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Summary. Background: There is no study regarding the use of SOF/LDP in treatment of COVID-19. Objec-
tives: In this study, the efficacy and safety of SOF/LDP were assessed in treatment of patients with mild to
moderate COVID-19. Methods: Among an open-label randomized clinical trial, 82 patients with mild to
moderated COVID-19 were assigned to receive either SOF/LDP 400/100 mg daily plus the standard of
care (SOF/LDP group, n=42) or the standard of care alone (control group, n=40) for 10 days. Time to clini-
cal response, rate of clinical response, duration of hospital and ICU stay and 14-day mortality were assessed.
Results: Clinical response occurred in 91.46% of patients. Although rates of clinical response were comparable
between the groups but it occurred faster in the SOF/LDP group than the control group (2 vs. 4 days respec-
tively, P= 0.02). Supportive cares were provided in the medical wards for most patients but 17.07% of patients
were transferred to ICU during the hospitalization course. However, durations of hospital and ICU stay were
comparable between the groups. 14-day mortality rate was 7.14% and 7.5% in the SOF/ LDP and control
groups respectively. No adverse effects leading to drug discontinuation occurred. Gastrointestinal events (nau-
sea, vomiting and diarrhea) were the most common side effects (15.85%). Conclusion: Added to the standard
of care, SOF/LDP accelerated time to the clinical response. However, rate of clinical response, duration of
hospital and ICU stay and 14-day mortality were not different. No significant adverse event was detected.
More randomized clinical trials with larger sample sizes are needed to confirm the eflicacy and safety of SOF/
LDP in the treatment of COVID-19. (www.actabiomedica.it)
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Introduction

A series of viral pneumonia emerged in Decem-
ber 2019 in Wuhan, China that was later named as
coronavirus disease 2019 (COVID-19) caused by
a novel coronavirus, SARS-CoV-2. (1-2) Patients
mostly present with fever, cough, dyspnea, fatigue and
myalgia with laboratory findings mostly consisting of
lymphopenia and increased inflammatory biomark-
ers. (3) Diagnosis is based on clinical features, imag-
ing studies (peripheral ground glass opacities in chest
radiograph) and RT-PCR. (4) There is no approved
drug for the treatment of COVID-19 and basically
efforts should be made to manage patients with sup-
portive care.

The immune response in COVID-19 happens in
two phases i.e. viral phase in which the immune system
helps eliminate the virus and cytokine release phase in
which lung damage will progress. (5)

Coronaviruses are members of nidovirale order
which consist of alfa, beta, gamma and delta family
that have the largest known RNA.6 SARS-CoV-2isa
member of betacoronavirus family which also includes
SARS-CoV and MERS-CoV strains, causes of out-
breaks in 2002 and 2013. (6-8) Coronavirus genome
is translated into two groups of proteins: structural
and non-structural ones. (9) The genetic material also
encodes 16 non-structural proteins (NSP); RNA-
dependent RNA polymerase (RdRp) is one of the
most important ones in virus replication. The life cycle
of coronavirus is similar to other RNA viruses like
hepatitis C virus (HCV) with similar enzymes and
proteins needed for viral replication. (10)

Sofosbuvir/ ledipasvir (SOF/LDP) is an FDA
approved drug for the treatment of HCV infection.
(11) Sofosbuvir inhibits NS5B-RdRp which is a cru-
cial enzyme in the replication of hepatitis C virus and
ledipasvir inhibits NS5A which is an essential protein
for RdRp function. (12)

Based on in vitro experiments with docking,
SOF/LDP may be potential drugs for the treatment
of COVID-19 but large clinical studies are required
to confirm the idea (10, 13-15). In this study, eflicacy
and safety of SOF/LDP were assessed in treatment of
patients with mild to moderate COVID-19.

