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Background and study aims: Currently, there is no therapy approved for COVID-19. We evaluated the effi-
cacy and safety of sofosbuvir/ledipasvir and nitazoxanide for the treatment of patients with COVID-19
infection.
Patients and methods: A multicenter, open-label randomized controlled trial included one hundred and
ninety patients with non-severe COVID-19 infection. Patients were randomized into three groups. All
groups received standard care treatment (SCT). In addition, group 1 received sofosbuvir/ledipasvir, and
group 2 received nitazoxanide. Follow-up by reverse-transcriptase polymerase chain reaction (RT-PCR)
was done at intervals of 5, 8, 11, and 14 days. The primary endpoint was viral clearance.
Results: Viral clearance was significantly higher in the sofosbuvir/ledipasvir and nitazoxanide groups
compared to the SCT group in all follow-up intervals (p < 0.001). In the sofosbuvir/ledipasvir arm,
36.9% showed early viral clearance by day 5. By day 14, 83.1% of the sofosbuvir/ledipasvir group, 39.7%
of the nitazoxanide group, and 19.4% of the SCT group tested negative for SARS-CoV-2. Sofosbuvir/ledi-
pasvir and nitazoxanide treatment were the only significant factors in Cox regression of negative RT-
PCR with the highest OR (17.88, 95% CI: 6.66–47.98 and 2.59, 95% CI: 1.11–6.07, respectively). No mor-
tality or serious adverse events were recorded.
Conclusion: The addition of sofosbuvir/ledipasvir or nitazoxanide to the SCT results in an early and high
viral clearance rate in mild and moderate patients with COVID-19. These drugs represent a safe and
affordable treatment for COVID-19.

� 2022 Pan-Arab Association of Gastroenterology. Published by Elsevier B.V. All rights reserved.
Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
or Coronavirus disease of 2019 (COVID-19) is a novel coronavirus
that belongs to the same family of SARS-CoV as Middle East respi-
ratory syndrome coronavirus (MERS-CoV) [1]. SARS-CoV-2 mainly
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infects the respiratory system and is transmitted via respiratory
droplets through close contact [2]. In early January 2020, it was
identified as the cause of an epidemic of pneumonia in the Chinese
city of Wuhan, which led to a subsequent global pandemic [2].

To date, there is no specific effective antiviral treatment for
COVID-19. In most cases, the disease has a mild or moderate
course, although up to 5%–10% of the patients develop a severe,
potentially life-threatening disease. A global effort is being made
to find an effective treatment against COVID-19. These efforts
include trying lopinavir (LPV)/ritonavir (RTV), interferon (IFN) b-
1a, hydroxychloroquine/chloroquine [3], and ivermectin [4], which
have not proven to be successful.

Coronaviruses are large, positive-sense RNA viruses, including
alpha, beta, delta, and gamma genera [5]. The coronavirus replica-
tion machinery is a large multi-subunit complex [6]. The most
highly conserved protein in all known RNA viruses is the viral
monomeric RNA-dependent RNA-polymerase (RdRp). There [6]
are now several drugs, such as favipiravir (FVP) [7] and remdesivir
[8], which bind to the RdRp active site and have been approved to
treat other RNA viral diseases.

The available data about SARS-CoV-2 shows a viral genome
replication similar to that of the hepatitis C virus (HCV) [9]. The
virus enters the cell by endocytosis, is uncoated, and open reading
frames 1a and 1b (ORF1a and ORF1b) of the positive-strand RNA is
translated to produce nonstructural proteins, including cysteine
and serine proteases, helicase, and RdRp. Recent data suggest that
HCV direct-acting antiviral drugs (DAAs), which are used in HCV
management, might be effective against the SARS-CoV-2 virus
through RdRp targeting [10,11].

Sofosbuvir is a HCV-DAA with NS5B RdRp inhibitory activity. It
has been used in combination with several NS5A protein inhibitors,
such as daclatasvir or ledipasvir, with high efficacy for HCV treat-
ment [12]. The introduction of DAAs was considered a milestone
in HCV eradication in Egypt, with a sustained virological response
rate of almost 100%, using certain DAA combinations [13].

