
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Infection and Public Health 14 (2021) 1693–1700

Contents lists available at ScienceDirect

Journal  of  Infection  and  Public  Health

jou rn al hom epage: ht tp : / /www.e lsev ier .com/ locate / j iph

Original  Article

The  combined  regimens  of  antiviral  therapy  might  not  be  useful  for
the  viral  clearance  of  severe  COVID-19  cases

Xuan  Lia,1,  Liyang  Zhoub,1,  Lina  Zhangc,  Shuo  Zhengb,  Fang  Huangd, Xingfei  Panb,∗,
Fang  Wanga,∗

a Department of Liver Diseases, The Third People’s Hospital of Shenzhen, The Second Affiliated Hospital of Southern University of Science and Technology,
Shenzhen, China
b Department of Infectious Diseases, The Third Affiliated Hospital of Guangzhou Medical University, Guangzhou, China
c Clinic of COVID-19 Pneumonia & Chronic Disease Follow-up, The Third People’s Hospital of Shenzhen, Shenzhen, China
d Department of Medical Service, The Third People’s Hospital of Shenzhen, Shenzhen, China

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 21 June 2021
Received in revised form
18 September 2021
Accepted 26 September 2021

Keywords:
Severe COVID-19
Combined regimens
Antiviral therapy
SARS-CoV-2

a  b  s  t  r  a  c  t

Background:  Severe  COVID-19  caused  by SARS-CoV-2  should  closely  be cared  because  of  the  relatively
high mortality  rate.  If SARS-CoV-2  could  be  cleared  as  soon  as  possible,  the  mortality  rate  might  lower.
In  the  present  study,  we analyzed  factors  which  might  be  related  to  the  clearance  of SARS-CoV-2.
Methods:  One  hundred  and  twenty-eight  severe  COVID-19  cases  were  enrolled.  All  of them  had  been
isolated  and  treated  at Shenzhen  Third  People’s  Hospital  because  they were positive  for  nucleic  acid
of  SARS-CoV-2  tested  by  qRT-PCR.  Their  baseline  clinical  characteristics  and  antiviral  regimens  were
collected  and  analyzed,  respectively.
Results:  Of  the 128  enrolled  severe  COVID-19  cases,  unfortunately  3  died.  The  mean  viral  duration  of
all  patients  was  23.5  (range  17−32)  days.  All  patients  achieved  viral  clearance  during  9  weeks.  13.4%  of
patients  achieved  viral  clearance  within  2 weeks,  and  63.0%  of  patients  achieved  viral  clearance  within  4
weeks.  The  combined  regimens  of  three  or  more  antiviral  drugs,  the  use  of invasive  mechanical  ventila-
tion,  and late  admission  might  be related  to  the delay  of  viral  clearance  within  2 weeks.  The  use  of  arbidol,
the  use  of invasive  mechanical  ventilation,  and  late  admission  might  be related  to the  delay  of  viral  clear-
ance  within  4 weeks.  Patients  often  had  a prolonged  course  of COVID-19  and  hospitalization,  and  were
more  likely  transferred  to  intensive  care  unit  (ICU)  for  treatment,  if they  could  not  clear  SARS-CoV-2

during  23 days.
Conclusion:  Severe  COVID-19  cases  should  be admitted  to hospital  as  soon  as  possible.  The  combined
regimens  of three  or  more  antiviral  drugs  might  not  be useful  for  viral  clearance,  and  should  be  performed
carefully  and  cautiously.

©  2021  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of King  Saud  Bin  Abdulaziz  University  for
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Health  Sciences.  This  is an

Introduction

The outbreak of corona virus disease 2019 (COVID-19) caused
by severe acute respiratory syndrome corona virus-2 (SARS-CoV-
2) has posed a serious impact on the health system worldwide.
The number of confirmed COVID-19 cases and deaths dramatically
increases in the world. The mortality rate of severe COVID-19 cases

is relatively high because severe COVID-19 cases easily progress to
life-threatening fatal clinical outcomes such as ARDS, respiratory
failure, sepsis, septic shock, etc. It was reported that the median
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iral duration of survivors with SARS-CoV-2 infection is about
0.0 days (IQR 17.0–24.0). However, SARS-CoV-2 could be contin-
ously detected in patients who  unfortunately died of COVID-19
efore they died [1]. Another study found that the viral clearance
f patients in ICU is relatively slower compared with that of non-
CU patients [2]. For patients with COVID-19, the viral duration is
losely related to the disease progression and the severity of the
isease. Therefore, controlling SARS-CoV-2 replication and clear-

ng it as soon as possible might improve the prognosis of patients
ith COVID-19.