Methods

This randomized open-label clinical trial was
designed to evaluate efficacy and safety of SOF/
LDP in treatment of patients with mild to moderate
COVID-19. Ethics committee of Tehran University
of Medical Sciences, Tehran, Iran, approved the study
(code number: IR TUMS.VCR.REC.1398.1074). The
trial was registered at Iranian Registry of Clinical Trials
(IRCT: 20100228003449N29). Patients were admit-
ted to Imam Khomeini Hospital Complex, a referral
tertiary teaching hospital affiliated to Tehran Univer-
sity of Medical Sciences (TUMS), Tehran, Iran. Each
patient provided an informed consent. Patients were
divided into two groups (SOF/LDP or control group)
based on the random allocation. Randomization was
performed by permuted blocked randomization. To
maintain allocation concealment, we used sequen-
tially numbered, opaque sealed envelopes (SNOSE)
method. Ninety identical letter-sized envelopes were
provided. Numbers 1 to 90 were written on the enve-
lopes; “SOF/LDP” was written on one set of 45, and
“control” was written on the second set. Papers were
folded and put in the envelopes. Based on randomized
numbers, patients were enrolled in the groups.

Adult patients (218 years old) with highly sus-
pected (according to the clinical signs/symptoms and
imaging findings) or confirmed (a positive PCR of
pharyngeal or nasopharyngeal samples) COVID-19
who were admitted to medical wards of the hospital,
were included. Patients with history of drug allergy,
decompensated cirrhosis, severe COVID-19, patients
under hemodialysis and pregnant and lactating women
were excluded. Mild and moderate COVID-19 were
defined as (19):

Mild disease: mild symptoms such as fever, rhi-
norrhea, mild cough, sore throat, malaise, headache,
muscle pain, or malaise, but with no shortness of
breath AND no signs of a more serious lower airway
disease AND RR <20, HR <90, oxygen saturation
>93% on room air

Moderate disease: more significant lower respira-
tory symptoms, other than symptoms of mild disease
including shortness of breath OR signs of moderate
pneumonia, including RR> 20, oxygen saturation 88%
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on room air AND lung involvement less than 50 per-
cent in chest X-ray or CT-scan.

Eligible patients received either SOF/ LDP (Zist-
daru Danesh Co.) 400/90 mg daily for 10 days plus
standard of care (SOF/ LDP group) or only standard
of care (control group). In addition to the supportive
care modalities, the standard of care according to the
hospital protocol included hydroxychloroquine (HCQ
400 mg BD at first day then 200 mg BD for 7 days)
plus atazanavir/ritonavir 300/100 mg daily for 7 days.

Patients’ demographic characteristics, signs/
symptoms, vital signs, baseline diseases and past drug
history were recorded at the time of hospital admis-
sion. During the study period, patients were assessed
daily regarding the clinical conditions and the dis-
ease progression. Laboratory and para-clinic findings
were extracted from the hospital HIS. Patients were
assessed daily for clinical response to therapy, time to
the clinical response, adverse effects and complications
during the hospitalization course.

All patients were followed for 14 days. Primary
outcomes were clinical response and time to clinical
response. Secondary outcomes were safety of treat-
ment, complications during hospitalization, duration
of hospital stay and 14-day mortality. Clinical response
was defined as one order decline in disease category
in the five category ordinal scale. The categories are:
death (5), mechanical ventilation (4), non-invasive
ventilation (3), oxygen mask or nasal cannula (2), dis-
charge (1).

Estimating clinical response in 95% and 80% of
patients in the SOF and control groups respectively,
and with power of 80%, the sample size of the study
was calculated as 80 persons.

All statistical analyses were performed using
SPSS version 21 with independent sample t-test and
Chi-square test. Normal distribution of variables was
checked with Kolmogorov-Smirnov test. Continuous
data are reported as median and interquartile range
(IQR) and discrete data are reported as percentage.
As continues variables had non-normal distribution,
non-parametric test (Mann Whitney) was applied to
compare these variables between the groups. P values
less than 0.05 were considered statistically significant.

Kaplan-Meier survival was used to describe the

possibility of hospital discharge and compared the

groups using the log rank test. For bivariate analysis,
Cox proportional hazards model adjusted for disease
severity was applied.

Results

Of 116 patients who were assessed for eligibility,
90 met the inclusion criteria and underwent randomi-
zation. During study, 8 patients were excluded. Finally
40 patients in the control group and 42 patients in the
SOF/ LDP group finished study (figure 1).