Molecular docking was performed to test several HCV-DAAs,
including sofosbuvir, against SARS-CoV-2 RdRp, and the results
were promising. Therefore, DAAs might have inhibitory activity
against the newly emerged coronavirus [14].

Nitazoxanide, a drug developed initially as an antiprotozoal
agent, has a broad-spectrum antiviral activity and can inhibit the
replication of a wide range of RNA and DNA viruses in cell-
culture assays. It exhibits in vitro activity against MERS-CoV and
several coronaviruses [15]. In humans, a Phase IIb/III clinical trial
found that oral administration of nitazoxanide reduced the dura-
tion of clinical symptoms and viral shedding compared to placebo
in individuals with influenza [16].

Currently, sufficient data are not available on the efficacy of
DAAs or nitazoxanide in treating patients with COVID-19 infection.
Therefore, we aimed to evaluate the efficacy and safety of sofosbu-
vir/ledipasvir and nitazoxanide to treat COVID-19 infection. Both
drugs are inexpensive and available throughout the world.
Patients and methods

All patients in this multicenter open-label randomized con-
trolled trial were COVID-19 positive. COVID-19 diagnosis was
based on positive reverse-transcriptase polymerase chain reaction
(RT-PCR) testing for SARS-CoV-2 on nasopharyngeal swabs.
Patients either attended, 1–2 days after diagnosis, to the outpatient
clinic or were admitted to the quarantine hospitals of Helwan
University Hospital, Al-Rajhy Liver University Hospital, and Tanta
University Hospital, Egypt. Patients were included between July
2020 and October 2021 and were assigned randomly according
to a randomization number generated by an independent statisti-
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cian and provided in pre-sealed envelopes. Recruited patients
received a fixed combination of sofosbuvir/ledipasvir (400 mg
and 90 mg, orally) once a day for 14 days plus the standard care
treatment (SCT) for patients with COVID-19 according to the Min-
istry of Health protocol (Group 1), nitazoxanide (500 mg, orally)
four times per day for 14 days plus the SCT (Group 2), or SCT alone
(Group 3) for 14 days. The treatment was started in groups 1 and 2
less than one week from the onset of symptoms. Nitazoxanide was
used in a dose of 500 mg q.i.d. This dose assured the drug present
in the plasma and lung, above the in vitro EC90 for most of the
treatment period [17].

The SCT was given according to a standardized protocol issued
by the Egyptian Supreme Council of University Hospitals and is
composed of azithromycin for three days and vitamin C and zinc
supplements for 14 days. Hydroxychloroquine was given to some
patients who accepted to receive it. Oxygen therapy was used if
SpO2 is <92. Patients were indicated for steroids therapy and pro-
phylactic anticoagulants once they required oxygen therapy
according to the Egyptian protocol for COVID-19 management.
The included patients were older than 18 years old, with a crea-
tinine clearance of >30 mL/ml and without any malignancy. Cases
with non-severe COVID-19 infection, according to WHO cases def-
inition, were included [18]. Non-severe COVID-19 cases are defined
by the absence of criteria for acute respiratory distress syndrome
(ARDS), sepsis, septic shock, or other conditions requiring life-
sustaining therapies such as mechanical ventilation (invasive or
non-invasive) or vasopressor therapy. All included patients had
oxygen saturation >90% on room air and did not have signs of
pneumonia nor signs of severe respiratory distress [19].

