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ABSTRACT To the best of our knowledge, there is no published study on the use
of interferon �-1a (IFN �-1a) in the treatment of severe COVID-19. In this random-
ized clinical trial, the efficacy and safety of IFN �-1a were evaluated in patients with
severe COVID-19. Forty-two patients in the interferon group received IFN �-1a in ad-
dition to the national protocol medications (hydroxychloroquine plus lopinavir-
ritonavir or atazanavir-ritonavir). Each 44-�g/ml (12 million IU/ml) dose of interferon
�-1a was subcutaneously injected three times weekly for two consecutive weeks.
The control group consisted of 39 patients who received only the national protocol
medications. The primary outcome of the study was time to reach clinical response.
Secondary outcomes were duration of hospital stay, length of intensive care unit
stay, 28-day mortality, effect of early or late administration of IFN on mortality, ad-
verse effects, and complications during the hospitalization. Between 29 February and
3 April 2020, 92 patients were recruited, and a total of 42 patients in the IFN group
and 39 patients in the control group completed the study. As the primary outcome,
time to the clinical response was not significantly different between the IFN and the
control groups (9.7 � 5.8 versus 8.3 � 4.9 days, respectively, P � 0.95). On day 14,
66.7% versus 43.6% of patients in the IFN group and the control group, respectively,
were discharged (odds ratio [OR], 2.5; 95% confidence interval [CI], 1.05 to 6.37). The
28-day overall mortality was significantly lower in the IFN than the control group
(19% versus 43.6%, respectively, P � 0.015). Early administration significantly re-
duced mortality (OR, 13.5; 95% CI, 1.5 to 118). Although IFN did not change the time
to reach the clinical response, adding it to the national protocol significantly in-
creased discharge rate on day 14 and decreased 28-day mortality. (This study is in
the Iranian Registry of Clinical Trials under identifier IRCT20100228003449N28.)
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Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) is a novel virus that
has been introduced as the first pandemic of the century since its first detection in

late December 2019 in China (1). The disease is named coronavirus disease 2019
(COVID-19) and manifests with dyspnea, fever, cough, myalgia, and other flu-like
symptoms (2). However, it can progress to more severe disease and cause acute
respiratory distress syndrome (ARDS), organ failure, and death (3). In the absence of
definite treatment, the disease has caused more than 500,000 deaths worldwide in
nearly 6 months (4).

Some antivirals are being examined in the treatment of COVID-19. However, the
results are not sound. Data in terms of efficacy of lopinavir-ritonavir were promising at
first, but a recent randomized trial failed to show benefits, especially in later stages of
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the disease (5). Hydroxychloroquine is another available choice that has been included
in many national protocols (6). However, practitioners have been advised to restrict the
administration of this drug for clinical trials due to its questionable efficacy and risk of
adverse effects (7). The race is still on to find an effective treatment for COVID-19. Most
of our experience came from other coronavirus epidemics, severe acute respiratory
syndrome (SARS) and Middle East respiratory syndrome (MERS) (8).

Interferon (IFN) subtypes were previously examined in the treatment of SARS and
MERS. Primary in vitro experience showed antiviral effects of IFNs, especially IFN-� and
IFN-�, on SARS-CoV (9). The same results were reported for IFN-� against MERS-CoV (10,
11). Later, in an animal model, higher antiviral activity of IFN-� compared to that of
lopinavir-ritonavir was shown against MERS-CoV (12). The efficacy of IFN-� on MERS is
still being investigated (13).

The antiviral effects of IFNs are expressed through activating interferon-stimulated
genes (ISGs) (14). Additionally, by decreasing the vascular leakage, IFN �-1a improved
ARDS complications, regardless of its antiviral properties (15). The higher expression of
a protein named CD-73 also could lead to a better prognosis in ARDS. However, these
data were not replicated in a later trial (16).

To the best of our knowledge, there is no published study regarding the use of IFN
�-1a in the treatment of severe COVID-19. In this randomized clinical trial, the efficacy
and safety of IFN �-1a were evaluated in patients with severe COVID-19.

RESULTS
Patients and baseline features. During the study period, 139 patients were

screened, of whom 103 subjects were eligible. Considering dropouts, 81 patients (42 in
the IFN and 39 in the control group) completed the treatment for further analysis (Fig.
1). Males were 54.3% of patients. The mean age � standard deviations (SD) in the IFN
and control groups was 56.0 � 16 and 59.5 � 14 years, respectively. Fifty-two (64.19%)
patients had positive nasopharyngeal real-time PCR (RT-PCR) for SARS-CoV-2, and 29
(35.81%) patients were diagnosed according to the clinical signs/symptoms along with
the imaging findings. Hypertension (38.3%), cardiovascular diseases (28.4%), diabetes
mellitus (27.2%), endocrine disorders (14.8%), and malignancy (11.1%) were common
baseline diseases. Endocrine disorders were dyslipidemia and hypothyroidism. There
was no significant difference in terms of demographic data and baseline diseases
between the groups. The most frequent chief complaints of patients were cough, fever,
and dyspnea (Table 1). APACHE II score at the time of intensive care unit (ICU)
admission was not significantly different between the two groups (15.3 � 4 in the IFN
group versus 14.5 � 3 in the control group, P � 0.79).

