment than SARS‐CoV in vitro.

These findings highlight relevant differences between different CoVs in

terms of their interaction with and evasion from the cellular innate im-

mune response

2 | METHODS

2.1 | Search strategy and data extraction

MEDLINE, SCOPUS, EMBASE, Google Scholar databases, and

websites (WHO and CDC) systematically searched for identifying

relevant articles to find out the effects of IFN‐α in severe

COVID‐19 patients up to the October 1st, 2020. The references

list of all found records was checked to select more related

studies. We searched English language records. The search key-

words were 2019‐nCoV, 2019 novel coronavirus, COVID‐19,
coronavirus disease 2019, INF‐α and ‐β.

Inclusion criteria was: (1) hospitalized COVID‐19 patients receiving

IFN‐α, (2) be any of randomized controlled trial, cohort, or retrospective

studies (all observational and interventional studies).

Records independently selected by two authors (HA, AN) and ap-

propriate information gathered. Disagreements and doubted records

were solved by consent of two more authors. All information about

included records, such as article character, therapeutic impact of IFN,

sign and symptoms release, hospital discharge, mortality, other relevant

information and expected outcomes, as well as intervention, were gath-

ered in the predesigned EXCELL form with brief details.

2.2 | Comparison

We compared standard care protocol of laboratory‐confirmed and

hospitalized patients with COVID‐19, with standard care

combination with IFN‐α. We considered patients who received

standard antiviral treatment (lopinavir/ritonavir/arbidol) as control

group and (antiviral treatment + IFN‐α/IFN‐β) as intervention group.

2.3 | Outcomes

The primary and secondary outcomes were considered as virus

clearance (mean days) and hospitalization days (length of stay),

respectively.

The time (days) of treatment initiation (with IFN) from symptom

onsets was evaluated in the studies if reported, to identify the as-

sociation between the golden time of IFN‐α therapy after symptoms

beginning.

Inflammatory factors as well as symptoms release, including fe-

ver resolve, adverse reactions, blood cells count, and disease level

were studied and assessed in all included studies.

3 | RESULTS

We identified 356 records by searching a total of 4 literature data-

bases, which were evaluated for duplications and inclusion criteria by

title and abstracts review. Out of these, one randomized controlled

trial (RCT) and four observational studies were included for full‐text
screening and finally, five records were included in the systematic

review (Figure 1).

The total included patients were 541. The PRISMA flow diagram

(Figure 1) indicated the included studies. Out of the 14 records, the

following were excluded after full‐text screening: beta IFN = 7, letter

to the editor = 1, case reports = 2, poor information = 4.

The details of the included studies are demonstrated in Table 1.

Majority of the patients were males in most of the articles. The

percentage of male patients ranged from 43.50% to 60.0%. The mean

age of the patients in most studies was more than 41. All of included

records were performed in China.

3.1 | Clinical symptoms

Table 1 shows characteristics of studies included. Most of the in-

cluded participants in all of the investigations had fever at admission.

The fever of the majority of participants in the intervention group

had disappeared by the end of the study. White blood cell and

lymphocyte count were decreased in the majority of articles in the

intervention group. Qiong Zhou et al. reported that fever was re-

solved in all patients during (median) 4 (2.0, 7.0) days. Time‐to‐viral
clearance (duration from the symptoms onset to the time of the first

two repeated negative polymerase chain reaction [PCR] tests) re-

ported 13.0 (9.0, 21.5) days among patients who were treated with

INF‐α.6,7

In all studies, hospitalized patients with mild to severe COVID‐19
had been investigated. The time of treatment onset from symp-

tom onset were between 5 and 10 days. The shortest time (<5 days)

5278 | NAKHLBAND ET AL.