Various antiviral drugs, such as interferon alpha, ribavirin,

rbidol, chloroquine phosphate, lopinavir/ritonavir, etc., could be
ecommended to treat COVID-19 patients and might improve the
rognosis of patients by the World Health Organization (WHO) and
ational Health Commission of China [3–5]. However, the use of
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Fig. 1. Enrollment and fol

these drugs is mostly based on data collected from treatment of
SARS or MERS or the experimental results in vitro. Furthermore,
their efficacy and safety still need further evaluating. For example,
some researchers even believe that the use of lopinavir/ ritonavir
could hinder viral clearance [6]. Others report that [7] the use of
glucocorticoids might be related to the delay of viral clearance.

The viral duration varies with the severity of the disease. There-
fore, there might be a difference in factors-related to viral clearance
between mild and severe COVID-19 patients. In the present study,
we enrolled 128 severe COVID-19 patients from Shenzhen Third
People’s Hospital, and analyzed factors-related to the viral clear-
ance.

Study design and participants

The retrospective study was approved by the Ethics Commit-
tee of Shenzhen Third People’s Hospital . All patients were isolated
and treated at Shenzhen Third People’s Hospital which was the
only designated hospital for treatment of COVID-19 cases in Shen-
zhen by local health authorities. Three hundred and ninety-five
COVID-19 patients were included and selected. One hundred and
twenty-eight patients with severe COVID-19 were enrolled (Fig. 1).
All patients were positive for nucleic acid of SARS-COV-2 tested
by qRT-PCR before they were admitted to Shenzhen Third People’s
Hospital.
Definition

The definition of severe COVID-19, viral clearance, viral duration
and discharge standards were according to Diagnosis and Treat-

p
5
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-up of the study cohorts.

ent Guidelines of COVID-19 launched by National Health Com-
ission of China. (http://www.nhc.gov.cn/xcs/zhengcwj/202003/

856d5b0458141fa9f376853224d41d7.shtml).

ata collection

Clinical data of the enrolled patients were extracted from the
lectronic medical records and collected by two doctors who  were
esponsible for the following-up of COVID-19 cases in Shenzhen
hird People’s Hospital.

tatistics analysis

Data of continuous variables in this study were expressed by
edian (interquartile range) or mean ± SD, and data of categorical

ariables were expressed by absolute numbers (%). Mann–Whitney
 test was  used to compare differences between continuous vari-
bles. Chi-square test or Fisher exact test was  used to compare
ifferences between categorical variables. Logistic regression was
sed to analyze favorable factors-related to viral clearance. Differ-
nces were considered statistically significant at a P value < 0.05. All
ata were analyzed using SPSS v22.00 statistical analysis software
SPSS Inc., Chicago, IL).

esults

aseline clinical characteristics
The baseline clinical characteristics of 128 severe COVID-19
atients were shown in Table 1. The average age of them was
8 years (range 48−65), and the average BMI  was 24.39 (range
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Table  1
Baseline characteristics of patients with severe COVID-19.

Overall (n = 128) Serious cases (n = 109) Critical cases (n = 19) P value

Age, median (IQR), y 58 (48−65) 56 (47−64) 65 (59−69) 0.006a

Male sex 79 (61.7%) 64 (58.7%) 15 (78.9%) 0.094
Underlying pulmonary diseases 7 (5.5%) 5 (4.6%) 2 (10.5%) 0.614
Underlying cardiovascular diseases 53 (41.4%) 43 (39.4%) 10 (52.6%) 0.282
Other  underlying diseases 26 (20.3%) 21 (19.3%) 5 (26.3%) 0.692
ACEI/ARB usage 8 (6.3%) 7 (6.4%) 1 (5.3%) 1.000
Smoking history 11 (8.6%) 9 (8.3%) 2 (10.5%) 1.000
BMI,  median (IQR) 24.39 (22.27−26.67) 24.46 (22.55−26.82) 23.31 (21.16−25.41) 0.108
Symptoms
Fever  50 (39.1%) 43 (39.4%) 7 (36.8%) 0.830
Respiratory symptoms 105 (82%) 89 (81.7%) 16 (84.2%) 1.000
Cough 44 (34.4%) 41 (37.6%) 3 (15.8%) 0.065
Expectoration 58 (45.3%) 49 (45%) 9 (47.4%) 0.845
Sore  throat 19 (14.8%) 15 (13.8%) 4 (21.1%) 0.635
Rhinorrhoea 14 (10.9%) 13 (11.9%) 1 (5.3%) 0.645
Chest  tightness 26 (20.3%) 21 (19.3%) 5 (26.3%) 0.692
Shortness of breath 38 (29.7%) 27 (24.8%) 11 (57.9%) 0.004a