Vital signs and laboratory data. Median time from the onset of symptoms
(according to patients’ reports) to the administration of IFN was 10 days (interquartile
range [IQR], 8 to 13). The vital signs at the time of hospital admission were not
statistically different, except respiratory rate was significantly higher in the IFN group
(22 versus 20, respectively, P � 0.009). Comparing the baseline laboratory data at the
time of hospital admission revealed that the median blood urea nitrogen level was
higher in the IFN than in the control group. The median INR value also was significantly
higher in the control group than in the IFN group. Other laboratory findings were
comparable (Table 2).

Treatment strategies. Hydroxychloroquine is the main medication in Iran’s national
protocol for the treatment of COVID-19. Lopinavir-ritonavir or atazanavir-ritonavir may
be added to hydroxychloroquine in severe cases. The antiviral regimens were not
significantly different between the two groups. All antivirals were continued for
10 days. Deep-vein thrombosis prophylaxis and stress ulcer prophylaxis were consid-
ered for patients where indicated. Based on patients’ clinical conditions, azithromycin,
intravenous ascorbic acid, antibiotics, intravenous immunoglobulin (IVIG), or a cortico-
steroid was added to the antiviral regimens. A corticosteroid (methyl prednisolone,
hydrocortisone, or dexamethasone) was administered for 61.9% and 43.6% of patients
in the IFN and the control groups, respectively. The corticosteroid dose was equivalent
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to 250 mg methylprednisolone daily for 3 days. In addition, 35.7% and 25.6% of patients
in the IFN and the control group, respectively, received IVIG. The dose of IVIG was 5 g
daily for 3 days. Supportive care modalities and administered medications are summa-
rized in Table 3.

Outcomes and complications. As a primary outcome, the time to clinical response
was not significantly different between the IFN and control groups (9.7 � 5.8 versus
8.3 � 4.9 days, respectively, P � 0.95), which is shown in the Kaplan-Meier plot (Fig. 2).
The log rank test also revealed that there was no statistically significant difference
between the groups, considering time to clinical response (hazard ratio [HR], 1.10; 95%
CI, 0.64 to 1.87; P � 0.72).

The six-category ordinal scale was assessed at days 0, 7, 14, and 28 (Table 4). On day
0, there was no significant difference between the groups in terms of the components

FIG 1 Consort flowchart of the study.
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of this scale. On day 7 of therapy, 19% of patients in the IFN group were discharged
with no deaths. At this time, 28% of patients in the control group were discharged and
25% died. However, the difference was not statistically significant (odds ratio [OR], 0.60;
95% CI, 0.21 to 1.69). On day 14, the results were statistically significant, and 66.7%
versus 43.6% of patients in the IFN group and the control group, respectively, were
discharged (OR, 2.5; 95% CI, 1.05 to 6.37). When the administration of IVIG and
corticosteroid was considered a probable confounding factor, the adjusted odds ratio
was 4.05 (95% CI, 1.42 to 11.55).

Regarding the time of IFN initiation, the analysis showed that early administration
significantly reduced mortality (OR, 13.5; 95% CI, 1.5 to 118). However, late administra-
tion of IFN did not show significant effects (OR, 2.1; 95% CI, 0.48 to 9.6).

Other secondary outcomes, such as duration of hospital stay, length of ICU stay, and
duration of mechanical ventilation, were not statistically different. However, more
patients were extubated in the IFN group (P � 0.019). Additionally, the 28-day overall
mortality was significantly lower in the IFN than the control group (19% versus 43.6%,
respectively, P � 0.015). In multivariate analysis, the effect of IFN on the reduction of
mortality was shown (OR, 2.95; 95% CI, 1.08 to 8.03). When the model was adjusted for
administration of IVIG and corticosteroid as confounding factors, the effect not only
remained but also became stronger (OR, 6.65; 95% CI, 1.67 to 26.45). Kaplan-Meier plot
for assessment of survival was also determined (HR, 0.375; 95% CI, 0.16 to 0.87; P �

0.024) (Fig. 3).

TABLE 1 Baseline characteristics of patients

Variablea

Value(s) for

IFN group (n � 42) Control group (n � 39)

Age (median with IQR) (yr) 56.50 (47.25–67.25) 61.00 (50.00–70.00)
Male, n (%) 22 (52.38) 22 (56.4)
Female, n (%) 20 (47.61) 17 (43.58)
BMI (median with IQR) kg/m2 25.00 (23.00–29.00) 25.00 (22.00–29.00)