The median (IQR) age of the patients was 61.5
(45.5-74.25) and 63 (53.25-70.75) years in the SOF/
LDP and control group respectively. The most com-
mon baseline diseases were hypertension and diabetes
mellitus (45.12%), cardiovascular diseases (31.70%)
and hypothyroidism (10.97%). Angiotensin recep-
tors blockers (37.80%) and metformin (32.93%) were
common medications in patients’ drug history. Cough
(64.63%), fever (56.1%), dyspnea (48.78%) were com-
mon symptoms in patients at the time of hospital
admission. RT-PCR results were positive in 50% of
patients. Lymphopenia (46.34%) and thrombocytope-
nia (23.17%) were common abnormal findings in com-
plete blood count analysis. Most patients (87.80%)
had some degree of lung involvements in the chest
imagings. Median time from onset of the symptoms
to hospital admission was 7 days. There was no sig-
nificant difference between the groups regarding these
baseline characteristics. (table 1)

One patient had contraindication (uncontrolled
arrhythmia) to receive HCQ, Most patients received
atazanavir/ritonavir (89.02%). Indications for start-
ing stress ulcer and deep vein thrombosis prophylaxis
were assessed for all patients and 95.12% and 92.68%
of patients received an agent respectively. Antibiotics
and corticosteroids were considered for 20.73% and
13.41% of patients respectively.

Median peripheral oxygen saturation in admit-
ted patients was 90%. Most patients required respira-
tory support and received oxygen through face mask
(68.29%), nasal cannula (14.63%), invasive (8.53%) or
non-invasive (2.44%) ventilation. There was no signifi-
cant difference between the groups regarding concom-
itant medications. (table 2)
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116 patients were screened for
eligibility

90 patients were eligible and
enrolled

45 patients were assigned to the
control group

5 patients were excluded due to
early hospital discharge (1), were
candidates to receive other
interventions (2), willingness to
exclude from study (2)

40 patients completed study

Figure 1. Consort flowchart of study

Table 1. Baseline characteristics of patients

45 patients were assigned to the
SOF/ LDP group

3 patients were excluded
(candidates to receive other
interventions)

42 patients completed study

Character, median (IQR) or n(%)

SOF/ LDP group (n=42)

Control group (n =40)

Age (years)

61.5 (46.5-74.25)

63 (53.25-70.75)

Body mass index (Kg/m?)

27 (25-30)

25 (24-28)

Smoking

1 (2.38%)

2 (5%)

Baseline diseases

Diabetes mellitus

22 (52.38%)

15 (37.5%)

Hypertension 20 (47.62%) 17 (42.5%)
Cardiovascular diseases 11 (26.19%) 15 (37.5%)
Hypothyroidism 5(11.9%) 4 (10%)
Rheumatoid arthritis 2 (4.76%) 2 (5%)
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Character, median (IQR) or n(%)

SOF/ LDP group (n=42)

Control group (n =40)

Chronic obstructive pulmonary disease 3 (7.14%) 1 (2.5%)
Malignancy 1 (2.38%) 2 (5%)
Transplant 1 (2.38%) 0 (0%)
Drug history

Angiotensin IT receptor blockers 14 (33.33%) 17 (42.5%)
Metformin 16 (38.09%) 11 (27.5%)
Beta blocker 8 (19.05%) 8 (20%)
Aspirin 3 (7.14%) 11 (27.5%)
Insulin 5 (11.9%) 7 (17.5%)
Hydroxychloroquine 5 (11.9%) 4 (10%)
Corticosteroids 5 (11.9%) 2 (5%)
Antibiotics 4(9.52%) 3 (7.5%)
Vitamins and supplements 3 (7.14%) 9 (2.25%)
Non-steroidal anti-inflammatory drug 3 (7.14%) 0(0)
Immunosuppressants 2 (4.76%) 1(2.5%)
Angiotensin converting enzyme inhibitor 2 (4.76%) 1(2.5%)
Methotrexate 1(2.38%) 1(2.5%)

Vital signs at the time of hospital admission

Temperature ("C)

37.2 (36.77-37.9)

37 (36.8-37.7)

Herat rate (beats/ min)

94.5 (88-102.25)

85 (78.25-97.5)

Respiratory rate (breaths/min) 20 (19-22) 20 (18.25-22)
Systolic blood pressure (mmHg) 120 (110-130) 120 (110-130)
O, saturation (%) 90 (88-93) 90 (88-93.75)