Other symptoms 60 (46.9%) 48 (44%) 12 (63.2%) 0.123
Myalgia 31 (24.2%) 27 (24.8%) 4 (21.1%) 0.953
Fatigue 44 (34.4%) 36 (33%) 8 (42.1%) 0.442
Headache 13 (10.2%) 9 (8.3%) 4 (21.1%) 0.196
Nausea and vomiting 9 (7%) 6 (5.5%) 3 (15.8%) 0.258
Diarrhea 19 (14.8%) 17 (15.6%) 2 (10.5%) 0.823
Fever,  cough, and shortness of breath 39 (30.5%) 28 (25.7%) 11 (57.9%) 0.005a

Respiratory failure 9 (7%) 4 (3.7%) 5 (26.3%) 0.002a

Laboratory findings
WBC  count, median (IQR), ×109/L 4.6 (3.75−5.75) 4.45 (3.52−5.58) 5.39 (4.27−7.00) 0.005a

NEUT count, median (IQR), ×109/L 2.83 (2.17−4.20) 2.75 (2.05−3.49) 4.25 (2.81−6.31) 0.001a

Lymphocyte count, median (IQR), ×109/L 1.08 (0.85−1.34) 1.11 (0.87−1.38) 0.88 (0.52−1.21) 0.021a

Hemoglobin (Mean ± SD), g/dl 138.45 ± 15.54 138.89 ± 15.15 135.95 ± 17.87 0.449
CRP,  median (IQR), mg/L 40.6 (19.6−60.4) 36.1 (12.23−58.08) 55.30 (33.10−68.00) 0.060
hsCRP, median (IQR), mg/L 25.25 (10.18−46.28) 23.98 (9.51−40.79) 34.28 (20.80−89.94) 0.008a

IL-6, median (IQR), pg/mL 19.85 (11.21−38.96) 17.76 (10.48−30.77) 42.98 (12.16−79.45) 0.005a

PCT, median (IQR), �g/L 0.057 (0.037−0.082) 0.053 (0.034−0.074) 0.085 (0.064−0.198) 0.000a

ESR, median (IQR), mm/h 41 (25−60) 40 (25−58.75) 52.00 (30.00−70.00) 0.226
Numbers of affected lobes 6 (5−6) 6 (5−6) 6 (5−6) 0.765
Treatment
Intravenous immunoglobulin therapy 83 (64.8%) 65 (59.6%) 18 (94.7%) 0.003a

Glucocorticoids usage 77 (60.2%) 60 (55%) 17 (89.5%) 0.005a

Interferon alpha atomized inhalation 120 (93.8%) 101 (92.7%) 19 (100%) 0.480
Lopinavir/ritonavir 115 (89.8%) 96 (88.1%) 19 (100%) 0.239
Favipiravir 8 (6.3%) 7 (6.4%) 1 (5.3%) 1.000
Ribavirin 54 (42.2%) 43 (39.4%) 11 (57.9%) 0.133
Oseltamivir 26 (20.3%) 21 (19.3%) 5 (26.3%) 0.692
Arbidol 40 (31.3%) 32 (29.4%) 8 (42.1%) 0.269
Combination of three or more antiviral drugs 81 (63.3%) 66 (60.6%) 15 (78.9%) 0.125
Invasive mechanical ventilation 58 (45.3%) 39 (35.8%) 19 (100%) 0.000a

Treatment timing
Time from symptoms to admission, median (IQR), d 4 (2.25−7) 4 (3−7) 4 (2−10) 0.546
Outcomes
Average virus duration, median (IQR), d 23.5 (17−32) 22 (17−30) 34 (28−42) 0.000a

Fever time, median (IQR), d 7 (5−10) 8 (5.25−10.75) 6.5 (3−9) 0.144
Duration from illness onset to radiologic recovery, median (IQR), d 8 (5−13) 8 (5−12) 16 (9−26) 0.002a

