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The dual role of anti-viral therapy
in the treatment of Coronavirus disease 2019
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Abstract. - OBJECTIVE: Coronavirus disease
2019 (COVID-19) has become a worldwide public
health emergency; unfortunately, there is cur-
rently no treatment for improving outcomes or
reducing viral-clearance times in infected pa-
tients. The aim of the present study was to eval-
uate the efficacy of interferon (IFN) with or with-
out lopinavir and ritonavir as antiviral therapeu-
tic option for treating COVID-19 infection.

PATIENTS AND METHODS: The present
study enrolled 148 patients that received either
standard care, treatment with IFN alfa-2b, or IFN
alfa-2b combined with lopinavir plus ritonavir.
Viral testing was performed using Reverse-Tran-
scription Polymerase Chain Reaction (RT-PCR).

RESULTS: There was no significant differ-
ence in the viral-clearance time at 28 days after
treatment between patients receiving standard
care and those receiving anti-viral treatments.
However, the average viral-clearance time of
patients receiving standard care (14 days) was
shorter than that for patients receiving IFN al-
fa-2b or IFN alfa-2b combined with lopinavir plus
ritonavir (15.5 or 17.5 days) (p<0.05). Patients
treated with IFN alfa-2b within five days or IFN
alfa-2b combined with lopinavir plus ritonavir
after three days of symptoms exhibited short-
er viral-clearance times than the other groups
(p<0.05). Moreover, viral-clearance times were
significantly longer in patients receiving stan-
dard care or anti-viral treatment 5 days after
symptoms appeared than those of patients who
received these treatments within five days of
symptom onset (p<0.05).

CONCLUSIONS: Early symptomatic treatment
is most critical for maximizing amelioration of
COVID-19 infection. Anti-viral treatment might
have complicated effect on viral-clearance.

Key Words:
Coronavirus disease 2019, Early treatment, Viral
clearance, Antiviral treatment, Standard care.

Introduction

The global pandemic of novel coronavirus dis-
ease 2019 (COVID-19) is caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) and began in December 2019 in Wuhan,
China'3. SARS-CoV-2 has since spread to >200
countries and resulted in >821,000 deaths®*. Clin-
ical symptoms are consistent with respiratory
infections, with severities ranging from a mild
illness resembling the common cold to severe vi-
ral pneumonia leading to a potentially fatal acute
respiratory distress syndrome’.

According to genetic analysis, SARS-CoV-2
is similar to SARS-CoV and Middle East re-
spiratory syndrome coronavirus (MERS-CoV).
Diagnosing COVID-19 requires analysis of
SARS-CoV-2 RNA via Reverse-Transcription
Polymerase Chain Reaction (RT-PCR) or genetic
sequencing of respiratory or blood specimens. All
tests in China are performed according to the lat-
est guidelines for the Diagnosis and Treatment of
Pneumonitis Caused by 2019-nCoV (trial seventh
version) published by the Chinese government
and World Health Organization*®. Additional-
ly, vascular enlargement and interlobular septal
thickening are defined as common computed to-
mographic features of COVID-19%7.
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There are currently >300 active clinical treat-
ment trials underway; however, there is no evi-
dence from randomized clinical trials that any
treatment improves outcomes in patients with
either suspected or confirmed COVID-19, in-
cluding treatment with remdesivir, lopinavir-ri-
tonavir, or other antiviral therapies®'°. Chinese
guidelines list interferons (IFNs) as an alternative
treatment for this combination therapy. In vitro,
IFNs are partially effective against coronavirus-
es'!, with previous studies detecting that early
IFN-I administration effectively inhibits viral
replication and produces positive outcomes in
infected mice'>"3. However, treatment of MERS
with ribavirin or lopinavir/ritonavir in combina-
tion with IFNs have yielded no discernible effects
on clinical outcomes or viral clearance*'*. Fur-
thermore, no animal studies or human trials have
been performed to assess IFN efficacy in treating
COVID-19 infection, and it remains uncertain
whether these treatments confer protection for
patients already receiving these drugs for other
conditions'>¢,

In the present study, we conducted a retro-
spective analysis to elucidate the effects of stan-
dard care and antiviral therapy on viral clearance
and patient outcomes in a cohort of hospitalized
COVID-19 patients.