Symptoms at the time of hospital admission

Cough 31 (70.58%) 22 (60%)
Fever 21 (50%) 25 (66.66%)
Dyspnea 20 (47.05%) 20 (43.33%)
Myalgia 19 (41.17%) 16 (43.33%)
Chills 15 (35.29%) 18 (50%)
Fatigue 21 (38.23%) 14 (36.66%)
Anorexia 13 (32.35%) 6 (16.66%)
Nausea 11 (20.58%) 7 (23.33%)
Vomiting 9 (23.52%) 7 (23.33%)
Chest discomfort 9 (23.52%) 5 (16.66%)
Headache 10 (23.52%) 4 (6.66%)
Abdominal pain 5 (11.76%) 5 (13.33%)
Diarrhea 6 (11.76%) 1 (3.33%)
Anosmia 6 (14.70%) 0 (0)
Positive RT-PCR 22 (52.38%) 19 (47.5%)
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Character, median (IQR) or n(%)

SOF/ LDP group (n=42)

Control group (n =40)

Laboratory data at the time of hospital admission

White Blood Cell (cells/mm?)

6150 (4675-8425)

5500 (4825-7500)

Lymphocyte count (cells/mm®)

1020 (855-1413)

1000 (690-1575)

Hemoglobin (g/dl)

12.65 (11.97-14.3)

13 (11.85-13.5)

Platelet count (cellsx10°/mm?)

215 (162.25-294)

198 (140-250.5)

Blood Urea Nitrogen (mg/dl)

14 (10.75-18)

13.5 (9-17.75)

Serum creatinine (mg/dl) 1.0 (0.8-1.2) 1.1 (0.9-1.4)
Sodium (meg/1) 137.5 (135-140.25) 138 (136-141)
Potassium (meq/1) 4.45 (4-4.7) 4.2 (3.9-4.57)
Calcium (mg/dl) 8.5 (8-9) 8.2 (7.97-8.75)
Phosphorus (mg/dl) 3(2.7-3.37) 3.15(2.9-3.7)
Magnesium (mg/dl) 1.9 (1.8-2.2) 2.1(1.8-2.2)

Aspartate aminotransferase (U/1)

31 (18.5-43.5)

29 (20-38.25)

Alanine aminotransferase (U/L)

26 (15.5-36.5)

22 (14.75-36.75)

Alkaline phosphatase (U/1)

171 (143-185)

165.5 (113.75-220)

Bilirubin (mg/dl) 0.5 (0.4-0.75) 1(0.6-1)
INR 1(1-1.1) 1(0.8-1.1)
Albumin (g/dl) 3.85 (3.35-4.5) 3.8(3.3-3.95)
C-reactive protein (mg/dl) 55 (41.25-129.75) 64 (47-87)
Erythrocyte sedimentation rate (mm/h) 73 (47.25-89.25) 76 (51.5-89)

Lactate dehydrogenase (U/1)

472 (393.5-636.5)

540 (375.5-620.5)

Creatine phosphokinase (U/1)

126 (34-205.5)

125 (85-157)

Lymphopenia 20 (47.62%) 18 (45%)
Thrombocytopenia 8 (19.05%) 11 (27.5%)
Leukopenia 4(9.52%) 5 (12.5%)
Leukocytosis 2 (4.76%) 3 (7.5%)
Hyponatremia 8 (19.05%) 5 (12.5%)
Hypokalemia 1 (2.38%) 2 (5%)
Hypomagnesimia 18 (42.86%) 11 (27.5%)
Hyperkalemia 3 (7.14%) 1(2.5%)
Hypophosphatemia 2 (4.76%) 0 (0)
Chest radiograph involvement 36 (85.71%) 36 (90%)
Time from onset of the symptoms to hospital 7 (3.75-10) 7 (4-10)
admission (day)

Stage of disease

Mild disease 24 (57.14%) 22 (55%)
Moderate disease 18 (42.86%) 18 (45%)
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Table 2. Medications and supportive cares