Baseline diseases, n (%)
Any comorbidity 32 (76.19) 31 (79.48)
Hypertension 15 (35.71) 16 (41.02)
Diabetes mellitus 13 (30.95) 9 (23.07)
Ischemic heart disease 11 (26.19) 12 (30.76)
Endocrine disorder 6 (14.28) 6 (15.38)
Malignancy 4 (9.52) 5 (12.82)
Neuropsychiatric disorders 3 (7.14) 2 (5.12)
Hematologic disorder 2 (4.76) 0
Rheumatoid disorder 1 (2.38) 2 (5.12)
Renal disease 1 (2.38) 2 (5.12)
Liver disease 1 (2.38) 2 (5.12)
Rheumatoid arthritis 1 (2.38) 1 (2.56)
Asthma 1 (2.38) 0
Transplantation 1 (2.38) 0
COPD 0 1 (2.56)

Symptoms at admission, n (%)
Cough 37 (88.09) 25 (64.10)
Fever 30 (71.42) 20 (51.28)
Dyspnea 29 (69.04) 27 (69.23)
Myalgia 16 (38.09) 20 (51.28)
Chills 16 (38.09) 5 (12.82)
Anorexia 12 (28.57) 6 (15.38)
Diarrhea 8 (19.04) 2 (5.12)
Malaise 6 (14.28) 8 (20.51)
Nausea/vomiting 4 (9.52) 10 (25.64)
Headache 3 (7.14) 4 (10.25)
Chest discomfort 1 (2.38) 4 (10.25)

Duration, in days, of symptoms before
admission (mean � SD)

8.33 � 4.5 6.57 � 3.6

aBMI, body mass index; COPD, chronic obstructive pulmonary disease; SD, standard deviations.
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Complications during the hospitalization course, incidence of organ failure, and
adverse effects were not different between the groups. Injection-related side effects
(fever, chills, myalgia, and headache a few hours after injection of IFN) happened in 8
(19%) patients (Table 5).

A hypersensitivity reaction occurred in one patient who received IFN. The
reaction presented with maculopapular rash on the trunk and both upper and lower
limbs. However, the patient was taking herbal medicine for cough consisting of
thyme and honey and other medications, like hydroxychloroquine and lopinavir-
ritonavir, concomitantly. Interferon was discontinued after the fourth dose, and
rashes began to disappear within 3 days. According to the Naranjo score, the
reaction possibly was due to IFN.

Neuropsychiatric problems were detected in 4 patients in the IFN group. Two cases
experienced severe agitation and two cases complained of mood swings (mostly
depression). One of the patients with mood swings had a history of mild depressive
disorder in past years. Out of 4 cases, two patients were in the hospital for nearly
1 month. Neuropsychiatric side effects of IFN are unlikely to happen in short-term use.
All patients received a psychiatric consult. According to the Naranjo score, IFN possibly
and probably caused neuropsychiatric problems in three and one patients, respectively.

DISCUSSION

The present study was the first randomized, open-label, controlled trial that assessed
the efficacy and safety of IFN �-1a in the treatment of patients diagnosed with severe
COVID-19. Time to reach the clinical response did not change following adding IFN to
the national protocol medications. However, IFN significantly improved the discharge
rate by day 14. The 28-day mortality also was significantly lower in the IFN group.
Patients who received IFN in the early phase of the disease experienced significantly
more benefits from the treatment. Some injection-related adverse effects of IFN oc-
curred, and all were tolerable.

TABLE 2 Initial vital signs and laboratory data

Variable

Value(s) [median (IQR)] for:

IFN group Control group

Temp (°C) 37.30 (36.70–38.72) 37.25 (36.97–38.00)
Heart rate (beats/min) 95 (83–105) 92 (80–101)
Respiratory rate (breaths per min) 22 (19–29) 20 (18–24)
Systolic blood pressure (mm Hg) 120 (117–130) 120 (110–130)
SPO2 (%) 89 (83–90) 87 (84–90)
White blood cell (cells/�l) 7,200.00 (5,175.00–9,250.00) 6,650.00 (4,900.00–9,550.00)
Acute lymphocyte count (cells/�l) 1,017.00 (689.00–1,321.25) 850.00 (650.00–1,150.00)
Hemoglobin (g/dl) 13.10 (11.45–14.50) 13.40 (11.97–14.72)
Platelet count (cells �103/�l) 187.50 (160.50–281.50) 196.00 (136.25–245.00)
Blood urea nitrogen (mg/dl) 28.50 (22.00–48.50) 15.00 (11.00–21.00)
Creatinine (mg/dl) 1.10 (0.97–1.30) 1.10 (0.90–1.30)
Sodium (mEq/liter) 139.00 (136.00–141.25) 138.00 (134.00–140.00)
Potassium (mEq/liter) 4.10 (3.90–4.62) 4.10 (3.80–4.40)
Calcium (mg/dl) 8.00 (7.70–8.50) 8.10 (7.80–8.50)
Phosphorus (mg/dl) 3.15 (2.70–3.95) 2.80 (2.50–3.10)
Magnesium (mg/dl) 2.05 (1.80–2.27) 2.00 (1.77–2.12)
Aspartate aminotransferase (U/liter) 40. (28–65) 43 (30–58)
Alanine aminotransferase (U/liter) 36 (24–52) 33 (26–54)
Alkaline phosphatase (U/liter) 158 (115–203) 152 (118–202)
Total bilirubin (mg/dl) 0.60 (0.40–1.20) 0.8 (0.50–1.02)
International normalized ratio (INR) 1.06 (1.02–1.12) 1.10 (1.05–1.20)
C-reactive protein (mg/dl) 149 (91–20) 122 (45–187)
Erythrocyte sedimentation rate (mm/h) 78 (58–87) 65 (45–81)
Lactate dehydrogenasea (U/liter) 642 (454–899) 758 (582–870)
Creatine phosphokinaseb (U/liter) 146 (69–334) 139 (100–233)
Troponin-Ic (ng/liter) 5.80 (1.70–13.90) 4.50 (1.50–20.40)
aLactate dehydrogenase was measured for 66% and 58% of patients in the IFN and control groups,
respectively.