to IFN administration after initiation of symptoms was reported in

the Yan Zuo study.8 Longest time, 8 (5.5, 15.5), from symptom onset

to treatment with IFN was related to the China study by Qiong

Zhou.7

3.2 | Outcomes

Table 2 indicated the outcome variables and clinical features among

patients treated with IFN‐α. We found that time of viral clearance and

PCR negative (days) in most studies were decreased in the intervention

group (IFN‐α+ standard care). The mean days of virus clearance in IFN‐α
group and standard group reported 27.3 and 32.43. The virus's clearance

was markedly faster in patients who started IFN‐α earlier than control

group (5.13 days). Wang et al. found that the average length of hospi-

talization (16±9.7 vs. 23±10.5 days) in the combination group with IFN

α‐2b was shorter than control group (standard). Moreover, in the all

included studies the average days of hospitalization was found lower in

IFN‐α group (18.55 vs. 24.36). Likewise, in BoWang study, hospitalization

duration in early intervention group declined from 25±8.5 days to

10±2.9 days compared with delayed intervention group.9 However, some

studies did not reported death and hospitalization days.7 The average

duration of viral clearance ranged from 5 to 21 days. The shortest

duration of virus clearance (5 days) was reported by Yan Zuo study for

patients who started antiviral treatment.8

In the RCT study from China (Yin‐Qiu Huang), no death was re-

ported among study groups. This study did not have any control group

(without IFN‐α) but the results indicated that after 4 days fever of all

patients had subsided and the median days of hospitalization reported

were 17 days (Table 2).10

One other open‐label single‐arm clinical trial, reported only one

death after 45 days of hospitalization.11 A noncontrolled study reported

that fever disappeared in all patients within the first seven days.6 In the

majority of included studies there was no important difference in the

adverse effect compared between two groups.9,10

3.3 | Intervention condition (IFN‐α‐ dose)

In most of the studies, 5 micrograms/ml (12 million IU/ml) of IFN‐α
were administered twice per day for two consecutive weeks or until

discharge. IFN‐α administrated subcutaneously in Bo Wang study

whereas other studies administered IFN‐α by aerosol inhalation

(Table 2).

Records identified through electronic searching 

included Medline (n=23), Scopus (n=242), Embase 

(n=54), Google scholar (n=37)

Total records=356

Records excluded after 

abstract and duplicate 

screening=345

Full-text articles (review) evaluated for 

suitability=14

Excluded full text articles with 

reasons=9
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F IGURE 1 Search flow diagram
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4 | DISCUSSION

The newborn idiopathic coronavirus named as COVID‐19 and growing

number of infected patients has engulfed the whole world since

December 2019. Since then, drugs with antiviral and im-

munomodulation properties are assessed to inhibit the coronavirus

and several trials have been conducted. But to date no official antiviral

drugs with confirmed efficiency for the treatment of COVID‐19 have

been established. Thereafter it seems of crucial importance to collect

and summarize several evidence to achieve an efficient treatment

for COVID‐19. In the current systematic review, we indicated that

IFN‐α in combination with antiviral drugs proficiently suppress the

SARS‐CoV‐2 in terms of lessening hospitalization duration and virus

clearance duration.

Among several antivirals, type I IFNs(α/β) target and inhibit the

replication and development of a various viral pathogens besides

supporting an immune response to clear virus infection.14,15 Type I

IFNs are accepted medications for hepatitis B and C, autoimmune

disorders, and certain cancers treatment.16,17

IFN‐ α demonstrated promising properties in faster remission of

lung abnormalities during the 2003 SARS‐CoV outbreak in Toronto,

Canada among hospitalized SARS patients.18 Also several evidence

supported beneficial effects of IFNs‐α/β on severe MERS‐CoV‐
infected patients19,20. Different recombinant IFNs (rIFN‐α2a, rIFN‐
α2b, rIFN‐β1a, and rIFN‐β1b) have shown promising effects against

MERS‐CoV in vitro.21 Regarding similar properties of SARS‐CoV‐2
with MERS‐CoV and SARS‐CoV, the abovementioned evidence could

be very helpful in selecting promising managements against

SARS‐CoV‐2. Furthermore, SARS‐CoV‐2 has shown a far greater

sensitivity to type I IFNs than SARS‐CoV in vitro, which suggests

more efficiency in treatment using type I IFNs.

The risk of viral transmission is very high in the viral replication

stage. Also, it is well documented that extended virus shedding has

been directly related to mortality or disease severity.8 Hence

shortening the duration of virus shedding is considered as the most

effective strategy to control the epidemic and increase the recovery

percentage. Therefore, the duration of viral clearance and hospital

stay counted as the outcomes of the study.