Days of intensive care unit, median (IQR), d 14.5 (10−16.75) 10 (7.5−15.5) 17 (14−30) 0.012a

Disease course, median (IQR), d 30.5 (23−38) 28 (22−35) 46 (37−53) 0.000a

Hospital stay, median (IQR), d 24 (19−33.75) 22 (17.5−30.5) 37 (32−46) 0.000a

ARDS 28 (21.9%) 17 (15.6%) 11 (57.9%) 0.000a
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Transfer to intensive care unit 26 (20.3
Dead 3 (2.3%)

aP value indicated differences between non-severe patients and severe patients. P<0

22.27–26.65). Seventy-nine (61.7%) patients were male. Eleven
(8.6%) patients had a history of smoking. Seven (5.5%) patients
had underlying lung diseases, including COPD, emphysema, and
chronic bronchitis. Fifty-three (41.4%) patients suffered from coro-
nary heart disease, hypertension, and arrhythmia. Eight (6.3%)
patients were taking ACEI/ ARB. Twenty-six (20.3%) patients suf-
fered from other underlying diseases such as diabetes, thyroid
disease, mental disease, hepatitis B, cytomegalovirus infection, and

tumor.

Of the 128 patients, 105 (82%) patients had respiratory symp-
toms and 50 (39.1%) had fever. Nine (7%) patients progressed to
respiratory failure during the course of COVID-19.

w
w
(
t

169
10 (9.2%) 16 (84.2%) 0.000a

0 (0%) 3 (15.8%) 0.003a

as considered statistically significant.

Although the counts of white blood cells (WBC), neutrophils,
nd lymphocytes of the 128 patients were in the normal range,
hey were close to the lower normal limit [WBC, 4.6 (3.75−5.75);
eutrophils, 2.83 (2.17−4.20); lymphocytes 1.08 (0.85–1.34)]. Fur-
hermore, the counts of CRP, hsCRP, IL-6, PCT and ESR also
ncreased. All patients’ CT scans of chest showed pneumonia
nvolved in an average of 6 (IQR: 5−6) lung lobes.

Eighty-three (64.8%) patients were intravenously administrated

ith human immunoglobulin. Seventy-seven (60.2%) patients
ere intravenously administrated with glucocorticoid. Eighty-one

63.3%) patients were treated with the combined regimens of
hree or more antiviral drugs, including interferon alpha inhalation,

5
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Table  2
Cumulative viral clearance rates at different time points.

Time* Cumulative virus clearance rate
of  overall patients (%) (n = 128)

Cumulative virus clearance rate
of  serious cases (%) (n = 109)

Cumulative virus clearance
rate of critical cases (%) (n = 19)

P valuea

1 weeks 0.8 (1) 0.9 (1) 0 (0) 1.000
2  weeks 13.3 (17) 13.8 (15) 10.5 (2) 0.701
3  weeks 37.5 (48) 41.3 (45) 15.8 (3) 0.041
4  weeks 62.5 (80) 68.8 (75) 26.3 (5) 0.001
5  weeks 82.8 (106) 87.2 (95) 57.9 (11) 0.002
6  weeks 95.3 (122) 98.2 (107) 78.9 (15) 0.004
7  weeks 98.4 (126) 100 (109) 89.5 (17) 0.021
8  weeks 99.2 (127) 100 (109) 94.7 (18) 0.148
9  weeks 100 (128) 100 (109) 100 (19)

* From symptom.
a P value indicated differences between non-severe patients and severe patients. P < 0.05 was considered statistically significant.

Fig. 3. Recovery rates at different age groups.
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Fig. 2. Cumulative viral clearance rates at different time points.

lopinavir/ ritonavir, favipiravir, ribavirin, oseltamivir and arbidol.
Fifty-eight (45.3%) patients had to receive invasive mechanical ven-
tilation (Fig. 1).

The average time from onset of symptoms to admission was  4
(2.25−7) days, and the average viral duration was 23.5 (17−32)
days. The average duration of fever was 7 (5−10) days. The average
time from onset of symptoms to radiologic recovery was 8 (5−13)
days. The average duration of hospitalization was  24 (19−33.75)
days. The average course of the disease was 30.5 (23−38) days.
Twenty-six (20.3%) patients were transferred to the Intensive Care
Unit (ICU), and the average time of staying in the ICU was 14.5
(10−16.75) days. Twenty-eight (21.9%) patients had ARDS, and 3
(2.3%) patients unfortunately died.