Patients and Methods

Patients

The severity of COVID-19 infection was de-
fined according to the Chinese management guide-
lines for COVID-19 (version 7.0). We excluded

patients receiving other antiviral treatments and
with more than two consecutive negative results
upon hospitalization in order to analyze the vi-
ral-clearance effect of IFN alfa-2b with lopinavir
and ritonavir. The 148 enrolled patients were as-
signed to three groups. Group 1 (n = 46) received
only standard care, Group 2 (n = 37) received IFN
alfa-2b (5 million U twice daily, atomization in-
halation), and Group 3 (n = 65) received IFN al-
fa-2b (5 million U twice daily, atomization inha-
lation) with lopinavir and ritonavir (500 mg twice
daily, orally), patients received anti-viral treat-
ment until they obtained negative viral result. All
148 patients received standard care as necessary,
which included supplemental oxygen, noninva-
sive and invasive ventilation, antibiotic agents to
prevent bacterial infections, vasopressor support,
renal-replacement therapy, and extracorporeal
membrane oxygenation. To analyze the time-de-
pendent effects of the treatments, 33 patients with
positive or unascertainable results by the time of
analysis were excluded (Figure 1).

Viral Detection

Respiratory specimen was the total RNA from
nasopharyngeal swab, RT-PCR was conducted us-
ing primers and probes targeting the ORFlab and
N genes of COVID-19. Reactions and amplification
conditions were performed according to manufac-
turer guidelines (Shanghai BioGerm Medical Tech-
nology Co. Ltd., Shanghai, China). The results were
considered positive when the cycle threshold (Ct)
values of both target genes exceeded 38"

The primary endpoint was considered as two
consecutive negative RT-PCR tests due to high
rates of false-negative tests. Patients with axillary

196 inpatients

48 Excluded
38 Received other anti-viral treatments
10 Had more than two consecutive negative viral result upon hospitalization

148 inpatients

Group1 Group 2 Group 3
46 penitents 37 penitents 65 penitents
standard care interferon alfa-2b interferon alfa-2b and
lopinavir plus ritonavir

Figure 1. Patient demographics.
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temperatures of at least 37.3°C were considered
to have a fever. Re-positive was defined as having
positive SARS-CoV-2 nucleic acids after two con-
secutive negative tests over a 72-h period. The vi-
ral-carrying time was defined as the time between
symptoms appearing and two consecutive nega-
tive tests over a 72-h period (https:/www.cdc.gov/
coronavirus/2019-ncov/symptoms-testing/symp-
toms.html). Exposure history was defined as ex-
posure to patients with confirmed SARS-CoV-2
infections or a history of travel to Wuhan, China.
Ventilator-associated pneumonia was diagnosed
according to treatment guidelines for hospital-ac-
quired and ventilator-associated pneumonia.
Acute kidney injuries were diagnosed according
to the clinical practice guidelines of the Kidney
Disease Improving Global Outcomes, and acute
respiratory distress syndrome was diagnosed ac-
cording to the Berlin Definition.

Statistical Analysis

No calculations of statistical sample size were
performed beforehand; the sample size was equal
to the number of patients treated during the study
period. Continuous variables are presented as
the medians and interquartile ranges (IQRs) with
95% confidence intervals (Cls). Categorical vari-
ables are expressed as the percentage of patients
with 95% Cls. Differences in the distribution of
patient characteristics (by median-age subgroups
and by presence/absence of hypertension) are re-
ported using differences with 95% Cls.

A paired-sample #-test and one-way analysis of
variance were used to compare nonparametric con-
tinuous variables between median-age subgroups
and patients with or without hypertension. A »° or
Fisher’s exact test was used for categorical variables,
as needed. All statistical tests were two-tailed, and
statistical significance was defined as a p<0.05.
Analyses were performed using SPSS (v.9.4; SPSS
Inc., Chicago, IL, USA). The analyses were not ad-
justed for multiple comparisons, and given the pos-
sibility of a type-I errors, the findings should be in-
terpreted as exploratory and descriptive.

