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: Background The antiviral therapy has been considered

as an ordinary intervention for COVID-19 patients. How-
ever, the effectiveness of antiviral therapy is uncertain.
This study was designed to determine the association
between the antiviral therapy and in-hospital mortality
among severe COVID-19 patients.

Methods This study enrolled severe COVID-19 patients
admitted to four designated hospitals in Wuhan, China.
The use of antiviral treatments, demographics, laboratory
variables, co-morbidities, complications, and other treat-
ments were compared between survival and fatal cases.
The association between antiviral agents and in-hospital
mortality were analyzed.

Results In total, 109 severe COVID-19 patients (mean
age 65.43) were enrolled for analysis, among which, 61
(56.0%) patients were discharged alive, and 48 (44.0%)
died during hospitalization. We found no association
between lopinavir/ritonavir (LPV/r) treatment and the
in-hospital mortality (odds ratio (OR)=0.195, 95%
confidence interval (CI)=0.023-1.679). Besides, riba-
virin (OR=0.738, 95% CI=0.344-1.582), oseltamivir
(OR=0.765, 95% CI=0.349-1.636), and interferon-al-
pha (IFN-a) (OR=0.371, 95% CI=0.112-1.236) were
not associated with the in-hospital mortality. Howev-
er, arbidol monotherapy (OR=5.027, 95% CI=1.795-
14.074) or the combination of arbidol and oseltamivir
(OR=5.900,95% CI=1.190-29.247) was associated with
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Conclusions Our findings indicated that LPV/r, IFN-a,
ribavirin, or oseltamivir have no beneficial effects on the
prognosis of severe COVID-19 patients, whereas the use
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The outbreak of coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) has become an emergent global pandemic [1]. The clinical spectrum of COVID-19 can
range from asymptomatic infection to multiple organ dysfunction requiring intensive care unit (ICU) admis-

— O sion [2,3]. Since no specific drug is available, current treatments for COVID-19 are mainly symptomatic and
= E supportive [4]. In clinical practice, antiviral drugs such as ribavirin, lopinavir/ritonavir (LPV/r), oseltamivir,
E =) favipiravir, arbidol, and interferon (IFN) have been used for patients with coronavirus infections [5-8]. How-
E % ever, the effects of these antiviral drugs on the prognosis of severe COVID-19 patients have not been clearly
- & clarified to date [9]. In the present study, we retrospectively analyzed 109 severe COVID-19 patients who were
%4) o admitted to four designated hospitals in Wuhan City. We aim to determine whether the use of antiviral drugs
<A reduces the in-hospital mortality in severe COVID-19 patients.
o=
n=
mO
o O

METHODS

Study setting

This retrospective, observational study was performed in 4 hospitals in Wuhan, China: Zhongnan Hospital of
Wuhan University, Wuhan Third Hospital, Union Jiangbei Hospital and the First People’s Hospital of Jiangxia
District. This study was approved by the Medical Ethics Committee of these four hospitals.

Study population

Severe COVID-19 patients from these hospitals between Jan 8 and Mar 9, 2020 were enrolled for analysis. A
severe COVID-19 patient was defined as an oxygen saturation on room air at rest <93% or the partial pressure
of oxygen in arterial blood/fraction of inspired oxygen <300 mm Hg (1 mm Hg=0.133kPa) according to the
guidelines of the National Health Commission (NHC) of China [10]. Inclusion criteria: male and nonpregnant
female patients aged 18 years old or older were eligible if they were severe, had a laboratory confirmed infec-
tion of SARS-CoV-2, had radiological evidence of pneumonia and received antiviral drugs within 24 hours af-
ter hospital admission. Exclusion criteria: pregnant patients, patients aged <18 years old, or patients had no
definite outcome at the time of enrollment.

Outcomes

In-hospital mortality or survival at discharge was defined as the primary outcome of the study. The secondary
outcomes included the intensive care unit (ICU) mortality and the development of complications.

Data collection

The demographic data, signs and symptoms, co-morbidities, laboratory and radiological findings, use of an-
tiviral drugs and other treatments, complications and outcome of all patients were collected from the electric
medical records. Data were checked by two independent physicians, and a third expert made a final decision
when disagreements occurred.