Cumulative viral clearance rate at different time points

It took 9 weeks for all patients to achieve viral clearance. As
shown in Table 2, the viral clearance rates of severe COVID-19
patients within 1, 2, 3, 4, 5, 6, 7, 8, 9 weeks were 0.8, 13.3, 37.5,
62.5, 82.8, 95.3, 98.4, 99.2, 100%, respectively. It took 7 weeks or 9
weeks for serious cases or critical cases to completely achieve viral
clearance, respectively. There were statistically significant differ-
ences in the viral clearance rate between serious cases and critical
cases within 3, 4, 5, 6 and 7 weeks, respectively. However, there was
not a statistically significant difference in the viral clearance rate
between serious cases and critical cases at the other time points
(Fig. 2).

Then patients were divided into two groups according to age.
Sixty-nine patients were included in Group A (age ≤ 60 years), and
59 patients in Group B (age > 60 years). Three patients in Group B
did not survive from COVID-19. The recovery rate was 100% (69/69)
in Group A, and 94.92% (56/59) in Group B (Fig. 3).

The cumulative viral clearance rate of different aged sub-

jects was shown in Fig. 4. It took 7 weeks or 9 weeks for
younger patients or old patients to completely achieve viral clear-
ance.

(

s

169
Fig. 4. Cumulative viral clearance rates at different time points.

actors-related to viral clearance

In order to clarify factors-related to viral clearance in severe
atients, logistics regression analysis was  used to analyze factors-
elated to early viral clearance (within 2 weeks) and late viral
learance (within 4 weeks).

As shown in Table 3, univariate logistics regression analysis
howed that having underlying pulmonary diseases, the use of
ntravenous immunoglobulin therapy, the use of glucocorticoids,
he combined regimens of three or more antiviral drugs, the use
f invasive mechanical ventilation, and time from onset of symp-
oms to admission were related to viral clearance within 2 weeks.
hen the above variables were included in the multivariate logistics
egression analysis. The results showed that the combined regi-
ens of three or more antiviral drugs (OR = 3.896, P = 0.033), the

se of invasive mechanical ventilation (OR = 8.208, P = 0.013) were
isk factors for early viral clearance, respectively. Time from onset
f symptoms to admission was associated with viral clearance, and
ate admission was  an unfavorable factor for early viral clearance

OR = 1.850, P = 0.003).

As shown in Table 4, univariate logistics regression analysis
howed that fever, PCT, the use of intravenous immunoglobulin

6
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Table  3
Univariate and multivariate analysis of influencing factors of viral clearance within 2 weeks in severe COVID-19 patients.

Univariate Multivariate

Virus clearance
within 2 weeks
(n = 16)

No virus
clearance within
2  weeks (n = 112)