bCreatinine phosphokinase was measured in 42% and 58% of patients in the IFN and control groups,
respectively.

cTroponin was measured in 35% and 69% of patients in the IFN and control groups, respectively.

Interferon �-1a in Treatment of Severe COVID-19 Antimicrobial Agents and Chemotherapy

September 2020 Volume 64 Issue 9 e01061-20 aac.asm.org 5

https://aac.asm.org


As of now, no effective therapy has been introduced for COVID-19. Some anti-
inflammatory agents and cytokine release inhibitors, like corticosteroids and tocili-
zumab (acting against IL-6), have been proposed (17, 18). However, increasing risk of
secondary infections, activation of latent tuberculosis, and other adverse effects are
serious concerns (19). Lopinavir-ritonavir did not improve time to the clinical improve-
ment and mortality (5). The efficacy of other therapeutic modalities, like convalescent
plasma, is not clear (20).

Among the coronavirus family, the efficacy of IFNs at first was reported in SARS (21).
After the subsidence of the SARS epidemic, IFN was again proposed for treatment of
another coronavirus, MERS. However, different subtypes of IFN (alpha and beta) in
combination with ribavirin did not show significant efficacy in critically ill patients with
MERS (22). Due to promising primary effects of IFN �-1 in MERS, a trial for evaluating
its efficacy is still running (13). Thus, IFNs, especially type I, are still interesting options
for recent epidemics. One study evaluated the effects of IFN �-1b in combination with
lopinavir-ritonavir and ribavirin on mild to moderate COVID-19 (23). In addition, neb-
ulized IFN �-2b in combination with oral arbidol was examined for the treatment of the
disease (24).

IFNs may have multifunctional roles in the pathogenesis of SARS-CoV-2. IFNs are
natural cytokines that are produced in response to viral infections. They can activate
interferon-stimulated genes (ISGs) and increase the expression of angiotensin-
converting enzyme inhibitor 2 (ACE2). Although the upregulation of ACE2 might
increase the risk of SARS-CoV-2 infection, by inactivating angiotensin II, it might protect
lung host cells from further injury (25). Viral infections, including SARS-CoV-2, can
suppress the production of IFN types 1 and 3 but induce the production of IL-6 and
TNF. IFN type 1 might remarkably reduce viral replication (26). Interestingly, SARS-CoV

TABLE 3 Supportive care interventions and medications

Variablea

Value(s) for:

IFN group (n � 42) Control group (n � 39)

Time from starting symptoms to start of
interventions (means � SD)

11.70 � 5.71 9.31 � 4.45

ICU admission, n (%) 19 (45.23) 23 (58.97)

Respiratory support, n (%)
Nasal cannula 2 (4.76) 1 (2.56)
Face mask 24 (57.14) 21 (53.84)
NIPPV 1 (2.38) 0
IMV 15 (35.71) 17 (43.58)

Medications, n (%)
Hydroxychloroquine 40 (95.23) 39 (100.0)
Antiviral regimen 42 (100) 39 (100)
Atazanavir-ritonavir 17 (40.47) 19 (48.71)
Lopinavir-ritonavir 25 (59.52) 20 (51.28)
Azithromycin 8 (19.04) 5 (12.82)
Vitamin C 13 (30.95) 12 (30.76)
Broad-spectrum antibiotics 33 (78.57) 27 (69.23)
Diphenhydramine 17 (40.47) 26 (66.66)
Antiemetic 11 (26.19) 6 (15.38)
Opioid 14 (33.33) 17 (43.58)
Stress ulcer prophylaxis 42 (100) 39 (100)
Deep-vein thrombosis prophylaxis 41 (97.61) 37 (94.87)
Statins 9 (21.42) 6 (15.38)
ARBs 10 (23.80) 4 (10.25)
Beta-blockers 8 (19.04) 2 (5.12)
Calcium channel blockers 7 (16.66) 5 (12.82)
ACEIs 1 (2.38) 2 (5.12)
Corticosteroid 26 (61.90) 17 (43.58)
Immunoglobulin 15 (35.71) 10 (25.64)

aACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; IMV, invasive mechanical
ventilation; NIPPV, noninvasive positive pressure ventilation; SD, standard deviations.
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showed the ability to act against the effects of IFNs (27, 28). SARS-CoV encoded a family
of proteins, the open reading frame (ORF) family, that inhibits STAT1 transporter from
entering the nucleus and blocks interferon signaling (28). However, recently it has been
shown that the function of some proteins in this family (ORF6 and ORF3b) had changed
in SARS-CoV-2. This may have changed the pathogenesis of SARS-CoV-2 and its
interaction with IFN (29).