Variable SOF/LDP group (n = 42) Control group (n = 40) P value
Hydroxychloroquine 42 (100%) 39 (97.5%) 0.49
Atazanavir 39 (92.85%) 34 (85%) 0.22
Proton pump inhibitor 37 (88.09%) 34 (85%) 0.46
Heparin 39 (92.85%) 33 (82.5%) 0.14
Diphenhydramine 18 (42.86%) 14 (35%) 0.31
Atorvastatin/ rosuvastatin 6 (14.28%) 17 (42.5%) 0.004
Naproxen 9 (21.43%) 14 (35%) 0.13
Angiotensin IT receptor blockers 9 (21.43%) 11 (27.5%) 0.35
Antibiotics 11 (26.19%) 8 (20%) 0.34
Corticosteroids 7 (16.66%) 4 (10%) 0.29
Beta blocker 7 (16.66%) 4 (10%) 0.29
Antiemetics 2 (4.76%) 5(12.5%) 0.19
H, receptor blocker 3 (7.14%) 4 (10%) 0.47
Low molecular weight heparin 2 (47.62%) 2 (5%) 0.67
Vitamin C 4(9.52%) 0 (0) 0.06
Angiotensin converting enzyme inhibitor 1 (2.38%) 2 (5%) 0.48
Respiratory supports
Nasal cannula 3 (7.14%) 9 (22.5%) 0.53
Face mask 34 (80.95%) 22 (55%)
Non-invasive ventilation 2 (4.76%) 0(0)
Mechanical ventilation 3 (7.14%) 4 (10%)
Site of care
General ward 35 (83.33%) 33 (82.5%) 0.58
Intensive care unit 7 (16.66%) 7 (17.5%)

Table 3. Outcomes and adverse effects
Variable SOF/ LDP group (n = 42) Control group (n = 40) P value
Clinical response 38 (90.48%) 37 (92.5%) 0.65
Time to clinical response (day) 2 (1-3.75) 4(2-5) 0.02
Duration of hospital stay (day) 4(2-9.5) 5 (3.25-7) 0.98
Duration of ICU stay (day) 6 (4-11) 9 (6-12) 0.23
14-day mortality 3 (8.82%) 3 (10%) 0.60
Drug adverse events
Cardiovascular 2 (4.76%) 3 (7.5%) 0.48
Kidney injury 3 (7.14%) 0 (0) 0.08
Hyperbilirubinemia 3 (7.14%) 0 (0%) 0.33
Gastrointestinal 6 (14.28%) 7 (17.5%) 0.46
Headache 1 (2.38%) 1(2.5%) 0.74
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Clinical response occurred in 91.46% of patients.
Although rates of clinical response were comparable
between the groups but response occurred faster in the
SOF/LDP group than the control group (2 vs. 4 days
respectively, P= 0.02). The possibility of discharge in
the two groups is shown in Kaplan-Meier plot (Fig 2).
The analysis showed no significant difference between
the groups (95% CI:3.45-5.19, p=0.17)

Use of SOF/LDP was associated with statistically
insignificant shortened length of hospital stay when
adjusted for disease severity (HR: 1.55,95% CI: 0.97-
2.49, p=0.06).

Supportive cares were provided in the medical wards
for most patients but 17.07% of patients were transferred
to ICU during the hospitalization course. Durations of
hospital and ICU stay were comparable between the
groups. 14-day mortality rate was 7.14% and 7.5% in the
SOF/ LDP and control groups respectively.

No adverse effects leading to drug discontinuation
occurred. Gastrointestinal events (nausea, vomiting

and diarrhea) were the most common side effects
(15.85%). QTc prolongation (more than 60 milisec-
onds) was detected in 6.09% of patients. Acute kidney
injury and hyperbilirubinemia occurred in 3 patients in
the SOF/ LDP group during the course of hospitali-
zation. Two out of 3 patients had septic shock. After
recovery from the shock, serum creatinine and biliru-
bin returned near to the normal range.

Discussion

In this trial, efficacy and safety of SOF/LDP in
the treatment of the new emerging viral pneumonia,
COVID-19 was assessed. Comparing with the stand-
ard of care, adding SOF/LDP did not change rate of
clinical response, length of hospital or ICU stay and
14-day mortality in patients with mild to moderate
COVID-19 pneumonia. However, time to clinical
response was significantly shorter in the SOF/ LDP
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Figure 2. Kaplan-Meier curves for the possibility of discharge from hospital
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than the control group. Adverse effects were also com-
parable between the groups.

