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Aim: To analyze the possible risk factors of delayed virus clearance in hospitalized patients with coronavirus disease 2019 (COVID-19).
Methods: Retrospective analysis of patients with COVID-19 admitted to the isolation wards from our hospital from 19th Jan 2020 to
18th March 2020. We were collected patient’s data including demographic, epidemiologic, and clinical information, as well as
laboratory and radiologic findings. The possible confounding risk factors for prolonged viral RNA shedding of COVID-19 during
hospitalization were explored by univariate analysis and any variables with a p value less than 0.05 after univariate analysis were
included in a subsequent multivariate logistic regression model analysis.
Results: The 104 patients included 30 mild patients and 74 severe or critically ill patients. The median duration of viral RNA
positivity in sputum was 11 days, and the longest duration of viral RNA positivity was 49 days after admission. Multivariate analysis
shown that the used with darunavir/cobicistat treatment (odds ratio [OR]: 4.25, 95% confidence interval [CI]: 1.25–14.42, p = 0.020),
duration of fever (OR: 1.15, 95% CI: 1.03–1.30, p = 0.015) and time to radiological improvement (OR: 1.14, 95% CI: 1.01–1.30, p =
0.033) were associated with delayed clearance of SARS-CoV-2 in sputum from COVID-19 patients. Then adjusted in the multivariate
binary logistic regression analysis model in severe COVID-19 and found that critical COVID-19 patients (OR: 13.25, 95% CI: 1.45–
12.07, p = 0.022), lower virus cycle threshold (CT) values of RT-PCR (OR: 0.96, 95% CI: 0.93–0.99, p = 0.004) and used with
darunavir/cobicistat treatment (OR: 8.44, 95% CI: 2.21–32.28, p = 0.022) were associated with delayed clearance of SARS-CoV-2 in
sputum from COVID-19 patients.
Conclude: Clearance of viral RNA in sputum was delayed in severe COVID-19 patients, especially with lower virus CT value. And
antivirals with darunavir/cobicistat has little advantage in eliminating SARS-CoV-2.
Keywords: COVID-19, SARS-CoV-2, clearance, critical disease, viral load

Introduction
The coronavirus disease 2019 (COVID-19) has been controlled, however, sporadic cases are still reported in China.1–3

Meanwhile, even if imposing stringent controls and promotion of vaccination among all the world, according to WHO
reported as of 6 December, more than 2021, 265 million confirmed cases of COVID-19 and more than 5.2 million
deaths.

As we known that sputum SARS-CoV-2 viral higher load and diseases severity correlates with risk of COVID-19
progression.4–6 And viral shedding has been reported to persist 12 days in COVID-19 patients; however, viral shedding

Infection and Drug Resistance 2022:15 1971–1979 1971
© 2022 Zhao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Infection and Drug Resistance Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 12 December 2021
Accepted: 1 April 2022
Published: 20 April 2022

http://orcid.org/0000-0003-0899-2019
http://orcid.org/0000-0003-0732-1555
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


varies greatly among individuals, with the longest duration reported to be 25 days.7,8 A recent study reported no difference in
the temporal profiles of viral load in saliva samples between patients with mild and severe disease, but only 23 patients were
enrolled and the viral loads are generally higher in the lower respiratory tract.8 But there are little analyzed about the risk
factors of delayed clearance of viral RNA in sputum of patients with COVID-19.

To clarify the issue, we performed a retrospective, observational cohort study consisting of patients admitted in our center
to analyze these possible influencing factors of virus clearance in sputum or throat swabs of hospitalized COVID-19.

Patients and Methods
Patient
All patients with confirmed COVID-19 were retrospectively enrolled from 19th Jan 2020 to 18th March 2020 in our
center. COVID-19 was diagnosed with positive of severe acute respiratory syndrome- coronavirus - 2 (SARS-Cov-2)
nucleic acid on sputum specimens from the lower respiratory tract or throat swab samples after deep cough. Viral RNA
was defined as negative if absent in two consecutive tests over a 24-h interval.