Beside the antiviral effects of IFNs, the potential role of IFN �-1a in improving ARDS
complications was proposed. Expression of CD-73 proteins in lung cells and decrease in
vascular leakage in ARDS and subsequent mortality were reported following treatment
with intravenous IFN �-1a (15). However, the results were not repeated in the next,
larger trial (16). This may be related to the extensive use of glucocorticoids in the latter
trial that can interfere with the effect of IFN. The antagonist effects of corticosteroids
are considerable (30).

The mean age of patients in the present study was 57 � 15 years. The mean or
median ages were different in published studies, from 46 to 65 years (31, 32). The male
gender was dominant in our study, resembling other studies of COVID-19 (5, 32).
Although gender difference is evident in many studies of COVID-19, it does not affect
outcomes. However, in one study, critically ill males had higher mortality (33). This
difference was first explained by the increase in expression of ACE2 (the receptor for
entrance of SARS-CoV2 to the cell) in Asian men (34). Later, the issue was attributed to
the higher rate of cigarette smoking in Asian men than Asian women. However, both
hypotheses should be confirmed in future studies. At present, neither gender nor
smoking is certainly correlated with severity of COVID-19 (35).

Baseline vital signs and laboratory data were almost comparable between the
groups, with some exceptions. The respiratory rate was significantly higher in the IFN
group. The mean blood urea nitrogen level was higher in this group. This may be due
to the higher rate of diarrhea as an initial symptom of COVID-19 in this group compared

FIG 2 Kaplan-Meier plot for time to clinical response. Hazard ratio was calculated as 1.10 with 95% CI of 0.64
to 1.87.
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to the control one (19% versus 5.1%). Diarrhea may cause dehydration and lead to
higher blood urea nitrogen.

Two patients in the control group were under treatment with warfarin, which may
explain the higher INR (international normalized ratio) mean value in this group. Before
interpretation of the laboratory results, it should be noted that serum levels of lactate
dehydrogenase, creatine phosphokinase, and troponin were not measured for all
included patients.

As a primary outcome of the study, time to reach the clinical response was not
significantly different between the groups. Considering the dysregulated inflammatory
response in the pathogenesis of the late phase of COVID-19, it is not surprising that
antivirals do not have immediate effects in relieving the main symptoms at this stage.
In the study of Hung et al., as a secondary outcome clinical improvement occurred
significantly faster in the IFN combination therapy group (lopinavir-ritonavir plus
interferon �-1b plus ribavirin) than in the control group, i.e., 7 versus 12 days (23).
However, it should be noted that most of the patients in this study had mild disease.
Remdesivir also shortened time to recovery in mild cases, i.e., 11 days compared to
15 days in the placebo group. The definition of time to recovery was somewhat
different from that of our study (36). In severe cases, remdesivir showed better results
in a 5-day than 10-day course. However, this arm of the study did not have a control
group (37).

The length of ICU and hospital stays and duration of mechanical ventilation were
not statistically different between the groups, like the other interferon trial (23).

TABLE 4 Findings based on the six-category scale at days 0, 7, 14, and 28

Parameter

Value(s) [no. (%)] for:

OR (if calculated)IFN group (n � 42) Control group (n � 39)

Day 0
1-Discharge
2-Hospital admission not requiring supplemental oxygen 1 (2.38) 0
3-Hospital admission, requiring supplemental oxygen 29 (69.04) 27 (69.23)
4-Hospital admission, requiring high-flow nasal cannula or

noninvasive mechanical ventilation
3 (7.14) 1 (2.56)

5-Hospital admission, requiring invasive mechanical ventilation 9 (21.42) 11 (28.20)
6-Death

Day 7
1-Discharge 8 (19.04) 11 (28.20) 0.60 (0.21–1.69)
2-Hospital admission not requiring supplemental oxygen 2 (4.76) 0
3-Hospital admission, requiring supplemental oxygen 21 (50.00) 12 (30.76)
4-Hospital admission, requiring high-flow nasal cannula or

noninvasive mechanical ventilation
1 (2.38) 0

5-Hospital admission, requiring invasive mechanical ventilation 10 (23.80) 6 (15.38)
6-Death 0 10 (25.64)

Day 14
1-Discharge 28 (66.66) 17 (43.58) 2.5 (1.05–6.37)
2-Hospital admission not requiring supplemental oxygen 1 (2.38) 0
3-Hospital admission, requiring supplemental oxygen 5 (11.90) 6 (15.38)
4-Hospital admission, requiring high-flow nasal cannula or

noninvasive mechanical ventilation
1 (2.38) 0

5-Hospital admission, requiring invasive mechanical ventilation 3 (7.14) 2 (5.12)
6-Death 4 (9.52) 14 (35.89)