Similar with previous reports, cough, fever and
dyspnea were common chief complaints at the time of
hospital admission. Also lymphopenia was the most
common laboratory abnormality. (3,20)

There are two randomized and one non-rand-
omized clinical trials evaluating the effect of sofosbuvir/
daclatasvir (FOS/DCV) in hospitalized patients with
COVID-19. A study by Sadeghi et al. (16) included 66
patients with severe disease that received either FOS/
DCV daily plus hydroxychloroquine (with or with-
out lopinavir/ritonavir; LPN/r) or hydroxychloroquine
(with or without LPN/r) for 14 days. 33% and 67% of
the patients in SOF/DCV and control group received
LPN/r (P=0.026). The primary outcome of the study
was clinical recovery within 14 days with met in 88%
and 67% of SOF/DCV and control groups respec-
tively (P=0.076); duration of hospitalization was also
significantly shorter in SOF/DCV group (P=0.041).
Clinical recovery in SOF/DCV was observed in 82%
of patients treated with LPN/r compared to 91% who
didn’t receive the combination. All-cause mortality
and need for mechanical ventilation were comparable
between the groups. (P=0.708, P=0.303 respectively).
Patients in both groups received same concomitant
corticosteroids (36% vs 24%; P=0.422).

Kasgari et al. (17) studied the effect of SOF/DCV
in 48 hospitalized patients with mild to moderate
COVID-19. 24 patients were treated with SOF/DCV
plus ribavirin and the other 24 received hydroxychlo-
roquine plus LPN/r with or without ribavirin. Time
from symptom onset to hospitalization was similar
between the groups. Median time to recovery and
duration of hospitalization was 6 days in both groups.
The overall mortality was 6%, all observed in the con-
trol group with younger patients and higher rate of
diabetes (P=0.006). Four patients in the control group
needed ICU admissions and mechanical ventilation
but the difference with SOF/DCV group was not sta-
tistically significant (P=0.109). In this study, ribavirin
was used in the intervention group and it is not known
whether there was any synergistic effect with SOF/
DCV and ribavirin concomitant use.

Another study conducted by Eslami et al. (18)
enrolled 62 patients with severe COVID-19 to receive

either SOF/DCV (35 patients) or ribavirin (27
patients) for 14 days both with single dose hydroxy-
chloroquine and LPN/r (for 5 days). Median duration
of hospital stay (5 vs 9; P<0.01), time to recovery (6
vs 11; P<0.01), ICU admissions (6 vs 13; P=0.01) and
rate of death (2 vs 9; P=0.01) were significantly differ-
ent between the groups.

These three clinical trials show that sofosbu-
vir/ daclatasvir could reduce the time to recovery in
COVID-19 patients but the efficacy of sofosbuvir
alone should also be evaluated. Also the study popula-
tion in these trials was small and larger blinded ran-
domized clinical trials are required to draw a definite
result (21). Patients with different severity of the dis-
ease were included and some concomitant treatment
also were applied.

Several other agents were examined or are under
investigation for treatment of COVID-19. During a
randomized clinical trial, lopinavir/ ritonavir did not
significantly change time to clinical improvement,
28-day mortality and viral RNA load in patients with
severe COVID-19. Median time to clinical improve-
ment was 16 days for patients who received lopinavir/
ritonavir or the standard of care. Patients who received
lopinavir/ ritonavir experienced more gastrointestinal
adverse effects. (22)

HCQ was another agent which was examined
in the treatment of mild to moderate COVID-19. In
this study, HCQ (loading dose of 1200 mg daily for
three days followed by a maintenance dose of 800 mg
daily till 2 weeks) was compared with the standard care.
HCQ showed no added benefit to the standard care for
conversion of SARS-CoV-2. Time to negative conver-
sion was 7 and 8 days in the control and HCQ group
respectively. More gastrointestinal adverse effects were
detected in the HCQ group than the control group.(23)

Although adding azithromycin to HCQ increased
the rate of viral clearance, but clinical response was not
evaluated. (24)