P value* OR 95%CI P value*

Age 0.159
<18  yr 0 (0%) 0 (0%)
18−60  yr 6 (37.5%) 63 (56.3%)
>60  yr 10 (62.5%) 49 (43.8%)
Sex, male 8 (50%) 71 (63.4%) 0.303
Underlying pulmonary diseases 3 (18.8%) 4 (3.6%) 0.041 NS
Underlying cardiovascular diseases 9 (56.3%) 44 (39.3%) 0.198
Other underlying diseases 3 (18.8%) 23 (20.5%) 1.000
ACEI/ARB usage 0 (0%) 8 (7.1%) 0.581
Smoking history 0 (0%) 11 (9.8%) 0.404
Obesity 3 (18.8%) 18 (16.2%) 1.000
Fever  9 (56.3%) 41 (36.6%) 0.132
Respiratory symptoms 13 (81.3%) 92 (82.1%) 1.000
Other  symptoms 5 (31.3%) 55 (49.1%) 0.181
Diarrhea 0 (0%) 19 (17%) 0.159
Myalgia 2 (12.5%) 29 (25.9%) 0.242
Cough 7 (43.8%) 37 (33%) 0.399
Expectoration 9 (56.3%) 49 (43.8%) 0.347
Shortness of breath 1 (6.3%) 37 (33%) 0.057
Chest  tightness 4 (25%) 22 (19.6%) 0.868
Headache 1 (6.3%) 12 (10.7%) 0.912
Sore  throat 0 (0%) 19 (17%) 0.159
Rhinorrhoea 3 (18.8%) 11 (9.8%) 0.521
Nausea and vomiting 2 (12.5%) 7 (6.3%) 0.695
Fever,  cough, and shortness of breath 2 (12.5%) 37 (33%) 0.168
Fatigue 7 (43.8%) 37 (33%) 0.399
Respiratory failure 0 (0%) 9 (8%) 0.514
WBC  count, median (IQR), ×109/L 5.17 (4.08–7.43) 4.43 (3.53–5.65) 0.061
NEUT  count, median (IQR), ×109/L 3.52 (2.26–5.88) 2.79 (2.16–3.81) 0.118
Lymphocyte count, median (IQR), ×109/L 1.11 (0.84-1.43) 1.07 (0.85-1.34) 0.986
Anemia 2 (12.5%) 2 (1.8%) 0.076
CRP,  median (IQR), mg/L 27.15 (14.45–151.9) 42 (22.2–60.4) 0.827
hsCRP, median (IQR), mg/L 25.82 (10.60–37.13) 24.90 (10.18–46.96) 0.971
IL-6,  median (IQR), pg/mL 24.17 (8.12–38.37) 19.54 (11.21–38.96) 0.993
PCT,  median (IQR), �g/L 0.05 (0.033–0.078) 0.058 (0.038–0.084) 0.637
ESR,  median (IQR), mm/h 43.5 (15.5–57) 41 (27–60) 0.819
Numbers of affected lobes 5 (3.25–6) 6 (5–6) 0.063
Intravenous immunoglobulin therapy 5 (31.3%) 78 (69.6%) 0.003 NS
Glucocorticoids usage 5 (31.3%) 72 (64.3%) 0.012 NS
Interferon alpha inhalation 15 (93.8%) 105 (93.8%) 1.000
lopinavir/ritonavir 13 (81.3%) 102 (91.1%) 0.439
Favipiravir 2 (12.5%) 6 (5.4%) 0.581
Ribavirin 4 (25%) 50 (44.6%) 0.137
Oseltamivir 2 (12.5%) 24 (21.4%) 0.618
Arbidol 2 (12.5%) 38 (33.9%) 0.084
Combination of three or more antiviral drugsa 6 (37.5%) 75 (67%) 0.022 3.896 1.117−13.591 0.033
Invasive mechanical ventilation 2 (12.5%) 56 (50%) 0.005 8.208 1.562−43.129 0.013
Time  from symptoms to admission, median (IQR), d 2 (1−3) 4 (3−7) 0.000 1.850 1.236−2.770 0.003

tically
se of 4

d
d
v
t
w
t

D

f

* P value indicated differences between two  group. P < 0.05 was  considered statis
a The glucocorticoid used in this study is basically methylprednisolone, with a do

therapy, the use of glucocorticoids, the use of arbidol, the use of
invasive mechanical ventilation, and time from onset of symp-
toms to admission were related to viral clearance within 4weeks.
Then the above variables were included in the multivariate logis-
tics regression analysis. The results showed that the use of arbidor
(OR = 3.338, P = 0.006), the use of invasive mechanical ventilation
(OR = 3.820, P = 0.001) were risk factors for late viral clearance.
Time from onset of symptoms to admission was  associated with
viral clearance, and late admission was a risk factor for late viral
clearance (OR = 1.188, P = 0.003).

Comparison of clinical outcomes of COVID-19 patients with

different viral duration

According to the average viral duration, severe COVID-19
patients were divided into two groups: patients with long viral

w
a
1
H
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 significant.
0−80 mg for a period of 1 week or less.

uration (>23 days) and patients with short viral duration (≤23
ays). As shown in Table 5, compared with patients with short
iral duration, patients with long viral duration had longer hospi-
alization and longer course of the disease. Furthermore, patients
ith long viral duration were more likely transferred to ICU for

reatment [22 (33.8%) VS 4 (6.3%)].

iscussion

Some studies reported [6–8] that late admission is a risk factor
or viral clearance of patients with COVID-19. In the present study,

e  found that for severe COVID-19 patients, late admission was

lso a risk factor for viral clearance. So patients with severe COVID-
9 should be treated with antiviral therapy as soon as possible.
owever, it was still unclear which of regimens such as antiviral
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Table  4
Univariate and multivariate analyses of influencing factors of viral clearance within 4 weeks in severe COVID-19 patients.