Definition

Acute respiratory distress syndrome (ARDS) was determined according to the Berlin Definition [11]. Sepsis
and septic shock were diagnosed according to the 2016 Third International Consensus Definition for Sepsis
and Septic Shock [12]. Acute kidney injury (AKID) was diagnosed according to the KDIGO clinical practice
guidelines [13], and acute cardiac injury was diagnosed by increased serum cardiac biomarkers. Disseminat-
ed intravascular coagulation (DIC) was defined according to the guidelines of the Scientific Subcommittee on
Disseminated Intravascular Coagulation of the International Society on Thrombosis and Haemostasis [14].

Laboratory testing for SARS-CoV-2

The throat swabs were collected for real-time reverse-transcription—polymerase-chain-reaction (RT-PCR) of
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) using a commercial nucleic acid detection
kit according to the manufacturers instructions (DAAN Gene Co., Ltd of Sun Yat-Sen University, Guangzhou,
China) as previously described [15].

Statistical analysis

We used mean and standard deviation (SD) for description of normally distributed continuous variables, and
median and interquartile range (IQR) for continuous variables of unnormal distribution. We used number (N)
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and percentage (%) to describe categorical variables. We implemented x* (x*) test to compared the in-hospi-
tal mortality, followed by evaluation of odds ratio (OR) and 95% confidence interval (CI), and to compare the
frequency of the onsets of complications between groups. Meanwhile, we use non-parametric test (eg, Kru-
skal-Wallis test) to compare variables of unnormal distribution. We performed a multiple logistic regression
analysis to identify the factors or antiviral agents that affect the outcomes of COVID-19 patients. All the analy-
ses were performed with Prism (version 8.0, GraphPad Software, San Diego CA, USA) and R software (version
3.6.3, R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Demographic and clinical features
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This study enrolled 109 severe, laboratory confirmed COVID-19 patients (mean age 65.43), who received an-
tiviral therapy within 24 hours after hospital admission. Among of them, 106 (97.2%) patients have been ad-
mitted to ICU. With regard to primary outcome, 61 (56.0%) patients were discharged alive (survival group),
while 48 (44.0%) patients died during hospitalization (non-survival group).

As shown in Table 1, no differences were observed in age, sex, or body mass index (BMI) between the sur-
vival and the non-survival group. The most common comorbidities of the patients were recorded including
hypertension (46, 42.2%), diabetes (20, 18.3%), coronary heart disease (16, 14.7%), renal insufficiency (8,
7.3%), chronic lung disease (8, 7.3%), cerebrovascular disease (5, 4.6%), and malignant tumor (5, 4.6%). The
non-survival group had a higher incidence of renal insufficiency than that in the survival group (14.6% vs 1.6%,
P=0.010). In addition, the incidence of fever (91.7% vs 75.4%, P=0.026) and the median duration of fever
(7 vs 5, P=0.040) in the Non-survival group were significantly increased as compared to the survival group.

Table 1. Demographic and clinical characteristics of participants at admission

CHARACTERISTICS TotAL (N = 109) SUR}';IV:;S‘SES NO?ESSZX;VAL P-VALUE
Age, mean£SD, years 65.43+12.84 65.92+13.18 64.81+12.50 0.657
Sex, n (%):

Female 74 (67.9) 40 (65.6) 34 (70.8) 0.706
Male 35(32.1) 21 (34.4) 14 (29.2)

BMI, mean + SD, kg/m? 23.35+£3.20 23.13+£3.82 23.50+£2.92 0.650
Current smoker, n (%):

Yes 7(6.4) 2(3.3) 5(10.4) 0.131
No 102 (93.6) 59 (96.7) 43 (89.6)

Co-morbidities, n (%):

Hypertension 46 (42.2) 27 (44.3) 19 (39.6) 0.623
Diabetes 20 (18.3) 14 (23.0) 6(12.5) 0.162
Coronary heart disease 16 (14.7) 9(14.8) 7 (14.6) 0.980
Renal insufficiency 8(7.3) 1(1.6) 7 (14.6) 0.010
Chronic lung disease 8(7.3) 5(8.2) 3(6.3) 0.699
Cerebrovascular disease 5(4.6) 1(1.6) 4(8.3) 0.097
Malignant tumor 5 (4.6) 2(3.3) 3(6.3) 0.462
Surgery history within 6 months, n (%) 5(4.6) 1(1.6) 4(8.3) 0.097
Signs and symptoms, n (%):

Any 138 (100) 109 (100) 29 (100) 1.000
Fever 90 (82.6) 46 (75.4) 44 (91.7) 0.026
Highest temperature 0.979
37.3-38.0°C 24 (26.7) 12 (26.1) 12 (27.3)