Patients with severe or critical COVID-19 infection with signs of
ARDS, sepsis, septic shock, and patients required invasive or non-
invasive mechanical ventilation were excluded from the study.
ARDS is diagnosed when the PaO2/FiO2 ratio is < 200 [20]. Sepsis
was considered when organ dysfunction developed as a result to
dysregulated response to COVID-19 infection. Septic shock was
diagnosed if patients with sepsis developed circulatory, cellular,
and metabolic abnormalities, and presented as fluid-refractory
hypotension requiring vasopressor therapy with associated tissue
hypoperfusion (lactate > 2 mmol/L) [21]. According to the Egyptian
protocol for COVID-19 management, non-invasive mechanical ven-
tilation (NIV) is indicated for conscious patients with minimal
secretions, with hypoxia SpO2 < 90% on oxygen or PaCO2 >40
mmHg provided pH 7.3 and above. Invasive mechanical ventilation
is indicated in cases with failed NIV or not available or not practi-
cal, HACOR (heart rate, acidosis, consciousness, oxygenation, and
respiratory rate) score > 6, PaO2 < 60 mmHg despite oxygen sup-
plementation, progressive hypercapnia. respiratory acidosis (PH
<7.30), progressive or refractory septic shock, disturbed conscious-
ness level (GCS �8), or deterioration in consciousness level from
baseline. Exclusion criteria also included pregnancy, renal impair-
ment with a creatinine clearance of <30 mL/min, evidence of
malignancies, and use of FVP or LPV/RTV therapy. Clinical data
were recorded using the WHO COVID-19 case record form
(https://www.who.int › docs › default-source › coronavirus › who-
ncov-crf).

Our primary endpoint was to confirm viral clearance. After
treatment initiation, the viral response was checked by RT-PCR
testing of oropharyngeal swabs obtained at days 5, 8, 11, and 14.
After having a negative RT-PCR, another confirmatory RT-PCR test
was done to confirm the result, unless the patient refused. Quanti-
tative PCR was not available in our centers. Baseline laboratory
assessment was done by complete blood count, liver function tests,
prothrombin time, international normalized ratio (INR), activated
partial thromboplastin time, urea, creatinine, serum glucose level,
erythrocytic sedimentation rate (ESR), C-reactive protein (CRP),
lactate dehydrogenase (LDH), ferritin, and D-dimer. Radiological
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assessment by chest CT was also done at baseline. The study’s sec-
ondary endpoints were the mortality, requirement for admission to
the intensive care unit (ICU), or development of serious adverse
events. Written informed consent was obtained from all patients.
Randomization and masking

The participants were assigned randomly according to a ran-
domization number generated by an independent statistician and
provided in pre-sealed envelopes. Individuals involved in random-
ization and masking had no involvement in the rest of the trial.
Ethical considerations

The trial was conducted in accordance with the principles of the
Declaration of Helsinki. Ethical approvals were obtained from the
relevant ethics committees in the participating hospitals. Before
conduction, this study was registered on the clinicaltrials.gov web-
site, with registration number NCT04498936.
Statistical analysis

Data were collected and analyzed using Statistical Package for
Social Science program for statistical analysis (version 13; Inc., Chi-
cago. IL). The means, standard deviations, frequencies, and per-
centages were used as appropriate. Chi-square was used to
measure the association between qualitative variables. One-way
analysis of variance test was used to compare the three groups
having normally distributed quantitative data, whereas the
Kruskal-Wallis test was used when these data were not normally
distributed. Kaplan-Meier survival analysis was utilized to explore
the duration needed to get an RT-PCR negative event. If the patient
had two consecutive negative RT-PCR, the time to event was con-
sidered the date of the first one. The Fisher exact test was then
done to compare the three groups at each point of time. The Cox
regression model gave an adjusted hazard ratio (odds ratio (OR))
and 95% confidence interval of the effect of the different risk fac-
tors for survival. A p-value of <0.05 was considered statistically
significant.
Role of the funding source

The sponsor of this study had no role in study design, data col-
lection, data analysis, data interpretation, or writing of the report.
All authors had full access to all the data in the study, and the cor-
responding author had final responsibility for the decision to sub-
mit for publication.
Table 1
Patient baseline demographics.