Day 28
1-Discharge 31 (73.80) 23 (58.97) 1.96 (0.76–5.01)
2-Hospital admission not requiring supplemental oxygen 2 (4.76) 0
3-Hospital admission, requiring supplemental oxygen 1 (2.38) 0
4-Hospital admission, requiring high-flow nasal cannula or

noninvasive mechanical ventilation
0 0

5-Hospital admission, requiring invasive mechanical ventilation 0 1 (2.56)
6-Death 8 (19.04) 15 (38.46)

Davoudi-Monfared et al. Antimicrobial Agents and Chemotherapy

September 2020 Volume 64 Issue 9 e01061-20 aac.asm.org 8

https://aac.asm.org


However, according to the six-category ordinal scale, more patients were discharged
following IFN therapy at day 14. This scale was also used in the study of remdesivir, but
the same results were not detected (32). One of the remarkable findings in our study
was a decrease in 28-day mortality in the IFN group that was not achieved in other
studies on COVID-19 (23, 32). Neither in early use (within 10 days of the onset of the
symptoms) nor in the late phase (10 days after the onset of the symptoms) did
remdesivir significantly change mortality in patients with severe COVID-19 (32). Al-
though the effect of IFN on decreasing the mortality of patients with severe COVID-19
is surprising, the results should be interpreted with caution and considering the
limitations of the study. Four patients in the IFN group died before receiving the fourth
dose of IFN. According to the protocol of the study, these patients were excluded from
the final analysis for assessing mortality. Further studies are needed to confirm the
results.

As in previous reports, the mortality rate in our patients in the control group was
high. In patients with severe COVID-19, mortality rate has been reported between 62%
and 81% (38, 39). About half of the included patients had severe conditions and were
transferred to the ICU. Most were intubated and were under mechanical ventilation.

The clinical course of COVID-19 is divided into early viral replication phase and late
cytokine release phase (40). It was suggested that early administration of antiviral
medications (within 7 to 10 days of the onset of the symptoms) would improve
outcomes of patients with COVID-19 (32). Additionally, early administration of IFNs was
recommended in the treatment of MERS (41). The early administration of antiviral
agents in viral infections can accelerate viral clearance and postpone neutrophil
infiltration. Early administration of IFN �-1a, even in severely ill, mechanically ventilated
patients, led to a higher survival rate. Late administration did not show more benefits.

Regarding the safety of IFN therapy in patients with COVID-19, injection-related
reactions, including fever, chills, headache, and fatigue (early after injection), were

FIG 3 Kaplan-Meier plot for survival. Hazard ratio was calculated as 0.375 with 95% CI of 0.16 to 0.87.
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detected in 19% of the patients. All of these symptoms responded to the supportive
therapy (acetaminophen) and change in the time of injection to late night. No ery-
thema or injection site reaction, or any reaction that caused treatment interruption, was
reported. Considering the duration of the intervention, the incidence rate of IFN
adverse reactions was lower than that reported in patients with multiple sclerosis (42).
However, it should be accounted that some patients in our study were under mechan-
ical ventilation, and the exact evaluation of these reactions was not feasible. As a
component of the supportive care in COVID-19, most patients received analgesic and
antipyretic concomitant with antiviral agents and IFN. These medications might mask
the adverse reactions of IFN, too.

Nausea, vomiting, and abdominal pain were the most common gastrointestinal
complications in our patients, and the incidence rates were not different between the
groups. Although two cases experienced slight elevation in serum amylase and lipase
levels, in further evaluations, no pancreatitis was confirmed. COVID-19 can cause
several gastrointestinal symptoms. However, gastrointestinal symptoms that started
after the hospital admission may be related to the medications. The incidence rates of
AKI and hepatic impairment were not significantly different between the IFN and the
control groups. Both renal and liver injuries can be COVID-19-associated organ dys-
function (43). The nephrotoxicity of medications like antibiotics and furosemide (which
were frequently prescribed in our patients) and hepatotoxicity of antiviral agents also
should be taken into account. No case of hepatotoxicity that led to the discontinuation
of interferon was detected. Indirect hyperbilirubinemia is one of the adverse effects of
atazanavir-ritonavir (44).

This study had some limitations. In this open-label, randomized clinical trial, patients
in general and intermediate wards and intensive care units were recruited. Most of the
general wards actually were intermediate wards, but the accurate classification was not
possible due to special and emergent conditions. Due to restrictions in each pandemic
event and low experience, the diagnosis of COVID-19 was according to either positive

TABLE 5 Outcomes of the study

Outcome

Value(s) [means � SD or n (%)]

P valueIFN group (n � 42) Control group (n � 39)

Time from starting the interventions to the clinical response (days) 9.74 � 5.8 8.39 � 4.9 0.95
Required invasive mechanical ventilation 15 (35.71) 17 (43.58) 0.30
Extubation ratec (%) 8 (53.33) 2 (11.76) 0.019
Duration of mechanical ventilation (days) 10.86 � 5.38 7.82 � 7.84 0.47
Duration of ICU stay (days) 7.71 � 8.75 8.52 � 7.48 0.42
Duration of hospital stay (days) 14.80 � 8.45 12.25 � 7.48 0.69