38.1-39.0°C 51 (56.7) 26 (56.5) 25 (56.8)

>39.0°C 15(16.7) 8(17.4) 7(15.9)

Duration of fever, median (IQR), days 7 (2-10) 5(1-10) 7 (4-10) 0.040
Cough or sputum production 91 (83.5) 52(85.2) 39 (81.3) 0.577
Chest distress/dyspnea 67 (61.5) 35(57.4) 32 (66.7) 0.323
Fatigue 69 (63.3) 37 (60.7) 32 (66.7) 0.518
Breathlessness or wheezing 55 (50.5) 26 (42.6) 29 (60.4) 0.065
Nausea or vomiting 2(1.8) 2(3.3) 0(0.0) 0.205

SD — standard deviation, IQR — interquartile range, BMI — body mass index
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The vital signs, laboratory and radiological findings at admission were summarized in Table S1 of the Online
Supplementary Document. The details of the use of antiviral agents were shown in Table S2 of the Online
Supplementary Document. The details of other treatments were shown in Table S3 of the Online Supple-
mentary Document.

Effects of antiviral drugs on the in-hospital

As shown in Table 2, there were 45 (41.3%) patients treated by oseltamivir, 23 (21.1%) patients treated by
arbidol, 16 (14.7%) patients treated by IFN-a, 7 (6.4%) patients treated by LPV/r, 50 (415.9%) patients treat-
ed by Ribavirin.
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Table 2. Effect of antiviral treatments on in-hospital mortality*

ANTIVIRAL AGENTS TotAL (N=109) SURVIVAL(N=61) NON-SURVIVAL (N =48) ODDS RATIO (OR) P-VALUE
Abidol 23 (21.1) 6 (9.8) 17 (35.4) 5.027 (1.795-14.074) 0.001
Lopinavir/ritonavir (LPV/r) 7(6.4) 6(9.8) 121D 0.195 (0.023-1.679) 0.101
Ribavirin 50 (45.9) 30 (49.2) 20 (41.7) 0.738 (0.344-1.582) 0.434
Oseltamivir 45 (41.3) 27 (44.3) 18 (37.5) 0.756 (0.349-1.636) 0.477
Interferon (IFN)-a 16 (14.7) 12 (19.7) 4(8.3) 0.371 (0.112-1.236) 0.097
Abidol+Oseltamivir 10 (9.2) 2(33) 8 (16.7) 5.900 (1.190-29.242)  0.016
Abidol+IFN 4(3.7) 3 (4.9 1.1 0.411 (0.041-4.085) 0.435
LPV/r+Oseltamivir 4(3.7) 3(4.9) 1.1 0.411 (0.041-4.085) 0.435
LPV/r+IFN 4(3.7) 3(4.9) 12D 0.411 (0.041-4.085) 0.435

OR — odds ratio, CI — confidence interval
*No patients were treated with Arbidol+LPV/r, Arbidol+Ribavirin, or LPV/r+Ribavirin, or Ribavirin+IFN.

We found no significant association between LPV/r treatment and the in-hospital mortality (OR=0.195, 95%
CI=0.023-1.679). Additionally, ribavirin (OR=0.738, 95% Cl=0.344-1.582), oseltamivir (OR=0.765, 95%
CI=0.349-1.636), and IFN-a (OR=0.371, 95% CI=0.112-1.236) were not associated with the in-hospital
mortality. However, the use of arbidol was associated with an increased the in-hospital mortality (OR=5.027,
95% Cl=1.795-14.074). In addition, the combined therapy of arbidol and oseltamivir was also associated
with an increased mortality (OR=5.900, 95% CI=1.190-29.247). Nevertheless, the combined therapy of ar-
bidol-IFN (OR=0.411, 95% CI=0.041-4.085) was not associated with survival in hospital, which was similar
with LPV/r-oseltamivir (OR=0.411, 95% CI=0.041-4.085) and LPV/r-IFN (OR=0.411, 95% CI=0.041-4.085).

A multiple logistic regression analysis was per-

variables OR (95% CI)
formed to adjust for the confounding of clinical
characteristics and other treatments that were
Atbidel | 3 P 4195(1.221,14408)  fyunded to be associated with outcome in the

above-mentioned results. As listed in Figure 1, the
multiple logistic regression also identified a signif-
Breathlessness or wheezing | ¢ - , 3907 (1.327,11501)  icant association of the in-hospital mortality with
arbidol (adjusted OR=4.195, 95% CI=1.221-
P T S S S R R 14.408), as well as breathlessness or wheezing at
Odds ratio (NOR)\ R admission (adjusted OR=3.907, 95% CI=1.327-
11.501). While no significant association was ob-

served regarding other antiviral drugs.