The studied variables SOF/LED + SCT
N = 70
n (%)

Age (mean ± SD) 45.04 ± 8.14
Gender
Female 38 (54.3)
Male 32 (45.7)
Comorbidities:
Hypertension 12 (17.1)
Diabetes Mellitus 12 (17.1)

SOF/LED, sofosbuvir/ledipasvir; NTZ, nitazoxanide; SCT, standard care treatment.
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Results

The study included one hundred and ninety patients in the
three groups. Group 1 included 70 patients who received sofosbu-
vir/ledipasvir with SCT; Group 2 included 77 patients who received
nitazoxanide with SCT; Group 3 included 73 patients who received
SCT alone. As shown in Table 1, there was no significant difference
in the baseline demographic characteristics of the three groups
except for gender (p = 0.035). More than half were females in
Group 1 (54.3 %) and Group II (64.9%), whereas males predomi-
nated in Group 3. The common comorbidities were hypertension
and diabetes mellitus, with the highest frequency in Group III,
but without significant difference (p = 0.471 and 0.445, respec-
tively). Other comorbidities, such as obstructive lung disease,
chronic liver or kidney diseases, and rheumatic heart disease, were
of lower frequency (n = 9).

The comparison between the studied groups regarding symp-
toms and signs is shown in Table 2. No significant differences were
found among groups regarding fever, heart rate, respiratory rate,
blood pressure, and oxygen saturation, as shown in Table 2. Oxy-
gen therapy, steroids, and anticoagulants were used more fre-
quently in Group 3, followed by Groups 2 then group 1, without
statistical difference. Supportive treatment modality types
received by the patients of each group is shown in Table 3. The
baseline laboratory data are summarized in Table 4. Lymphocyte
percentages were significantly lower in Group 2 (p = 0.049), while
direct bilirubin was significantly lower in Group 1 (p = 0.013). Lab-
oratory markers of infection, such as CRP, LDH, ferritin, and D-
dimer, were not statistically different among all groups.

The cumulative incidence of negative RT-PCR following treat-
ment, analyzed by the intention to treat method, reveals an overall
significant difference among all groups at each follow-up interval
(p < 0.001) (Fig. 1). The highest percentage of negative RT-PCR at
each follow-up was observed with group 1 (sofosbuvir/ledipasvir
therapy), then group 2 (nitazoxanide), followed by group 3 (SCT).
In group 1, 42.9% of the patients tested negative on day 5. By the
end of the follow-up, at day 14, 85.7% of the patients who received
sofosbuvir/ledipasvir, 35.1% of group 2, and 16.4% of group 3 tested
negative by RT-PCR (Fig. 1). Similarly, the log-rank curve of the
cumulative time to viral clearance (Fig. 2) shows that sofosbuvir/
ledipasvir had a significantly higher treatment value compared
with nitazoxanide and SCT (p < 0.001). The pairwise log-rank curve
for the cumulative incidence of negative RT-PCR showed that
sofosbuvir/ledipasvir is significantly higher than nitazoxanide
(p < 0.001) and SCT (p < 0.001) and that nitazoxanide is signifi-
cantly higher than SCT (p = 0.01). Nitazoxanide also had a higher
curative rate than SCT (p = 0.01) (Fig. 2). The Breslow test com-
pared the survival rates among the three groups, which was statis-
tically significant (p < 0.001). Accordingly, sofosbuvir/ledipasvir
therapy resulted in significantly earlier and higher rates of viral
clearance than both nitazoxanide and SCT.
NTZ + SCT
N = 77
n (%)

SCT
N = 73
n (%)

p-value

44.32 ± 8.43 45.34 ± 5.59 0.695

50 (64.9) 32 (43.8) 0.035
27 (35.1) 41 (56.2)

14 (18.2) 18 (24.7) 0.471
12 (15.6) 17 (23.3) 0.445

http://clinicaltrials.gov


Table 2
Clinical manifestations among the studied groups.