In data analysis of 96032 hospitalized COVID-
19 patients (a multi-center study from 6 countries),
efficacy and safety of chloroquine, chloroquine plus a
macrolid (azithromycin or clarithromycin), hydroxy-
chloroquine, hydroxychloroquine plus a macrolid and
control group were evaluated. Comparing with the
control group, all medications increased mortality and
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ventricular arrhythmia. Length of hospital stay and
rate of mechanical ventilation were also higher in the
treatment groups. No benefit was detected with chlo-
roquine, hydroxychloroquine or macrolids in hospital-
ized patients with COVID-19. (25)

In-hospital mortality and cardiac adverse effects
of hydroxychloroquine and azithromycin (alone or in
combination) were assessed in COVID-19 patients.
No statistically significant difference in mortality was
detected. Patients received HCQ plus azithromycin
experienced more cardiac arrests. (26)

Efficacy and safety of remdesivir, an inhibitor of
virus RNA polymerase, were evaluated in hospital-
ized patients with severe COVID-19. Patients who
received remdesivir (200 mg on day 1 followed by 100
mg on days 2—10) numerically (but not statistically sig-
nificant) experienced faster time to clinical improve-
ment than those who received the placebo (21 days vs
23 days). 28-day mortality and incidence of adverse
effects were comparable between the groups. (27)

Previous findings were repeated in Beigel et al
study. Time to clinical recovery in remdesivir group
was shorter compared with the placebo group (11 days
vs. 15 days). Also 14-day mortality was not different
between the groups. (28) Goldman et al did not find
any significant difference between 5-day and 10-day
remdesivir treatment course in patients with severe
COVID-109. Patients in the 10-day group had more
severe disease and a little longer time to clinical recov-
ery compared with patients in the 5-day group. This
trial didn’t include placebo group and didn’t assess the
efficacy of remdesivir. (29)

Efficacy of favipiravir (1600 mg BID day 1 and
600mg BID till day 14) as add-on therapy was com-
pared with lopinavir/ ritonavir (400/100mg for 14
days) in patients receiving IFN-a by aerosol inhalation.
Patients in favipiravir group experienced shorter time to
viral clearance (4 days vs 11 days) and more improve-
ment in chest imaging in 14 days (91.43% vs 62.22%)
compared with the lopinavir/ ritonavir group. (30)

Effectiveness of interferons in treatment of
COVID-19 has been reported. Nebulized interferon
a-2b (with or without arbidol) may help recovery from
COVID-19 by reducing load of viral inflammatory
markers. (31) Combination of interferon beta-1b, lopi-
navir/ritonavir and ribavirin in hospitalized patients

with mild to moderate disease decreased duration of
hospital stay and viral load compared to lopinavir/rito-
navir alone. (32)

Similar with other studies (33-34) hypertension
and diabetes mellitus were the most common baseline
diseases in COVID-19 patients. More patients in the
control group were receiving statins before diagnosis
of COVID-19 than in the SOF/ LDP group. Statins
are well known for their anti-inflammatory and anti-
oxidant properties. There are no RCTs to investigate
the effects of statins in COVID-19 but in some other
viral infections like HIN1 influenza (35) and Ebola
(36) statins decreased disease severity. Statins also up-
regulate ACE2 that is the tissue receptor for corona-
virus. (37, 38) It was hypothesized that higher levels
of ACE2 receptor can decrease the severity of lung
injury in COVID-19. (39) Patients with COVID-19
are susceptible to cardiovascular events and statins may
protect the patients by preventing cardiovascular dam-
age. (40)

Four patients in the SOF/LDP group received
low dose (1000 mg daily) of parenteral vitamin C.
Vitamin C has antioxidant properties but its eflicacy
in the treatment of COVID-19 has not been defined.
There is an ongoing trial to assess effects of high dose
vitamin C on mortality and length of hospital stay in
patients with COVID-19. (41)