Figure 1. Multiple logistic regression analysis on in-hospital mortality.

Effects of antiviral drugs on the ICU mortality

As shown in Table 3, the use of LPV/r (OR=0.556, 95% Cl=0.466-0.663) and IFN-a (OR=0.670, 95%
CI=0.495-0.906) were associated with a decreased ICU mortality. However, arbidol treatment was associ-
ated with an increased ICU mortality (OR=4.490, 95% CI=1.655-12.180). However, our results suggested
that the ICU mortality was not associated with ribavirin (OR=0.672, 95% CI=0.306-1.473), and oseltamivir
(OR=0.765,95% CI=0.348-1.679). In addition, the administration of arbidol-oseltamivir was not associated
with an increased ICU mortality (OR=3.721, 95% CI=0.905-15.295). The combined use of arbidol-IFN-«
LPV/r-oseltamivir, or LPV/r-IFN-a was not associated with the ICU mortality, for which the OR was not available
due to the small number of patients receiving combined antiviral treatment. The multiple logistic regression
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Table 3. Effect of antiviral treatments on ICU mortality*

ANTIVIRAL AGENTS ToTAL (N=106) SURVIVAL (N=62) NON-SURVIVAL (N = 44) ODDS RATIO (OR) P-VALUE
Abidol 23 (21.7) 7(11.3) 16 (36.4) 4.490 (1.655-12.180) 0.002 =2 (0)
Lopinavir/ritonavir (LPV/r) 7 (6.6) 7(11.3) 0(0.0) 0.556 (0.466-0.663) 0.021 o 3
Ribavirin 47 (44.3) 30 (48.4) 17 (38.6) 0.672 (0.306-1.473) 0.319 2 8]
Oseltamivir 45 (42.5) 28 (45.2) 17 (38.6) 0.765 (0.348-1.679) 0.503 % %
Interferon (IFN)-a 16 (15.1) 13 (21.0) 3(6.8) 0.670 (0.495-0.906) 0.045 = é
Abidol+Oseltamivir 10 (9.4) 3(4.8) 7(15.9) 3.721 (0.905-15.295) 0.055 5 o
Abidol+IFN 4(3.8) 4(6.5) 0(0.0) - 0.230 (e
LPV/r+Oseltamivir +(8) 4(65) 0(0.0 : 0230 =
LPV/r+IFN 4(3.8) 4(6.5) 0(0.0) - 0.230 a 5
oz O

ICU — intensive care unit, OR — odds ratio, CI — confidence interval
*No patients were treated with Arbidol+LPV/r, Arbidol+Ribavirin, or LPV/r+Ribavirin, or Ribavirin+IFN.

variables OR (95% ClI) found a significant association of the ICU mortal-
ity with the use of arbidol (adjusted OR=7.629,
95% Cl=2.339-24.886) and breathlessness or
wheezing at admission (adjusted OR=2.765,95%
CI=1.109-6.895) (Figure 2).

Arbidol k - 1 7.629 (2.339, 24.886)

Breathlessness or wheezing | —a—— 2.765 (1.109, 6.895) Onsets of complications

In this study, we documented the onsets of 11

NEANRI .s' .(;. ,\tl .3'> ,3', ,19' ,1: ,1;; qg; complications (ie, respiratory failure, ARDS, sep-

Odds ratio (OR) sis, acute cardiac injury, acute liver injury, acute

kidney injury, septic shock, DIC, arrthythmia, gas-

trointestinal bleeding, ACVD) among the patient

of severe COVID-19. The frequency of onset of

ARDS in the survival group (39, 63.9%) was significantly higher than that in the non-survival group (20,

41.7%), meanwhile the frequency of ACVD among survival patients (5, 8.2%) was also higher than that of fa-
tal ones (0, 0%). No significant difference was observed in other complications (Table 4).

Figure 2. Multiple logistic regression analysis on intensive care unit (ICU) mor-
tality.