The studied variables SOF/LED + SCT
(N = 70)
n (%)

NTZ + SCT
(N = 77)
n (%)

SCT
(N = 73)
n (%)

p-value

Symptoms:
Fever 55 (78.6) 53 (68.8) 46 (63) 0.123
Dry Cough 41 (58.6) 44 (57.1) 44 (60.3) 0.927
Sputum 15 (21.4) 8 (10.4) 8 (11) 0.101
Hemoptysis 3 (4.3) 3 (3.9) 0 (0.0) 0.214
Sore Throat 29 (41.4) 35 (45.5) 32 (43.8) 0.885
Runny Nose 6 (8.6) 9 (11.7) 7 (9.6) 0.812
Anosmia 24 (34.3) 25 (32.5) 25 (34.2) 0.964
Ageusia 25 (35.7) 26 (33.8) 27 (37) 0.917
Wheezing 3 (4.3) 8 (10.4) 8 (11) 0.29
Dyspnea 19 (27.1) 15 (19.5) 20 (27.4) 0.44
Chest Pain 22 (31.4) 24 (31.2) 35 (47.9) 0.055
Muscle Pain 25 (35.7) 30 (39) 24 (32.9) 0.739
Joint Pain 26 (37.1) 26 (33.8) 21 (28.8) 0.563
Fatigue 45 (64.3) 48 (62.3) 41 (56.2) 0.579
Headache 31 (44.3) 48 (62.3) 40 (54.8) 0.089
Sweating 18 (25.7) 6 (7.8) 6 (8.2) 0.002
Abdominal Pain 6 (8.6) 12 (15.6) 8 ((11) 0.405
Nausea 5 (7.1) 8 (10.4) 12 (16.4) 0.204
Vomiting 6 (8.6) 8 (10.4) 9 (12.3) 0.764
Diarrhea 16 (22.9) 12 (15.6) 5 (6.8) 0.027
Signs: (mean ± SD)
Temperature 37.49 ± 0.72 37.29 ± 0.585 37.5 ± 0.772 0.08
Heart Rate 90.8 ± 12.76 92.58 ± 6.43 92.14 ± 6.79 0.467
Respiratory Rate 21.47 ± 1.64 22.01 ± 2.39 22.05 ± 2.74 0.245
Systolic Blood Pressure 116.93 ± 16.14 119.74 ± 11.27 122.4 ± 13.47 0.06
Diastolic Blood Pressure 76.07 ± 10.35 74.16 ± 7.41 75.62 ± 8.29 0.377
O2 Saturation 93.33 ± 1.65 93.61 ± 2.36 92.87 ± 1.93 0.083

SOF/LED, sofosbuvir/ledipasvir; NTZ, nitazoxanide; SCT, standard care treatment.

Table 3
Supportive treatment modality types received by the patients of each group.

Treatment SOF/LED + SCT
(N = 70)
n (%)

NTZ + SCT
(N = 77)
n (%)

SCT
(N = 73)
n (%)

p-value

Hydroxychloroquine 5 (7.1) 4 (5.2) 7 (9.6) 0.584
Oxygen Therapy 12 (17.1) 17 (22.1) 20 (27.4) 0.337
Steroids 32 (45.7) 28 (36.4) 38 (52.1) 0.15
Anticoagulants 29 (44.6) 33 (42.9) 39 (53.4) 0.284

SOF/LED, sofosbuvir/ledipasvir; NTZ, nitazoxanide; SCT, standard care treatment.
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The Cox regression analysis (Table 5) shows that sofosbuvir/
ledipasvir and nitazoxanide were the only significant factors with
the highest HR (11.137, 95% CI: 5.928–20923, and 2.248 % CI:
1.133 – 4.461, respectively). No mortality or progression to severe
COVID-19 or ICU admission was recorded in any included patients.
A mild gastric upset was recorded as an adverse effect in four
patients in the sofosbuvir/ledipasvir and ten patients in the nita-
zoxanide group, whereas headaches occurred in two patients
sofosbuvir/ledipasvir group.