Mild, severe and critically ill COVID-19 patients were defined as previously described:9Mild ill COVID-19was definedwith
the patients with clinical symptoms mild and respiratory symptoms with radiological findings of pneumonia. Severe ill COVID-
19 was defined with patients meeting any of the following criteria: Respiratory distress (≥30 breaths/min); Oxygen saturation
≤93% at rest; Arterial partial pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2) ≤ 300mmHg (1mmHg = 0.133 kPa).
Patients with chest imaging that shows obvious lesion progression within 24–48 hours >50% shall be managed as severe cases.
And critically ill COVID-19 was defined with patients with any of the following criteria: respiratory failure and requiring
mechanical ventilation, shock or with another organ failure that requires ICU care. We performed a subgroup analysis grouping
by different disease severity groups. All hospitalized participants received a standard treatment based on the New Coronavirus
Pneumonia Prevention and Control Program (7th edition).9

The study was approved by the Ethics Committee of the First Affiliated Hospital of Zhejiang University School of
Medicine (No: 2020-IIT-39) and was conducted in compliance with the “Ethical Principles for Medical Research Involving
Human Subjects” of the Helsinki Declaration. All study participants or their legal representatives provided informed consent.

SARS-CoV-2 Testing
The presence of SARS-CoV-2 viral RNA was determined using real-time polymerase chain reaction (RT-PCR), as
previously described.6 And the presence of viral RNA of SARS-Cov-2 in sputum samples was indicated by the cycle
threshold (CT) values of RT-PCR assays as previously described.4,6 The tests were performed daily in sputum or throat
swab samples after deep cough. Sputum will be tested if the patient could produce sputum, and others were tested with
throat swab samples after deep cough.

Data Collection
Data of patients diagnosed with COVID-19 admitted to the isolation wards from our hospital were collected including
demographic, epidemiologic, and clinical information, as well as laboratory and radiologic findings. All the data was reviewed
medical records and input into a prespecified electronic data sheet. Two experienced radiologists of our hospital reviewed the
chest computed tomography (CT) testing and radiographic features of chest CTwere described as lobar, unilateral, bilateral,
GGO, consolidation and interstitial changes. Two doctors reviewed the data from electronic medical record in order to ensure
concordance. Some data would be confirmed through communication with patients if the data was not clear.

Statistical Analyses
SPSS software for Windows version 26.0 (SPSS Inc, Chicago, IL) was used to analyze the data. Continuous variables were
represented as mean ± standard deviations (SD), median with inter-quartile. And nominal variables were expressed as number
(percentage). The differences between two groups of all potential factors were assessed with univariate analyses, using Chi-
square, Student’s t test or Mann–WhitneyU-test. The multivariable logistic regression analysis was performed to identify risk
factors associated with prolonged viral RNA shedding of COVID-19. The possible confounding risk factors for prolonged
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viral RNA shedding of COVID-19 during hospitalization were explored by univariate analysis and any variables with a p
value less than 0.05 after univariate analysis were included in a subsequent multivariate logistic regression model analysis.
Then, we adjusted the multivariate logistic regression analysis model including sex(male), age, history of hypertension,
diabetes, leukocyte count increased, lymphocyte decreased, creatinine increased, lower virus CT values (less than 25), time to
radiological improvement delay (longer median 9 days), treated with glucocorticoid, glycyrrhizin acid, immunoglobulins,
arbidol, lopinavir/ritonavir, darunavir/cobicistat, and favipiravir. The risk factors related to the delay of virus clearance are
represented Metanalysis Forest plot using Graph Pad Prism software (Graph Pad Software, Inc., San Diego, CA). In all
analyses, statistical significance was formed by p <0.05.