Univariate Multivariate

Virus clearance
within 4 weeks
(n = 79)

No virus
clearance within
4 weeks (n = 49)

P value* OR 95%CI P value*

Age 0.379
<18  yr 0 (0%) 0 (0%)
18−60  yr 47 (57%) 24 (49%)
>60  yr 34 (43%) 25 (51%)
Sex, male 47 (59.5%) 32 (65.3%) 0.511
Underlying pulmonary diseases 4 (5.1%) 3 (6.1%) 1.000
Cardiovascular diseases 30 (38%) 23 (46.9%) 0.317
Other underlying diseases 17 (21.5%) 9 (18.4%) 0.667
ACEI/ARB usage 6 (7.6%) 2 (4.1%) 0.710
Smoking history 7 (8.9%) 4 (8.2%) 1.000
Obesity 14 (17.9%) 7 (14.3%) 0.589
Fever 37 (46.8%) 13 (26.5%) 0.022a NS
Respiratory symptoms 65 (82.3%) 40 (81.6%) 0.926
Other symptoms 39 (49.4%) 21 (42.9%) 0.473
Diarrhea 13 (16.5%) 6 (12.2%) 0.515
Myalgia 22 (27.8%) 9 (18.4%) 0.224
Cough 33 (41.8%) 11 (22.4%) 0.025a

Expectoration 34 (43%) 24 (49%) 0.512
Shortness of breath 19 (24.1%) 19 (38.8%) 0.076
Chest tightness 17 (21.5%) 9 (18.4%) 0.667
Headache 6 (7.6%) 7 (14.3%) 0.359
Sore  throat 13 (16.5%) 6 (12.2%) 0.515
Rhinorrhoea 9 (11.4%) 5 (10.2%) 0.834
Nausea and vomiting 6 (7.6%) 3 (6.1%) 1.000
Fever, cough, and shortness of breath 22 (27.8%) 17 (34.7%) 0.413
Fatigue 31 (39.2%) 13 (26.5%) 0.141
Respiratory failure 4 (5.1%) 5 (10.2%) 0.453
WBC  count, median (IQR), ×109/L 4.41 (3.53–5.72) 4.79 (3.88–5.88) 0.433
NEUT  count, median (IQR), ×109/L 2.76 (2.17−3.73) 2.96 (2.19−4.34) 0.417
Lymphocyte count, median (IQR), ×109/L 1.1 (0.83−1.48) 1.06 (0.86−1.29) 0.461
CRP,  median (IQR), mg/L 36 (12.05−58.85) 47 (26.73−64.90) 0.231
hsCRP, median (IQR), mg/L 24.5 (10.34−47.26) 28.72 (9.44−45.32) 0.565
IL-6,  median (IQR), pg/mL 18.33 (11.04−29.77) 26.95 (11.10−54.42) 0.167
PCT,  median (IQR), �g/L 0.053 (0.032−0.073) 0.063 (0.048−0.090) 0.008a NS
ESR,  median (IQR), mm/h 40 (22.5−60) 44 (29−60) 0.099
Anemia 2 (2.5%) 2 (4.1%) 0.637
Numbers of affected lobes 6 (4−6) 6 (5−6) 0.153
Intravenous immunoglobulin therapy 44 (55.7%) 39 (79.6%) 0.006a NS
Glucocorticoids usage 41 (51.9%) 36 (73.5%) 0.015a NS
Interferon alpha atomized inhalation 75 (94.9%) 45 (91.8%) 0.481
lopinavir/ritonavir 69 (87.3%) 46 (93.9%) 0.374
Favipiravir 6 (7.6%) 2 (4.1%) 0.710
Ribavirin 34 (43%) 20 (40.8%) 0.805
Oseltamivir 15 (19%) 11 (22.4%) 0.636
Arbidol 18 (22.8%) 22 (44.9%) 0.009a 3.338 1.413–7.886 0.006a

Combination of three or more antiviral drugsa 48 (60.8%) 33 (67.3%) 0.452
Invasive mechanical ventilation 26 (32.9%) 32 (65.3%) 0.000a 3.820 1.700−8.583 0.001a

Time from symptoms to admission, median (IQR), d 4 (2−6) 5 (3−9.5) 0.015a 1.188 1.06−1.33 0.003a

Abbreviations:  BMI, body mass index; WBC, white blood cell; NEUT, Neutrophils; NS, not significant.
* P value indicated differences between two group. P < 0.05 was considered statistically significant.

Table 5
Comparison of treatment outcomes between groups of different virus duration.