Discussion

Several antiviral drugs are under evaluation for the treatment of
COVID-19 infection. The SARS-CoV-2 replication and transcription
cycle depends on several essential enzymes, notably RdRp, main
protease (Mpro), and helicase. Sofosbuvir and remdesivir have
chemical similarities, including the molecular weight and pre-
dicted COVID-19 RdRp binding strength; however, sofosbuvir is
better absorbed orally [22]. The efficacy of remdesivir was tested
in randomized trials, but the results are contradictory [23,24].
SARS-CoV-2 has an exonuclease-based proofreader to maintain
viral genome integrity. Any antiviral drug targeting SARS-CoV-2
RdRp must display a certain resistance level to this proofreading
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activity. Sofosbuvir terminated RNA resists removal by the exonu-
clease to a substantially higher level than RNA terminated by
remdesivir [25].

Our study indicates a positive effect of sofosbuvir/ledipasvir as a
treatment for COVID-19. Approximately 85.7% of patients who
received sofosbuvir/ledipasvir tested negative by the end of the
study (day 14). The cumulative time to negative RT-PCR was signif-
icantly shorter in the sofosbuvir/ledipasvir group than in SCT
(p < 0.001). No mortality or need for ICU admission was recorded
in our cohort. Our study corroborates a smaller study that reported
that the addition of sofosbuvir/ledipasvir to SCT accelerated clini-
cal response [26].

Daclatasvir is an NS5A protein inhibitor, similar to ledipasvir,
and is used in combination with sofosbuvir with high efficacy in
HCV management. Recently, the Roozheh et al. study on sofosbu-
vir/daclatasvir in mild cases of COVID-19 reported no significant
alleviation of symptoms after seven days of therapy compared
with the control. Fewer hospitalizations were observed in the
sofosbuvir/daclatasvir group but without statistical significance
[27].

Sofosbuvir/daclatasvir treatment of patients with severe
COVID-19 was reported to significantly lower hospitalization time,
time in ICU, and mortality rate compared with ribavirin treatment



Table 4
Baseline laboratory data of the studied groups.

Studied variables SOF/LED + SCT
(Mean ± SD)

NTZ + SCT
(Mean ± SD)

SCT
(Mean ± SD)

p-value

Hb (g/dl) 13.01 ± 1.6 12.48 ± 3.17 11.93 ± 4.3 0.136
HCT % 32.32 ± 16.95 37.1 ± 9.23 35.39 ± 12.35 0.086
PLT (�1000/mm3) 234.03 ± 65.23 224.77 ± 83.66 212.26 ± 100.75 0.305
WBCs (�1000/mm3) 6.73 ± 2.89 7.34 ± 3.29 6.57 ± 3.21 0.284
Lymphocytes % 28.94 ± 12.15 23.96 ± 12.11 26.85 ± 12.63 0.049
Neutrophils % 66.17 ± 12.83 64.73 ± 20.02 59.19 ± 24.09 0.08
Total Bilirubin (mg/dl) 0.55 ± 0.34 0.62 ± 0.17 0.63 ± 0.33 0.207
Direct bilirubin (mg/dl) 0.15 ± 0.11 0.18 ± 0.78 0.2 ± 0.13 0.013
Albumin (g/dl) 3.89 ± 1.44 3.88 ± 0.35 3.56 ± 1.2 0.12
AST (IU/L) 24.94 ± 12.61 32.43 ± 25.61 32.64 ± 27.04 0.077
ALT (IU/L) 30.64 ± 20.5 32.94 ± 23.84 28.30 ± 22.14 0.445
ALP (IU/L) 78.16 ± 44.51 71.43 ± 29.99 75.93 ± 26.83 0.48
Prothrombin Time 13.42 ± 4.55 14.06 ± 3.15 14.75 ± 1.87 0.062
Prothrombin Concentration 85.04 ± 24.49 84.69 ± 12.88 81.78 ± 11.26 0.449
INR 1.15 ± 0.33 1.14 ± 0.15 1.2 ± 0.12 0.238
APTT 34.36 ± 17.68 29.41 ± 9.43 30.95 ± 8.84 0.053
Urea (mg/dl) 26.57 ± 13.18 34.1 ± 22.89 33.9 ± 29.29 0.083
Creatinine (mg/dl) 0.79 ± 0.27 0.99 ± 0.45 1.02 ± 1.21 0.125
Glucose (mg/dl) 115.81 ± 57.21 107.66 ± 25.61 111.47 ± 29.60 0.46
ESR 27.67 ± 21.79 25.05 ± 21.5 29.64 ± 21.34 0.425
CRP (mg/l) 33.41 ± 55.35 45.54 ± 74.87 47.66 ± 53.29 0.339
LDH (U/l) 284.41 ± 148.49 290.17 ± 157.67 308.11 ± 174.45 0.653
Ferritin (ng/ml) 418.63 ± 335.08 450.49 ± 427.6 414.92 ± 396.81 0.828
D-dimer (ng/ml) 778.47 ± 664.7 788.74 ± 837.37 878.15 ± 782.68 0.69

ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; APTT: Activated partial thromboplastin time; AST: Aspartate aminotransferase; CRP: C-reactive protein; ESR:
Erythrocytic sedimentation rate; Hb: Hemoglobin; HCT: Hematocrit; INR: International normalized ratio; LDH; Lactate dehydrogenase; NTZ, nitazoxanide; PLT: Platelets; SCT,
standard care treatment;SOF/LED, sofosbuvir/ledipasvir; WBCs: White blood cells.

Fig. 1. Cumulative incidence of negative RT-PCR test at each time point after treatment initiation.
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[28]. Likewise, Sadegh et al. concluded that the addition of sofosbu-
vir and daclatasvir to SCT for 14 days in moderate or severe cases of
COVID-19 significantly reduced the duration of hospital stay,
resulting in a lower mortality rate compared with SCT alone [29].

In the current study, we also evaluated the efficacy of nitazox-
anide in the treatment of COVID-19. Negative RT-PCR was
observed in 36.4% of the nitazoxanide group compared with
16.4% of the SCT group (p = 0.01). The broad-spectrum antiviral
activity of tizoxanide, the active metabolite of nitazoxanide, is
attributed to interference with host-regulated pathways involved
in viral replication rather than a virus-targeted mechanism. These
pathways might include IFN or mammalian target of rapamycin
complex 1 (mTORC1) signaling [30,31]. Nitazoxanide also upregu-
lates host defense mechanisms that viruses target to bypass host
cellular defenses [15]. In addition, nitazoxanide inhibits the pro-
169
duction of cytokines, such as tumor necrosis factor (TNF)-a and
interleukin (IL)-2, IL-4, I-5, IL-6, IL-8, and IL-10 in peripheral blood
mononuclear cells [15].

Similar to the current study, Rocco et al. evaluated nitazoxanide
in patients with mild COVID-19, finding that symptom resolution
did not differ between nitazoxanide administered as 500 mg three
times a day and the placebo group after five days of therapy. How-
ever, early nitazoxanide therapy was safe and reduced the viral
load significantly. Swabs collected were negative in 29.9% of the
patients in the nitazoxanide arm versus 18.2% in the placebo arm
(p = 0.009) [32]. Another study showed that early usage of nitazox-
anide in combination with ribavirin, ivermectin, and zinc supple-
ments was associated with a significantly shorter duration for
SARS-COV2 clearance from the nasopharynx than symptomatic
therapy [33].



Fig. 2. Log-rank curve of the cumulative time to negative RT-PCR in all groups.

Table 5
Cox regression analysis of viral clearance (negative RT-PCR test).

Variables p-value HR (95 % CI)

Sofosbuvir/ledipasvir < 0.001 11.137 (5.928–20.923)
Nitazoxanide 0.021 2.248 (1.133–4.461)
Sex 0.593 0.897 (0.602–1.337)
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Antiviral therapy for COVID-19 infection shows variable viral
clearance results among different drugs. A double-blinded ran-
domized controlled trial (RCT) revealed no superiority of Remed-
sivir over placebo in time to clinical recovery, 28-day mortality,
or viral clearance [20]. In the efficacy of the LPV/RTV and arbidol
against novel coronavirus infection (ELACOI) trial with a single-
blinded RCT, including 44 patients with mild-to-moderate
COVID-19, no differences in the time to negative RT-PCR test
among the LPV/RTV, umifenovir, and control groups (8.5, 7, and
4 days, respectively) were reported [34].