Although a little time has passed from the beginning of the

epidemic but it is well documented that the uncontrolled in-

flammation induced by SARS‐CoV‐2 is the main reason of disease

severity and death. High levels of inflammatory markers, including

C‐reactive protein (CRP), ferritin and D‐dimer, high neutrophil‐to‐
lymphocyte ratio, and elevated levels of inflammatory cytokines and

chemokine have been recorded in patients with severe diseases. So

far, interleukin‐6 (IL‐6) and TNF‐α serum levels are introduced as

independent and major prognosticators of disease severity and death

since the increase of these factors are correlated with most organ

failures, such as heart failure.22 Therefore, attenuation of in-

flammatory markers, including IL‐6 and CRP, could be a significant

achievement in treatment of COVID‐19 patients.

Combination therapy of IFN‐α with antiviral drugs is suggested

as treatment of COVID‐19 in the guidelines of National Health

Commission of the People's Republic of China.23 Several clinical

trials and retrospective studies have been evaluated the efficacy of

IFN‐α monotherapy or in combination with other antiviral drugs

against COVID‐19.
Wang et al. assessed the effectiveness of subcutaneously in-

jected IFN‐α‐2b combined with lopinavir/ritonavir (LPV/r, 200mg/

50mg/pill), 400mg/time, twice a day in the treatment of COVID‐19.9

The study demonstrated that subcutaneous injection of IFN‐α‐2b
and LPV/r reduced the duration of hospitalization and enhanced viral

clearance in COVID‐19 patients. It is noteworthy that early admin-

istration of the drug also has a notable impact on the result of the

study. Moreover, they highlighted that subcutaneous and in-

travenous administration of IFN had several advantages over

inhalation

Zhou et al. reported the clinical development of disease in hos-

pitalized confirmed cases of COVID‐19 who were treated with IFN‐
α2b, Arbidol (ARB) (200mg t.i.d), or IFN‐α2b and ARB combination.7

They demonstrated promising impact of IFN‐α in shortening the

duration of viral shedding as well as decreasing inflammation mar-

kers, including CRP and IL‐6. Thereafter they have introduced

IFN‐α2b as a conceivable and promising therapeutic for COVID‐19.
Also, they suggested that inhalation of IFN‐α2b make the viral

clearance from the respiratory tract faster and accelerated the re-

solution of systemic inflammatory process. This study also suggests

the administration of IFN‐α2b for mild cases of COVID‐19 as redu-

cing the duration of viral shedding also leads to attenuate the spread

of the virus among the populations.

Zuo et al. performed a retrospective, multicenter study of hos-

pitalized patients with laboratory‐positive SARS‐CoV‐2 infection.8

They investigated the impact of initial antiviral therapy (lopinavir/

ritonavir, arbidol, IFN‐α) (monotherapy/combination therapy) on

viral shedding. They reported significant beneficial effects of early

beginning of lopinavir/ritonavir + IFN‐α combination therapy on

duration of SARS‐CoV‐2 shedding. Whereas lopinavir/ritonavir

monotherapy may had no effect on virus clearance.

Xu et al.13 conducted a multicenter retrospective cohort study

on hospitalized patients with laboratory‐positive COVID‐19 infec-

tion pneumonia. They evaluated the impacts of combination therapy

of ARB (200mg, oral, three times per day, for 7–10 days) and IFN‐α
and monotherapy of IFN‐α in decreasing hospitalization days and

shortening time of virus RNA clearance. They revealed that IFN‐α2b
monotherapy was more efficient than ARB/IFN‐α2b combination

therapy in accelerating discharge and COVID‐19 RNA clearance.

Moreover, they suggested that combination therapy of ARB and

IFN‐α2b have probable advantages on inhibiting lung inflammation

more than monotherapy of IFN‐α2b in mild cases.