Results

Patient Demographics and Baselines

Of the 148 patients in this study, 46 received
standard care (Group 1), 37 were treated with [FN
alfa-2b (Group 2) and 65 were treated with IFN
alfa-2b combined with lopinavir plus ritonavir
(Group 3). The median age of the patients was 38
years (interquartile range [IQR]: 29-55.8 years),
and 48.0% of the patients were men. There were
no significant differences in demographics or in
the results of baseline laboratory tests among the
three groups (Table I). During the study period,
56 patients were administered noninvasive ven-
tilation, six patients underwent invasive venti-
lation, and two patients received extracorporeal
membrane oxygenation.

Table I. Baseline demographic and clinical characteristics of patients.

Characteristics Group 1 (n= 46) Group 2 (n= 37) Group 3 (n= 65)
Age, median (IQR) 48.5 (45) 37 (32.5) 37 (14)
Male/Female, n (%) 18 (39.1) 21 (56.8) 32 (49.2)
WBC (10°/L), median (IQR) 39 2.5 3722 42(2.2)
PCT (pg/L), median (IQR) 0.2 (0.1) 0.2 (0.1) 0.2 (0.1)
PLT (10%L), median (IQR) 219 (72.5) 194 (118.3) 203 (87)
CK (U/L), median (IQR) 63.7 (68.1) 73.1 (65.7) 81.7 (76.1)
ALT (U/L), median (IQR) 23.0 (17.4) 26.5 (25.4) 25.1 (17.7)
AST (U/L), median (IQR) 26.7 (27.4) 23.1 (14.3) 24.1 (11.6)
Temp (°C), median (IQR) 38.2(0.6) 38.5(1.3) 38.3 (1.1
Diabetes mellitus, n (%) 5(22.7) 2 (13.3) 14.2)
Cancer, n (%) 1 4.5) 0 (0) 0(0)

Laboratory values for WBC counts were obtained from 46, 37, and 65 patients from Groups 1, 2, and 3, respectively. PCT
laboratory values were obtained from 41, 22, and 21 patients from Groups 1, 2, and 3, respectively. PLT values were obtained
from 46, 36, and 65 patients from Groups 1, 2, and 3, respectively. ALT values were obtained from 41, 30, and 63 patients from
Groups 1, 2, and 3, respectively. AST values were obtained from 32, 28, and 61 patients from Groups 1, 2, and 3, respectively.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; PCT, procalcitonin; PLT, platelet count.
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Figure 2. Viral-clearance rates of the three groups at 28
days after treatments. Of the 148 patients, 127 were vi-
rus-negative (Group 1 [blue], 93.5%; Group 2 [orange],
94.6%; and Group 3 [gray], 80%).

Combined Anti-viral Treatment
Associated with Longer Viral-Clearance
Time

All patients had viral-positive results at the first
day of hospitalization. After 28 days of hospitalized
treatment, 127 of the 148 patients were viral-nega-
tive. Furthermore, the 28-day viral-negative rate
was 80% among patients treated with I[FN alfa-2b
combined with lopinavir plus ritonavir, which was
significantly lower compared with that of patients
who received only standard care (93.5%) and IFN
alfa-2b (94.6%) (Figure 2). Among all patients,
23 patients had re-positive results during treat-

ment. Patients administered IFN alfa-2b combined
with lopinavir/ritonavir had a significantly high-
er re-positive rate (18/65; 27.7%) than that of the
other two groups (Group 1: 2/46, 4.3%; and Group
2: 3/37, 8.1%), which may have been related to the
lower 28-day viral-negative rate in Group 3.

Early Treatment is Critical
for Ameliorating COVID-19

To evaluate the function of anti-viral treat-
ment, we analyzed the viral-clearance time of the
3 groups. The average virus-carrying times of pa-
tients receiving standard care or IFN 2b were 14
days (IQR: 11-20), 15.5 days (IQR: 10.75-23.75)
and 17.5 days (IQR: 12-25.75) (p < 0.05) days,
respectively (Figure 3A).