The rate of RT-PCR negative conversion in hospitalized patients
with COVID-19 who received LPV/RTV was similar to those who
received the SCT at different time points [35]. Although the use
of FVP in SARS-CoV-2 infected patients was associated with signif-
icant clinical and radiological improvement, it was not superior to
the SCT regarding viral clearance [36]. However, in a multicenter
randomized Phase II/III clinical trial, FVP enabled SARS-CoV-2 viral
clearance was observed in 62.5% of patients within four days ver-
sus 30% in the SCT group [37]. However, the combined use of
FVP with inhaled IFN-a showed viral clearance at a significantly
shorter duration when compared with combined LPV/RTV and
inhaled IFN-a (4 days vs. 11 days) [38]. In a recently published
study, adding sofosbuvir/daclatasvir to the SCT for COVID-19 was
associated with faster PCR negativity and shorter hospital stay
[39]. Molnupiravir is an antiviral drug which was initially used as
a possible treatment of influenza viruses and viral encephalitis
caused by alphaviruses like Venezuelan, Eastern and Western
equine encephalitic viruses [40,41]. Some in vitro and in vivo stud-
ies showed ability of molnupiravir to inhibit replication, reduce the
viral load of SARS-CoV-2 virus, in addition to improvement the pul-
monary function [42,43]. A recently published systematic review
about the use molnupiravir in COVID-19 showed that it is benefi-
cial in reducing hospitalization or death in mild COVID-19, but
its role in moderate to severe COVID-19 is debatable [44]. A novel
170
SARS-COV-2 protease inhibitor (PAXLOVIDTM) produced by Pfizer
Inc. showed that it can lead to a 89% reduction in COVID-19-
related hospitalization or death compared to placebo [45].

In the current study, sofosbuvir/ledipasvir resulted in earlier
viral clearance than nitazoxanide and SCT. Importantly, this could
shorten the duration of infectivity and the risk of viral transmission
from infected patients, reducing the rapid viral spread observed in
this pandemic.

Although there is a significant difference among the groups
regarding gender, this factor had no significant impact on the viral
clearance in the Cox regression analysis. Notably, both drugs in the
regression analysis were the only significant factors affecting the
viral clearance, and sofosbuvir/ledipasvir had much higher odds
of obtaining viral clearance than nitazoxanide. This could result
from the targeting of two viral proteins by the combination of
sofosbuvir/ledipasvir, thus enhancing its antiviral activity and
reducing the ability of the virus to develop resistance.

Reporting the clinical improvement as a marker for treatment
efficacy might not be accurate because non-severe cases of
COVID-19 have good clinical outcomes and recovery, even when
using SCT regimens alone. Our primary endpoint was viral clear-
ance by serial RT-PCR testing on nasopharyngeal swabs. Our pri-
mary endpoint enabled us to conclude that sofosbuvir/ledipasvir
resulted in faster COVID-19 virus elimination. However, the small
sample size of this study is a limitation that should be stated. Fur-
ther multicenter studies are needed to evaluate the efficiency of
sofosbuvir/ledipasvir and nitazoxanide to treat severe COVID-19
cases. Also, comparing the efficacy of different types of
sofosbuvir-based DAAs therapy, such as sofosbuvir/daclatasvir, in
the management of COVID-19 is recommended.

In conclusion, the addition of sofosbuvir/ledipasvir or nitazox-
anide (to a lesser extent) to SCT results in an earlier and higher
viral clearance rate in mild and moderate COVID-19 compared
with SCT alone. Sofosbuvir/ledipasvir shows the highest efficacy
in promoting viral clearance. These drugs are well tolerated for
the duration of therapy. Thus, they represent a promising, safe,
and affordable treatment in the management of COVID-19.
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