≤23 days (n = 63) >23days (n = 65) P value

Days of fever, median (IQR), d 7 (5−10) 8 (6−11) 0.198
Duration of radiologic recovery, median (IQR), d 8 (6−12) 9 (5−15) 0.265
Days  of ICU, median (IQR), d 13 (10−14.5) 15 (10−17) 0.439
Days  of hospitalization, median (IQR), d 19 (15−22) 32 (25.5−38) 0.000
Disease course, median (IQR), d 23 (19−28) 38 (32.5−45) 0.000

%) 

 

ARDS  13 (20.6
Transfer to intensive care unit 4 (6.3%)
Dead  0 (0%) 
therapy or adjuvant therapy could accelerate the viral clearance of
COVID-19 patients.

Arbidol, an antiviral drug to influenza virus, could specifically
inhibit the fusion of virus to the host cell membrane, and the syn-

t
c
r
s

169
15 (23.1%) 0.738
22 (33.8%) 0.000
3 (4.6%) 0.244
hesis of viral RNA [9]. Previous studies also found that arbidol
ould inhibit the replication of SARS-CoV [10]. As a result, arbidol is
ecommended to try to treat COVID-19 by National Health Commis-
ion of China. Recently, a study [11] found that the viral clearance
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Infect Dis 2020;71(15):799–806.
[9] Vankadari N. Arbidol: a potential antiviral drug for the treatment of SARS-CoV-

2  by blocking trimerization of the spike glycoprotein. Int J Antimicrob Agents
2020;56(2):105998.

[10] Khamitov RA, Loginova S, Shchukina VN, Borisevich SV, Maksimov VA, Shus-
X. Li et al. 

rate of patients treated with arbidol (16 patients) is 100% after 2
weeks of treatment course, while the viral clearance rate of those
treated with lopinavir/ ritonavir (34 patients) is only 55.9%. How-
ever, another study [12] found that the median viral duration of
patients treated with arbidol is 18 days, while the viral duration of
the control group is 16 days. So arbidol could not helpfully acceler-
ate viral clearance. This was in accordance with our results. Our
results found that arbidol was a negative factor-related to viral
clearance for patients with severe COVID-19. However, the sample
size of our study was relatively small which could lead to different
results. We  think that the role of abidor in viral clearance of patients
with severe COVID-19 should be further evaluated.

In the present study, we also found that the use of inter-
feron alpha inhalation, lopinavir/ritonavir, favipiravir, ribavirin,
and oseltamivir could not helpfully accelerate viral clearance. Pre-
vious studies also reported that the drugs above could not have
an obvious effect on improving the clinical outcome of COVID-19
cases [13,14]. As a result, it should be carefully evaluated to use the
antiviral drugs above to treat COVID-19 cases.

COVID-19 is a novel emerging disease, and there are not effec-
tive regimens to cure it worldwide to date. Thus, we tried to use
the combined regimens of different antiviral drugs to treat patients
with severe COVID-19 patients at the early epidemic of COVID-
19. Because we thought that different antiviral drugs could have
different mechanisms of action, the combined regimens of multi-
ple antiviral drugs might produce synergistic effects which could
helpfully improve clinical prognosis of COVID-19 cases. Unfortu-
nately, we found that the combined regimens of three or more
antiviral drugs could not promote viral clearance. Furthermore, it
was reported that the combined regimens of a variety of antivi-
ral drugs might increase the side-effects of drugs on patients [15].
As a result, it should be evaluated carefully and cautiously to use
the combined regimens of several antiviral drugs to treat severe
COVID-19 patients.

We also found that the use of invasive mechanical ventilation
was an independent risk factor for viral clearance which was  in
accordance with the results of Chen et al. [6]. Patients treated with
invasive mechanical ventilation had usually prolonged hospitaliza-
tion which could cause them re-infection, and the delay of viral
clearance.

In the present study, we also found that compared with patients
with short viral duration, patients with long viral duration had a
longer hospitalization and longer disease course, and were more
likely to be transferred to ICU for treatment. Therefore, it was nec-
essary to find a favorable regimen to achieve viral clearance as soon
as possible in order to shorten hospitalization, the disease course
and hinder the disease progression.

Our study also had some limitations. Firstly, the present study
was a retrospective study and lacked an effective control group.
Secondly, the present study did not determine which combined
regimens of antiviral drugs could result in the delay of viral clear-
ance. To clarify the role of antiviral drugs in viral clearance, more
randomized and controlled prospective studies are required in the
future.
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