Results
The Clinical Characteristics of COVID-19 Disease Severity
The 104 patients included 30 mild patients and 74 severe or critically ill patients (Table 1). Compared to mild
patients, severe or critically ill patients were older (55.58 ± 15.98 vs 47.07 ± 13.87 years; p = 0.013), male (49.0%
vs 12.5%; p = 0.015), and more often had hypertension (31.7% vs 3.8%; p = 0.003), tachypnea (19.2% vs 6.7%; p =
0.021), and dyspnea (13.7% vs 0%; p = 0.025). The leukocyte count was higher (8.24 ± 5.01 vs 5.43 ± 3.59; p =
0.002), with fewer lymphocytes (0.77 ± 0.43 vs 1.06 ± 0.45; p = 0.002) and virus CT values (26.07 ± 5.43 vs 29.55
± 6.03; p = 0.009) in severe and critically ill patients than mild patients. Notably, the median duration of viral RNA

Table 1 Demographic and Clinical Characteristics of COVID-19 Patients in Different Disease Severity Groups

Variables Mild Group
(N = 30)

Severe or Critical Group
(N = 74)

p-value

Demographics
Age (years) 47.07 ± 13.87 55.58 ± 15.98 0.013
Sex (male%) 13 (12.5%) 51 (49.0%) 0.015

BMI (kg/m2) 23.74 ± 3.36 24.43 ± 3.61 0.375

Comorbidities
Hypertension 4 (3.8%) 33 (31.7%) 0.003

Diabetes 3 (2.9%) 8 (7.7%) 0.903

Coronary heart disease 3 (2.9%) 3 (2.9%) 0.475
Liver diseases♀ 3 (2.9%) 14 17.3%) 0.210

Symptoms
Fever 22 (21.2%) 61 (51.7%) 0.295
Cough 18 (17.3%) 43 (41.3%) 0.859

Expectoration 11 (10.6%) 18 (17.3%) 0.203

Tachypnea 2 (6.7%) 20 (19.2%) 0.021
Dyspnea& 0 13 (13.7%) 0.025

Experience tests
Leukocyte count (109 /L) 5.43 ± 3.59 8.24 ± 5.01 0.002
Lymphocyte (109 /L) 1.06 ± 0.45 0.77 ± 0.43 0.003

Virus CT values 29.55 ± 6.03 26.07 ± 5.43 0.009

Antivirals
Arbidol 27 (26.0%) 68 (65.4%) 0.759

Lopinavir/ritonavir 25 (24.0%) 55 (52.9%) 0.323

Darunavir/cobicistat 11 (10.9%) 28 (27.7%) 0.929
Favipiravir 4 (4.3%) 14 (14.9%) 0.498

Duration of fever (days) 5 (2–8) 7 (4–10) 0.013

Duration of viral RNA positive in sputum (days) 7 (5–14) 12 (8–20) 0.003
Time to radiological improvement (days) 9 (5–13) 10 (7–13) 0.190

Notes: ♀liver disease, including chronic hepatitis B and non-alcoholic fatty liver disease and: oxygen saturation < 93%. Data are expressed as the mean ± standard deviation,
median (Q1–Q3) or number (percent). Comparisons between groups were performed using one-way ANOVA, the Mann–Whitney U-test, or a chi-squared test.
Abbreviations: BMI, body mass index; CHD, coronary heart disease; CT values, cycle threshold values of RT-PCR; Diabetes, diabetes mellitus requiring treatment.
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positivity in sputum was 11 days in all COVID-19 patients. The longest duration of viral RNA positivity was 49
days after admission. The mean duration of viral RNA positivity in sputum or throat swab samples was much longer
in severe or critically ill patients than mild patients (median: 12.0 vs 7 days; p = 0.003). Delayed clearance of
SARS-CoV-2 was defined as the time of viral RNA in sputum of COVID-19 patients > 11 days (Table 1).