Table 4. Onsets of complications during hospitalization (n, %)

COMPLICATIONS ToTAL (N = 109) SURVIVAL (N = 61) NON-SURVIVAL (N = 48) P-VALUE
Any type 100 (91.7) 58 (95.1) 42 (87.5) 0.153
Respiratory failure 85 (78.0) 49 (80.3) 36 (75.0) 0.505
ARDS 59 (54.1) 39 (63.9) 20 (41.7) 0.021
Sepsis 44 (40.4) 26 (42.6) 18 (37.5) 0.588
Acute cardiac injury 30 (27.5) 19 (31.1) 11 (22.9) 0.340
Acute liver injury 29 (26.6) 20 (32.8) 9(18.8) 0.100
Acute kidney injury 26 (23.9) 18 (29.5) 8 (16.7) 0.118
Septic shock 22(20.2) 16 (26.2) 6(12.5) 0.076
Arrhythmia 109.2) 7(11.5) 3(6.3) 0.348
DIC 6(5.5) 4(6.6) 2(4.2) 0.587
Gastrointestinal bleeding 6(5.5) 5(8.2) 12.1D) 0.165
ACVD 5(4.6) 5(8.2) 0(0) 0.042

ARDS - acute respiratory distress syndrome, DIC — disseminated intravascular coagulation, ACVD — acute cerebrovascular disease

The onsets of complications in patients received different antiviral drugs were analyzed. As shown in Table
S4 of the Online Supplementary Document, oseltamivir was associated with high incidence of respiratory
failure, ARDS and acute kidney injury, and low incidence of gastrointestinal bleeding, ACVD, acute cardiac
injury, and acute liver injury. Arbidol was associated with a decrease in the development of sepsis, whereas
Ribavirin was associated with a higher incidence of sepsis. This finding was also subject to small numbers of
patients who received LPV/r or IFN-a.
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DISCUSSION

This retrospective study observed a survival rate of 56.0% among severe COVID-19 patients who received
different antiviral treatments during hospitalization. The treatment of arbidol resulted in increased ICU and
in-hospital mortality. Ribavirin, oseltamivir and interferon showed no beneficial effects for severe COVID-19
patients. LPV/r was likely to improve the survival rate while the difference was not statistically significant.

As the situation of COVID-19 epidemic is still remaining severe worldwide, identification of specific effective
treatment is urgently necessary. In addition to the combined therapies of symptomatic treatment, prevention
of complications, treatment of accompanying diseases, prevention of secondary infections, and organ function
support, antiviral treatment has been considered as a crucial approach for patients’ recovery [16]. There have
been more than 300 clinical trials targeting the potential of COVID-19 therapy ongoing, some of them will
be released the findings in the next couple of months [17]. In the first hit city by COVID-19, we have used
several antiviral agents (ie, ribavirin, LPV/r, oseltamivir, arbidol and IFN) for the management of patients in
our hospitals in Wuhan by reference with the official guideline, as well as the prescription used to treat severe
acute respiratory syndrome (SARS), Middle East Respiratory Syndrome (MERS), influenza and human immu-
nodeficiency virus (HIV) [18,19].
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The compound of lopinavir/ritonavir (LPV/r) is commonly used to treat HIV infection. LPV/r has been approved
to be successful on curing SARS and MERS through in vitro, animal and clinical studies [20]. LPV/r (200 mg/50
mg per capsule, 2 capsules each time, twice per day for adults) was recommended officially in the early re-
leased version of NHC guidelines and the updated versions. However, a randomized trial enrolled 199 severe
COVID-19 patients did not observe significant benefit in LPV/r treated group as compared to standard care.
In addition, another trial within 44 patients with mild/moderate COVID-19 showed no benefit in the time to
viral clearance or clinical progression to severe disease within LPV/r treated group [21]. In this retrospective
study, there was no statistically significant association between LPV/r treatment and improved outcome, which
was in line with these previous trails.

Arbidol is a small indole-derivative molecule that has been licensed for prophylaxis and treatment of influenza
virus and other respiratory viral infections in Russia and China. A case series study reported that four patients
with mild or severe COVID-19 recovered after receiving treatment of arbidol combined with a traditional Chi-
nese medicine [22]. Zhu and colleagues found that arbidol monotherapy was superior to lopinavir/ritonavir in
treating COVID-19 patients [23]. In addition, it has been demonstrated that the combination of arbidol and
LPV/r is superior to LPV/r alone [24]. Based on these evidences, arbidol (200 mg for adults, three times per
day) has been recommended in the sixth version of NHC guideline on February 18, 2020 [10]. In the present
study, we found that arbidol induced an increase in-hospital mortality among patients with severe COVID-19
compared individuals who did not receive arbidol. In addition, the combination of arbidol with oseltamivir
also led to an increased mortality.