Death in hospital 8 (19.04) 16 (41.02) 0.027
Death in general wardsa 0 2 (12.50) 0.17
Death in ICUb 8 (42.10) 14 (60.86) 0.14

28-Day mortality 8 (19) 17 (43.6) 0.015

Complications
Acute kidney injury 12 (28.57) 11 (28.20) 0.58
Nosocomial infections 11 (26.19) 5 (12.82) 0.09
Septic shock 10 (23.80) 7 (17.94) 0.35
Hepatic failure 5 (11.90) 9 (23.07) 0.15
Deep vein thrombosis/pulmonary thromboembolism 1 (2.38) 0 0.51

Adverse events
Hypersensitivity reactions 1 (2.38) 0 0.51
IFN-related injection reactions 8 (19.04) 0
Neuropsychiatric problems 4 (9.52) 0 0.06
Indirect hyperbilirubinemia 1 (2.38) 1 (2.56) 0.73

aTwenty-two patients in the IFN group and 16 patients in the control group were in the general ward.
bNineteen patients in the IFN group and 23 patients in the control group were in the intensive critical unit.
cThe percentage of extubated patients was calculated according to the number of intubated patients.
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RT-PCR or signs/symptoms plus imaging findings highly suggestive for the disease. In
addition, in assessing viral load, follow-up PCR and imaging was not possible due to
limitations and emergent conditions.

Conclusions. Although IFN did not change the time to reach a clinical response,
added to the national protocol, it significantly increased the discharge rate on day 14
and decreased 28-day mortality. Improved survival rate was significant when patients
received IFN �-1a in the early phase of the disease. Adverse effects of IFN �-1a were
injection-related, neuropsychiatric problems, and hypersensitivity reactions that all
were tolerable and resolved during the follow-up period.

MATERIALS AND METHODS
Study design. This open-label, randomized clinical trial was conducted to assess the efficacy and

safety of IFN-�-1a in the treatment of adult (aged �18 years) patients diagnosed with COVID-19. Patients
were admitted from 29 February to 3 April 2020 in Imam Khomeini Hospital Complex, the main central
hospital in Tehran, capital of Iran.

Eligibility criteria. The diagnosis of COVID-19 was according to either a positive real-time PCR
(RT-PCR) of the deep nasopharyngeal secretions or clinical signs/symptoms plus imaging findings highly
suspicious for COVID-19. RNA extraction was performed using the viral nucleic acid extraction kit (no.
YVN50/YVN100) provided by RBC Bioscience, Taipei, Taiwan. After processing nasopharyngeal samples,
rapid RT-PCR was performed by a novel coronavirus (2019-nCOV) nucleic acid diagnostic kit (PCR-
fluorescence probing) from Sansure Biotech (S3102E) (Changsha, China) according to the instructions of
the manufacturer.

Cough, fever, myalgia, dyspnea, headache, chills, anorexia, gastrointestinal problems, and chest
discomfort were considered symptoms of the disease. More than 50% involvement of the field of
examination with typical findings of COVID-19, including peripheral, bilateral ground glass opacities
(GGO) or multifocal GGO of rounded morphology with or without consolidations or crazy paving, was
defined as a positive computed tomography scan.

Patients with severe COVID-19 were included (45). These patients had at least one of the following
conditions: (i) hypoxemia (need for noninvasive or invasive respiratory support to provide capillary
oxygen saturation above 90%), (ii) hypotension (systolic blood pressure less than 90 mm Hg or vaso-
pressor requirement), (iii) renal failure secondary to COVID-19 (according to KDIGO definition) (46), (iv)
neurologic disorder secondary to COVID-19 (decrease of 2 or more scores on the Glasgow Coma Scale),
(v) thrombocytopenia secondary to COVID-19 (platelet count less than 150,000/mm3), and (vi) severe
gastrointestinal symptoms secondary to COVID-19 (vomiting/diarrhea that caused at least mild dehy-
dration).

Allergy to IFNs, receiving IFNs for any other reason, severe depression, previous suicide attempts,
alanine amino transferase (ALT) �5� the upper limit of the normal range, and pregnant women were
defined as the exclusion criteria of the study.

The Ethics Committee of Tehran University of Medical Sciences approved the study (approved ID
IR.TUMS.VCR.REC.1398.1052), and the protocol of the trial was registered (registered ID
IRCT20100228003449N28). The protocol of the study was explained to the patients, and written informed
consents were obtained from them or from their next of kin.

Sample size and randomization. Due to the lack of a similar study at the start of this trial, for
producing significant difference, the estimated time to clinical response was assumed. By estimating
15 days to reach clinical response and to detect a difference of 5 days, the sample size was estimated. A
number of 46 patients was estimated for each group.