The Clinical Characteristics of Delayed Clearance of SARS-CoV-2
As shown in Table 2, the patients with delayed clearance of SARS-CoV-2 were elderly patients (56.80 ± 17.46 VS 49.83 ±
13.64, p = 0.028), male (72.9% vs 51.8%, p = 0.028), with critical COVID-19 (27.1% vs 1.8%, p = 0.001), used with
favipiravir (30.2% vs 9.8%, p = 0.012), little used with darunavir/cobicistat (13.9% vs 25.5%, p = 0.003), used immunoglo-
bulin (60.4% vs 37.5%, p = 0.020) compared in patients without delayed clearance of SARS-CoV-2. Meanwhile, the duration
of temperature fever (median: 8 vs 5 days, p < 0.001) and time to radiological improvement were significant prolonged
(median: 13 vs 8 days, p < 0.001).

Among experience tests for COVID-19 patients with SARS-CoV-2 delayed clearance, the leukocyte count (median:
7.8 vs 5.2, p = 0.011), neutrophil count (median: 5. 6 vs 3.6, p = 0.032) and creatinine (median: 79 vs 21, p = 0.030) were
increased and lymphocyte (median: 0.6 vs 0.9, p = 0.001), virus CT values (24.91 ± 5.11 vs 29.30 ± 5.65, p < 0.001)
(Supplemental Table 1 and Figure 1).

Table 2 Characteristics of Patients with or without Delayed Clearance of SARS-CoV-2 in COVID-19 Patients

Variables With Delayed Clearance
(N = 48)

Without Delayed
Clearance (N = 56)

p-value

Demographics
Age (years) 56.80 ± 17.46 49.83 ± 13.64 0.028
Sex (male%) 35 (72.9%) 29 (51.8%) 0.027

BMI (kg/m2) 23.74 ± 3.36 24.43 ± 3.61 0.375

Comorbidities
Hypertension 18 (37.5%) 19 (33.9%) 0.704

Diabetes 5 (10.4%) 6 (10.7%) 0.961

Coronary heart disease 4 (2.98.3%) 2 (3.6%) 0.297
Liver diseases♀ 8 (18.8%) 9 (16.1%) 0.719

Disease severity < 0.001

Mild 9 (18.8%) 21 (37.5%)
Severe 26 (54.2%) 21 (60.7%)

Critical 13 (27.1%) 1 (1.8%)

Treatments hospitalization
Arbidol 46 (95.8%) 49 (87.5%) 0.132

Lopinavir/ritonavir 34 (70.8%) 46 (82.1%) 0.172

Darunavir/cobicistat 25 (13.9%) 14 (25.5%) 0.003
Favipiravir 13 (30.2%) 5 (9.8%) 0.012

Used glucocorticoid 40 (97.6%) 41 (97.6%) 0.986

Used immunoglobulin 29 (60.4%) 21 (37.5%) 0.020
Used glycyrrhizin acid& 12 (25.0%) 16 (28.6%) 0.682