Ribavirin is a synthetic nucleoside antiviral agent with a broad-spectrum antiviral activity against both DNA
and RNA viruses, which is phosphorylated in virus infected cells, and its product acts as a competitive inhib-
itor of virus synthetase. Ribavirin interferes with early viral transcription and hinds the synthesis of ribonuc-
leoproteins, playing a role in restrain of virus replication [25]. Combination of ribavirin with other antiviral
agents has been also recommended by the NHC of China [10]. However, we found no beneficial effects of
ribavirin on the prognosis of severe COVID-19 in this study. Oseltamivir is one of well-known neuramini-
dase inhibitors that was developed for control influenza virus [26]. A study on 393 COVID-19 patients treat-
ed with oseltamivir found that oseltamivir administration showed no efficacy in the improvement of ICU
admission rate, the need for ventilator, and death rate [9]. Our findings indicated that oseltamivir was not as-
sociated with improved outcome. Interferons (IFNs) was also recommended for the treatment of COVID-19
in China. However, there are no academic evidences concerning its effectiveness in treating COVID-19 pa-
tients. Our findings demonstrated that neither IFN-a therapy nor combination with arbidol was not associ-
ated with improvement of survival.

Severe COVID-19 patients suffer from high incidences complications such as respiratory failure, ARDS, sep-
sis, acute cardiac injury, acute liver injury, acute kidney injury, septic shock, DIC, arrhythmia, gastrointestinal
bleeding, and ACVD [27]. Our study indicated that individuals discharged alive suffered high frequencies of
ARDS and ACVD during hospitalization than fatal cases. With regard to the onsets of complications in patients
received different antiviral drugs, patients treated with oseltamivir suffered more complications (eg, respiratory
failure, ARDS and acute kidney injury). Arbidol was associated with a decreased incidence of sepsis, whereas
Ribavirin was associated with a higher incidence of sepsis.
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Limitations

Our study has several limitations that are commonly involved in retrospective studies. First, the assignment
of the antiviral and supportive treatments was subject to the situation and environment of the hospital, which
might influence clinical decision-making; Second, the patients were not allocated randomly, and the demo-
graphical and clinical characteristics at baseline were not entirely balanced between groups; Third, the use of
other pharmacologic interventions were arranged on the basis on the condition of specific patients, which might
bias the assessment of the efficacies of antiviral medications; Fourthly, although the multiple logistic regres-
sion analysis was conducted to adjust underlying confounders, the potential bias and interactions of different
medications were not able to eliminated completely; Finally, and probably the most important limitation is
that the effects of antiviral drugs on clinical course of severe COVID-19 cases had not been investigated in the
present study. Although we found no beneficial effects of antiviral drugs in the in-hospital mortality, whether
the use of antiviral drugs shorten the clinical course remains unclear.
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CONCLUSIONS

Our results suggested that LPV/r, oseltamivir, [FN-a, ribavirin, or oseltamivir treatment shows no beneficial ef-
fects for severe COVID-19 patients, whereas the use of arbidol is associated with an increased in-hospital mor-
tality. Therefore, the current and future situations make it a serious concern to pursue more actions to identify
specific antiviral agent against COVID-19.

Acknowledgments: We thank the participants who were enrolled in this study.

Funding: This study was supported by Natural Science Foundation of Shandong Province, China (ZR2017MH100), the
\ Academic Promotion Program of Shandong First Medical University (No. 2019RC010), the Young Taishan Scholars Pro-
A\ gram of Shandong Province of China (No. tsqn20161046), and Shandong Province Higher Educational Young and Inno-
N\ vation Technology Supporting Program (No. 2019KJL004).
Authorship contributions: Conceived and designed the experiments: QH, YZ, WX, ZZ. Performed the investigation and

data collection: XZ, RL, MM, ZH, LH, XX. Analyzed the data: HH, GD, TW. Wrote the paper: HH, XZ, CL, YH. Revised
the paper: XZ, TW, QH, YZ, WX, ZZ.

Competing interests: The authors completed the ICMJE Unified Competing Interest form (available upon request from
the corresponding author) and declare no conflicts of interest.