Randomization was performed for all patients. An allocation ratio of 1:1 was accounted between IFN
and the control group in randomization, but the patients had to receive at least four injections of IFN to
be included in the final analysis. The randomization was performed by permuted block randomization
and block sizes of 2, 4, and 6, used randomly. The statistician prepared a list of numbers for random-
ization. Sequentially numbered opaque envelopes were prepared according to the list, and envelopes
were delivered to the clinical investigators. The statistician that performed randomization and analysis
was unaware of the treatment and follow-up of patients.

Treatment protocols. Patients in the IFN group received IFN �-1a in addition to the national
protocol medications. Each 44-�g/ml (12 million IU/ml) dose of interferon �-1a (ReciGen, CinnaGen Co.,
Iran) was subcutaneously injected three times weekly for two consecutive weeks. The control group
received only the standard of care. The standard of care (the hospital protocol) consisted of hydroxy-
chloroquine (400 mg twice a day [BID] on the first day and then 200 mg BD) plus lopinavir-ritonavir (400
and 100 mg, respectively, BD) or atazanavir-ritonavir (300 and 100 mg, respectively, daily) for 7–10 days.
Primary care, respiratory support, fluid, electrolyte, analgesic, antipyretic, corticosteroid, and antibiotic
treatments were recommended in the hospital protocol if indicated. The duration of the study was 2
weeks, and the patients were monitored for 4 weeks.

Demographic data, baseline characteristics, and laboratory data were recorded for each patient.
APACHE II score at the time of ICU admission was calculated for critically ill patients. All patients were
daily monitored in terms of vital signs, medical interventions, and clinical conditions during the study
course.

The need for respiratory support (invasive, noninvasive, or not required) was assessed by a physician
regularly. Patients were assessed to fit in one of the six categories of the ordinal scale at days 0, 7, 14,
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and 28 of inclusion (47). If discharged, the patient was followed up by phone. Readmission was surveyed
until 3 May.

Outcomes assessment. The primary outcome of the study was time to reach clinical response.
Clinical response was defined according to the six-category ordinal scale (47). This scale classifies patients
into six categories according to the severity of the viral pneumonia: (1) discharge; (2) hospital admission,
not requiring oxygen; (3) hospital admission, requiring oxygen; (4) hospital admission, requiring nonin-
vasive positive pressure ventilation; (5) hospital admission, requiring invasive mechanical ventilation; (6)
death. Time to clinical response was considered the number of days required to at least two scores of
improvement on the scale or patient’s discharge, whichever occurred sooner. Secondary outcomes were
duration of mechanical ventilation, duration of hospital stay, length of ICU stay, 28-day mortality, effect
of early or late (before or after 10 days of the onset of symptoms) administration of IFN on mortality,
adverse effects, and complications during the hospitalization. The following adverse effects of the
antiviral regimen/IFN �-1a and complications during the hospitalization course were assessed: gastro-
intestinal (nausea, vomiting, diarrhea, abdominal pain, and pancreatitis), anaphylaxis and allergic reac-
tions (rash, urticaria, angioedema, bronchospasm, and dyspnea related to medication administration),
IFN injection-related reaction (skin erythema and necrosis, chills, fever, and flu-like symptoms after
injection), neuropsychiatric (sleep disorder, psychosis, agitation, depression, and mania), renal impair-
ment (according to KDIGO definition) (46), hepatic impairment (hepatic aminotransferase serum levels
raised more than three times the upper limit of normal or serum total bilirubin above 2 mg/dl) (48),
indirect hyperbilirubinemia (direct bilirubin level less than 15% of the total bilirubin) (49), incidence of
thromboembolism (deep-vein thrombosis or pulmonary thromboembolism), incidence of nosocomial
infections, and diagnosis of septic shock (according to the surviving sepsis campaign guidelines) (50). The
Naranjo scale was used for evaluation of adverse effects of IFN. In this standard scale, several items,
including previous reports, relationship with starting the agent, improvement after discontinuation,
challenge result, alternative causes, data of drug assay, dose dependency, and patient’s history of the
same reaction were considered. Total scores of �8, 5 to 8, and 1 to 4 were considered definite, probable,
and possible correlations between the use of IFN and the adverse drug reaction, respectively (51).

Statistical analysis. The quantitative variables were reported as means � standard deviations (SD)
if they had normal distributions or as median with IQR if they did not pass the normality test. The
qualitative ones were reported as number (percent). For comparing the quantitative variables, t test or
Mann-Whitney test was used. The qualitative variables were compared by chi-square test.

The analysis was performed on a per-protocol basis, and patients who did not receive at least four
doses of IFN were not included. The Kaplan-Meier plot and log rank test were used to compare the
number of days to reach the clinical response and survival time between the groups. The HR and 95%
CI for clinical improvement and death were estimated by Cox proportional hazards model. The odds ratio
was also calculated for patients who received IFN early versus late. The multiple logistic regression model
was performed for the variables that were significantly different between the groups according to the
univariate analysis. In the multiple logistic regression model, corticosteroid and immunoglobulin were
adjusted as confounding factors, and the adjusted odds ratio was reported. SPSS software (version 24)
was used for statistical analyses.
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