SARS-CoV-2isin a member of nidoviridale order
and betacoronaviridae family. Four viruses in this fam-
ily are known as causes of common cold (pharyngitis,
rhinitis, sinusitis, diarrhea). SARS and MERS-CoV
are two other members that caused fatal pneumonia
outbreaks in 2003 and 2014 respectively.5-7 The sev-
enth strain of the family is SARS-CoV-2 that has the
genetic material 80% identical to SARS-CoV and 50%
identical to MERS-CoV.33 SARS-CoV-2 genome is
an enveloped, single-stranded, positive-sense RNA
with the first 2/3 of the genome translated into 16
non-structural proteins (NSPs) and the other 1/3
translated into non-structural proteins (spike, enve-
lope, nucleocapsid, membrane proteins). (42) RNA-
dependent RNA polymerase (RdRp) is one of the
most important NSPs and is a crucial viral enzyme in
the life cycle of different viruses, including the hepati-
tis C virus (HCV), the Zika virus (ZIKV), and coro-
naviruses (CoVs). (43-45)
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Sofosbuvir is a direct-acting antiviral with NS5B-
RdRp inhibitory property. (46) In 2014, the combina-
tion of SOF/LSD (a NS5A protein inhibitor) received
US FDA approval for the treatment of genotype 1
HCYV patients. HCV NS5B-RdRp requires nucleotide
triphosphates as substrate to synthesize RNA, a pro-
cess with no proofreading function. Sofosbuvir acts like
the substrate of the enzyme which terminates the RNA
synthesis by incorporating into the RNA chain. (47)

The two-phase immune response i.e. viral and
cytokine release happens in COVID-19. Treatment
strategies for COVID-19 are categorized into inhi-
bition of CoV fusion/entry, disruption of CoV rep-
lication and suppression of excessive inflammatory
response.5 If patient enters the cytokine release state
then the antiviral medications do not seem to help
resolving the disease. Regarding the phase of the dis-
ease and the pathway targeted for treatment, distinct
approaches are helpful.

There are in silico studies which assessed the
potential activity of sofosbuvir against coronavirus
RdRp. Sofosbuvir successfully bonds with the corona-
virus polymerase.13In two studies published in 2020,
sofosbuvir inhibited coronavirus replication by fitting
into enzyme active site.(14-15) Ledipasvir has ability
to attach to main protease enzymes of the novel coro-
navirus and in combination with sofosbuvir, it may be
a candidate for the treatment of COVID-19. (10)

There is no data about the 50% of maximum
inhibitory concentration (IC 50) of sofosbuvir for
coronavirus. However, different values of IC were
reported for hepatitis C, hepatitis E, hepatitis A,
ZIKA, Dengue and West Nile virus. For HCV it was
detected between 0.016— 1.2 pM. (48, 49) According
to the replicons, sofosbuvir inhibited HEV replication
with IC 50 between 1.2-10 pM.46 Dose-dependent
activity of sofosbuvir against HEV has also been
reported. (51, 52)

In-vitro activity (IC 50 of 6.3p) of sofosbuvir
against hepatitis A virus was detected. (53) The IC 50
of 0.38-44puM was reported for 3 strains of Zika virus.
(54-57) In term of West Nile virus (WNV), the IC 50
values of sofosbuvir were 1.2uM and 63.4pM in liver
and lung cells respectively. (58) Compared with hepatic
cells, concentrations of sofosbuvir were much lower in
kidney and lung cells. It could be due to sofosbuvir

being less activated in these cells. (47) Other studies
on different cell lines are needed to evaluate the activ-
ity of sofosbuvir in tissues other than hepatic cells.

Data regarding effectiveness of antivirals against
SARS-CoV2 are scarce. It seems that if antiviral
medications are considered, they should be initiated as
soon as possible in early stage of the infection, when
the damage to lung tissues has not extended. When
the inflammatory process starts and cytokine storm
takes place, no benefit is expected to be seen with anti-
viral drugs. Sofosbuvir is an available drug in many
countries and can play a role in the treatment of mild
to moderate COVID-19. However, clinical trials with
larger sample sizes are needed to confirm efficacy of
sofosbuvir in treatment of COVID-19.

Due to the special circumstances and multiplicity
of the clinical trials, we could not enroll more patients
in our study to draw a definite conclusion. Also con-
sidering follow-up RT-PCR and chest imaging were
not possible.

Conclusion

To the best of our knowledge, this was the first
study that evaluated efficacy and safety of SOF/LDP in
the treatment of mild to moderate COVID-19. Added
to the standard of care, SOF/LDP accelerated time to
the clinical response. However, rate of clinical response,
duration of hospital or ICU stay and 14-day mortality
were not different. No signiﬁcant adverse event was
detected. More randomized clinical trials with larger
sample sizes are needed to confirm eflicacy and safety

of SOF/LDP in the treatment of COVID-19.
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