Additional material
Online Supplementary Document

1 Cucinotta D, Vanelli M. WHO Declares COVID-19 a Pandemic. Acta Biomed. 2020;91:157-60. Medline:32191675

2 Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical and immunological features of severe and moderate corona-
virus disease 2019. J Clin Invest. 2020;130(5):2620-9. Medline:32217835 doi:10.1172/JC1137244

3 Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al. Clinical features of patients infected with 2019 novel coronavirus in Wu-
han, China. Lancet. 2020;395:497-506. Medline:31986264 doi:10.1016/S0140-6736(20)30183-5

4 Wang T, Du Z, Zhu E Cao Z, An Y, Gao Y, et al. Comorbidities and multi-organ injuries in the treatment of COVID-19. Lan-
cet. 2020;395:e52. Medline:32171074 doi:10.1016/S0140-6736(20)30558-4

5 Stebbing J, Phelan A, Griffin I, Tucker C, Oechsle O, Smith D, et al. COVID-19: combining antiviral and anti-inflammatory
treatments. Lancet Infect Dis. 2020;20:400-2. Medline:32113509 doi:10.1016/51473-3099(20)30132-8

6 Mitja O, Clotet B. Use of antiviral drugs to reduce COVID-19 transmission. Lancet Glob Health. 2020;8(5):¢639-40. Med-
line:32199468 doi:10.1016/52214-109X(20)30114-5

7 WuJ, Li W, Shi X, Chen Z, Jiang B, Liu J, et al. Early antiviral treatment contributes to alleviate the severity and improve the
prognosis of patients with novel coronavirus disease (COVID-19). J Intern Med. 2020 Jul;288(1):128-8. Medline:32220033
doi:10.1111/joim.13063

8 Dong L, Hu S, Gao J. Discovering drugs to treat coronavirus disease 2019 (COVID-19). Drug Discov Ther. 2020;14:58-60.
Medline:32147628 doi:10.5582/ddt.2020.01012

9 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical Characteristics of Coronavirus Disease 2019 in China. N Engl
J Med. 2020 Apr 30;382(18):1708-20. Medline:32109013 doi:10.1056/NEJM0a2002032

10 National Health Commission (NHC) of the PRC. Diagnosis and Treatment Plan for COVID-19 (Trial Version 6). Chin Med J.

2020. Online ahead of print.

www.jogh.org e doi: 10.7189/jogh.11.05017 7 2021 « VoL. 11 « 05017


http://jogh.org/documents/2021/jogh-11-05017-s001.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32191675&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217835&dopt=Abstract
https://doi.org/10.1172/JCI137244
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31986264&dopt=Abstract
https://doi.org/10.1016/S0140-6736(20)30183-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32171074&dopt=Abstract
https://doi.org/10.1016/S0140-6736(20)30558-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32113509&dopt=Abstract
https://doi.org/10.1016/S1473-3099(20)30132-8
https://doi.org/10.1016/S2214-109X(20)30114-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32220033&dopt=Abstract
https://doi.org/10.1111/joim.13063
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32147628&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32147628&dopt=Abstract
https://doi.org/10.5582/ddt.2020.01012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32109013&dopt=Abstract
https://doi.org/10.1056/NEJMoa2002032

Zhou et al.

11 Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, Fan E, et al. Acute respiratory distress syndrome: the
Berlin Definition. JAMA. 2012;307:2526-33. Medline:22797452

12 Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al. The Third International Consensus Defi-
nitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;315:801-10. Medline:26903338 doi:10.1001/jama.2016.0287

13 Kellum JA, Lameire N. Diagnosis, evaluation, and management of acute kidney injury: a KDIGO summary (Part 1). Crit Care.
2013;17:204. Medline:23394211 doi:10.1186/cc11454

14 Wada H, Thachil J, Di Nisio M, Mathew P, Kurosawa S, Gando S, et al. Guidance for diagnosis and treatment of DIC from har-
monization of the recommendations from three guidelines. ] Thromb Haemost. 2013. Online ahead of print. Medline:23379279
doi:10.1111/jth.12155

15 Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel Coro-
navirus-Infected Pneumonia in Wuhan, China. JAMA. 2020;323:1061-9 Medline:32031570 doi:10.1001/jama.2020.1585.