Huang et al, compared the effectiveness of ribavirin (RBV) + IFN‐
α, lopinavir/ritonavir (LPV/r) + IFN‐ α, and RBV + LPV/r plus IFN‐α in

patients with mild to moderate COVID‐19.10 RBV was administered

by intravenous injection (2 g), and followed by oral doses of

400–600mg every 8 h depending on patients' body weight, for 14

days, LPV/r was administered orally (400mg/100mg per dose) twice

per day for 14 days. They observed no major difference in terms of
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duration of SARS‐CoV‐2 nucleic acid negativity by nasopharyngeal

swab (from treatment onset) among the three groups, and not be-

tween any two of the three groups. Moreover, no significant differ-

ence in the percentage of patients with SARS‐CoV‐2 nucleic acid

negativity among the three groups at Day 14 and at Day 28 was not

observed. Consequently, they concluded that antiviral efficacy of the

aforementioned three antiviral regimens in mild to moderate

COVID‐19 was not different remarkably. Moreover, they interpreted

that the three regimens do not have any promising antiviral clinical

efficiency, consequently no difference in effectiveness was reported

in the analyzed data. However, further studies are required in this

regard since they did not have blank‐controlled or placebo‐
controlled treatment group in their study.

It should be taken into consideration that auto‐antibodies (auto‐
Abs) against type I IFNs have been adverted in some patients.

Whereas the severity of COVID‐19 was recognized due to neu-

tralizing auto‐Abs against type I IFNs among 10% of patients. In such

cases, treatment with IFN‐ɑ is less effective and it should be re-

directed to IFN‐β therapy.24 Even though it was documented that

SARS‐CoV‐2 suppress type I IFN signaling at the first stages of in-

fection, some studies reported upregulation of IFN‐I responses and

increased ISGs expression in severe COVID‐19. Inconsistency in in-

terpretations about IFN‐I responses in patients with COVID‐19 may

be attributed to different characteristics in determining moderate,

severe, and critical forms of COVID‐19, between studies. Accord-

ingly, further investigations on efficacy of IFN‐I in mild to severe

forms of COVID‐19 are crucial.25

Taken all studies together, IFN‐α therapy seems to have a sig-

nificant performance against COVID‐19 in terms of decreasing

hospitalization days as well as virus clearance duration. In addition,

no significant adverse drug reactions or IFN‐α side effects were re-

ported. Indeed, hints could arise from INF‐β therapy for emerging

effective therapeutic strategy against COVID‐19. It seems that the

earlier administration of IFN‐α lead to more efficiency. Possibly the

combination of IFN‐α with two/more antiviral drug in the first days

of virus shedding may lead to a rapid suppression of high initial viral

load and strengthen the antiviral response and lead to more favor-

able effects. Thereafter timely administration of the drug is highly

suggested. Most of the studies have administered the drug through

inhalation; however, one of them subcutaneously injected the IFN‐α.
Due to controversy between the results and some limitations further

studies with focus on the administration route is suggested.

5 | LIMITATIONS

Some studies lacked control and were performed with a small sample

size. Some of the studies were retrospective studies or the groups

were not adjusted properly. However, controlled trial studies were

also performed and confirmed the therapeutic impacts of IFN‐α on

COVID‐19. It should be noted that COVID‐19 is a recent phenomena

and there are no ample studies. On the other hand, in some studies,

the participants were not proportionate and were mostly male;

however, it could be unavoidable since being male accounted as a

risk factor for COVID‐19 infection and the patient was selected by

random selection.26

Owing to the mysterious nature of COVID‐19 and broad range

of symptoms and consequences, engaging various and different in-

terventions in patients is inevitable; therefore, having a uniform in-

tervention in all studies is impossible. However, the data were

adjusted to different interventions and attempts have been made to

present reliable results.

Some studies did not balance standard characteristics of the two

groups, which can lead to overestimation of the IFN efficiency.

Additionally, the effects of comorbidities have been ignored in stu-

dies while highly suggested to be considered in the further in-

vestigations. On the other hand, mechanism of SARS‐CoV‐2
pathogenesis and interactions with IFN‐α may change as several

documents indicated changes in the function of virus ORF proteins.26

The current data demonstrated IFN‐α as the potent and efficient

therapeutic for COVID‐19 disease. Though, the interpreting the re-

sults must be performed thoughtfully by regarding the limitations of

the study.

6 | CONCLUSION

Conclusively, the reported data brought us to the conclusion that

IFN‐α may promise innovative therapeutic options in terms of de-

creasing viral shedding and hospitalization duration in COVID‐19
patients. However, owing to small amount of studies, further in-

vestigations are deeply suggested. Several factors seem to affect

IFN‐α efficacy, including disease severity and treatment onset time.

Early administration of IFN‐α combined with antiviral drugs de-

monstrated notable progress toward overcoming COVID‐19.
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