When patients were administered standard care,
IFN alfa-2b or IFN alfa-2b combined with lopinavir
plus ritonavir at five days after symptoms appeared,
the viral-clearance times were 18 days (IQR:14.5-
22.0), 21 days (IQR: 14.8-28.0), or 17.5 days (IQR:
12.25-31.75) respectively, which were significantly
longer than those resulting from early treatments
(11.5, 11 or 17 days respectively; p < 0.05) (Figure
3B). Similar results were observed when treat-
ment was administered at three days in or after
three-symptom onset (Supplementary Figure 1).

Anti-viral Treatment Showed a Time-
Dependent Bidlirectional Effect
in Reducing Viral-Clearance Time

When patients were administered IFN alfa-2b
treatment within five days of symptom onset (fe-
ver or cough), the virus-carrying time was re-
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Figure 3. The effects of anti-viral treatment. A, Viral-clearance times when receiving standard care (Group 1), interferon al-
fa-2b (Group 2) or interferon alfa-2b combined with lopinavir plus ritonavir (Group 3). B, Viral-clearance times of the patients

received treatment within or after five days of symptom onset.
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Figure 4. Time-dependent viral-clearance time for patients.

duced to 11 days (IQR: 8.75-15.25 days), which
was significantly shorter than that of patients re-
ceiving only standard care and IFN alfa-2b com-
bined with lopinavir plus ritonavir treatment (11.5
days; IQR, 9.3-14.8 days and 17 days; IQR, 9.25-
21.75 days ) (p < 0.05), on the contrary, when re-
ceived late treatments with IFN alfa-2b combined
with lopinavir plus ritonavir treatment (five days
after the symptom onset), patients had a shorter
viral-clearance time (17.5; IQR,12.25-23.75 days)
than the other two groups (18 days; IQR, 14.5-22
days and 21 days; IQR, 14.75-28 days (Figure 4A).

However, patients receiving IFN alfa-2b treat-
ment within three days of symptom onset did not
display a shorter viral-clearance time compared
to that of patients receiving standard care (clear-
ance time in both: 11 days). Moreover, the IFN
alfa-2b combined with lopinavir plus ritonavir
treatment at three days after symptoms appeared
showed a shorter viral-clearance time, which is
consistent with the result of the treatment after
five days (Figure 4B).

Discussion

The results of our present study indicate that
no benefit was obtained from administering [FN
alfa-2b combined with lopinavir plus ritonavir,
which is consistent with a previous study’. In con-
trast, we found that this treatment actually led to
higher re-positive rates; however, the mechanism
of this unexpected outcome requires further study.

The time between symptom onset and viral
clearance is crucial to analyze the effect of active

antiviral agents, because the viral load of SARS-
CoV-2 peaks at approximately the time of symp-
tom onset'®. Patients may benefit from early IFN
treatment due to the functions of type-I IFN sig-
naling related to immune activity'®. During the re-
sponse to COVID-19 infection, IFN might play an
important role in cytokine storms?, which may
cause an imbalanced immune response and con-
comitant organ damage; however, the precise im-
mune-response mechanism related to COVID-19
infection remains unclear.

Our present results suggest that early treatment
with IFN alfa-2b or later treatment with IFN al-
fa-2b combined with lopinavir plus ritonavir may
assist in fighting COVID-19 infection, although
this effect was minimal relative to the outcomes
associated with early treatment of the disease.
Furthermore, the long-term prognosis of patients
receiving these treatments remains unclear.

Conclusions

Anti-viral treatment might have complicated
effect on viral-clearance. Early symptomatic treat-
ment is most critical for maximizing amelioration
of COVID-19 infection. Treating patients with
IFN alfa-2b within five days or IFN alfa-2b com-
bined with lopinavir plus ritonavir five days after
the symptom onset may accelerate viral clearance.
However, the optimal outcomes involved admin-
istration of appropriate treatments immediately
upon symptom appearance. This finding had an
important significance in reducing global medical
consumption and patient mortality.
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