16 Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical characteristics of 113 deceased patients with coronavirus dis-
ease 2019: retrospective study. BMJ 2020;368:m1091. Medline:32217556 doi:10.1136/bmj.m1091

17 Simsek Yavuz S, Unal S. Antiviral treatment of COVID-19. Turk ] Med Sci. 2020;50(Si-1):611-9. Medline:32293834
doi:10.3906/sag-2004-145

18 Dobson J, Whitley RJ, Pocock S, Monto AS. Oseltamivir treatment for influenza in adults: a meta-analysis of randomised con-
trolled trials. Lancet. 2015;385:1729-37. Medline:25640810 doi:10.1016/S0140-6736(14)62449-1

19 Lv Z, Chu Y, Wang Y. HIV protease inhibitors: a review of molecular selectivity and toxicity. HIV AIDS (Auckl). 2015;7:95-
104. Medline:25897264

20 Ford N, Vitoria M, Rangaraj A, Norris SL, Calmy A, Doherty M. Systematic review of the efficacy and safety of antiretroviral
drugs against SARS, MERS or COVID-19: initial assessment. ] Int AIDS Soc. 2020;23:¢25489. Medline:32293807 doi:10.1002/
jia2.25489

21 LiY, Xie Z, Lin W, Cai W, Wen C, Guan Y, et al. Efficacy and Safety of Lopinavir/Ritonavir or Arbidol in Adult Patients with
Mild/Moderate COVID-19: An Exploratory Randomized Controlled Trial. Med (N Y). 2020;1:105-13. Medline:32838353
doi:10.1016/j.medj.2020.04.001

22 Wang Z, Chen X, Lu Y, Chen E Zhang W. Clinical characteristics and therapeutic procedure for four cases with 2019 novel
coronavirus pneumonia receiving combined Chinese and Western medicine treatment. Biosci Trends. 2020;14:64-8. Med-
line:32037389 doi:10.5582/bst.2020.01030

23 ZhuZ,LuZ,XuT, Chen C, Yang G, Zha T, et al. Arbidol monotherapy is superior to lopinavir/ritonavir in treating COVID-19.
J Infect. 2020 Jul;81(1):e21-3. Medline:32283143 doi:10.1016/.jinf.2020.03.060

24 Deng L, Li C, Zeng Q, Liu X, Li X, Zhang H, et al. Arbidol combined with LPV/r versus LPV/r alone against Corona Virus Dis-
ease 2019: A retrospective cohort study. J Infect. 2020;81:e1-e5. Medline:32171872 doi:10.1016/j.jinf.2020.03.002

25 Zhang C, Huang S, Zheng E Dai Y. Controversial treatments: An updated understanding of the coronavirus disease 2019. J
Med Virol. 2020 Sep;92(9):1441-8. Medline:32219882 doi:10.1002/jmv.25788

26 Nitsch-Osuch A, Brydak LB. Influenza viruses resistant to neuraminidase inhibitors. Acta Biochim Pol. 2014;61:505-8. Med-
line:25195142 doi:10.18388/abp.2014_1871

27 Zhou E YuT, DuR, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet. 2020;395:1054-62. Medline:32171076 doi:10.1016/S0140-
6736(20)30566-3

wn
]
O
Z.
83|
(a5
53|
&
83|
(a5

1]
=l
Faa)
T Z
= <C
Io-i
UO
&
<O
>
Ale)
&z O

2021 « VoL. 11 « 05017 8 www.jogh.org ¢ doi: 10.7189/jogh.11.05017


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22797452&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26903338&dopt=Abstract
https://doi.org/10.1001/jama.2016.0287
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23394211&dopt=Abstract
https://doi.org/10.1186/cc11454
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23379279&dopt=Abstract
https://doi.org/10.1111/jth.12155
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32031570&dopt=Abstract
https://10.1001/jama.2020.1585
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217556&dopt=Abstract
https://doi.org/10.1136/bmj.m1091
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32293834&dopt=Abstract
https://doi.org/10.3906/sag-2004-145
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25640810&dopt=Abstract
https://doi.org/10.1016/S0140-6736(14)62449-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25897264&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32293807&dopt=Abstract
https://doi.org/10.1002/jia2.25489
https://doi.org/10.1002/jia2.25489
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32838353&dopt=Abstract
https://10.1016/j.medj.2020.04.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32037389&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32037389&dopt=Abstract
https://doi.org/10.5582/bst.2020.01030
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32283143&dopt=Abstract
https://doi.org/10.1016/j.jinf.2020.03.060
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32171872&dopt=Abstract
https://doi.org/10.1016/j.jinf.2020.03.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32219882&dopt=Abstract
https://doi.org/10.1002/jmv.25788
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25195142&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25195142&dopt=Abstract
https://doi.org/10.18388/abp.2014_1871
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32171076&dopt=Abstract
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3