Duration of temperature fever (days) 8 (6–13) 5 (2–7) < 0.001

Time to radiological improvement (days) 13 (9–16) 8 (5–12) < 0.001

Notes: ♀Liver disease, including chronic hepatitis B and non-alcoholic fatty liver disease. &Including compound glycyrrhizin acid diamine and compound glycyrrhizin
monoamine. Data are expressed as the mean ± standard deviation, median (Q1–Q3) or number (percent). Comparisons between groups were performed using one-way
ANOVA, the Mann–Whitney U-test, or a chi-squared test. Diabetes: diabetes mellitus requiring treatment. IVIG: intravenous immunoglobulin.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CHD, coronary heart disease; CRP,
C-reactive protein; CT values, cycle threshold values of RT-PCR; Diabetes, diabetes mellitus requiring treatment; GGT, γ-glutamyltransferase; HBV, hepatitis B virus; INR,
international normalized ratio; LDH, lactate dehydrogenase; PCT, procalcitonin;
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Susceptibility Factors Associated With Delayed Clearance of SARS-CoV-2
Univariate analysis showed that the elderly (p = 0.032), male patients (p = 0.029), critical COVID-19 patients (p =
0.004), elevated leukocyte count (p = 0.008), lymphocytopenia (p = 0.010), lower virus CT value (p = 0.004) delayed
time to radiologic improvement, and used with darunavir/cobicistat and favipiravir treatment had delayed clearance of
SARS-CoV-2 in sputum (Table 3). Meanwhile, duration of temperature fever (p = 0.001) and time to radiological
improvement (p < 0.001) were associated with delayed clearance of SARS-CoV-2 in sputum from COVID-19 patients
(Figure 2A). Based on multivariate analysis shown that the used with darunavir/cobicistat treatment (odds ratio [OR]:
4.25, 95% confidence interval [CI]: 1.25–14.42, p = 0.020), duration of fever (OR: 1.15, 95% CI: 1.03–1.30, p = 0.015)
and time to radiological improvement (OR: 1.14, 95% CI: 1.01–1.30, p = 0.033) were associated with delayed clearance
of SARS-CoV-2 in sputum from COVID-19 patients (Table 3 and Figure 2B). Then adjusted in the multivariate binary

Figure 1 Comparison of experience tests in COVID-19 patients with or without delayed clearance of SARS-CoV-2 during hospitalization. (A) The leukocyte count
increased significantly (p = 0.011) in the group with delayed virus clearance. (B) The neutrophil count increased significantly (p = 0.032) in the group with delayed virus
clearance. (C) The lymphocyte decreased significantly (p = 0.001) in the group with delayed virus clearance. (D) The virus CT values decreased significantly (p = 0.030) in the
group with delayed virus clearance. (E) The levels of creatinine increased significantly (p = 0.030) in the group with delayed virus clearance. (F) The difference between the
two groups were not significant (p = 0.141) in serum bilirubin.
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logistic regression analysis model and found that critical COVID-19 patients (OR: 10.39, 95% CI: 1.08–99.78, p =
0.042), lower virus cycle threshold (CT) values of RT-PCR (OR: 0.30, 95% CI: 0.10–0.94, p = 0.039) and used with
darunavir/cobicistat treatment (OR:4.92, 95% CI: 1.56–16.55, p = 0.007) were associated with delayed clearance of
SARS-CoV-2 in sputum from COVID-19 patients (Supplemental Table 2).

Table 3 Susceptibility Risk Factors Associated with Delayed Clearance of SARS-CoV-2 in Sputum

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) p-value OR (95% CI) p-value

Age (years) 1.03 (1.003–1.06) 0.032 - -

Sex (male) 2.51 (1.10–5.72) 0.029 - -
Classification of COVID-19 3.42 (1.66–7.04) 0.001

Mild 0.39 (0.16–0.95) 0.038 - -

Critical 20.43 (2.56–163.13) 0.004 - -
Experience tests
Leukocyte count (109 /L) 1.14 (1.03–1.25) 0.008

Lymphocyte (109 /L) 0.27 (0.10–0.73) 0.010 - -
Creatinine (μmol/L) 1.02 (0.999–1.04) 0.062 - -

Virus CT values 0.86 (0.79–0.94) 0.001 - -

Treatments during hospitalization
Darunavir/cobicistat 3.49 (1.51–8.07) 0.004 4.25 (1.25–14.42) 0.020

Favipiravir 3.99 (1.29–12.33) 0.016 - -

Immunoglobulin 2.54 (1.52–5.61) 0.021
Duration of temperature fever
(days)

1.20 (1.08–1.33) 0.001 1.15 (1.03–1.30) 0.015

Time to radiological
improvement (days)

1.22 (1.10–1.35) < 0.001 1.14 (1.01–1.30) 0.033

Notes: Statistical analysis was performed using univariate analysis and multivariable logistic regression analysis. For delayed clearance of SARS-CoV-2 in sputum, the variables
entered into the multivariate analysis were years, sex, critical COVID-19, leukocyte count, lymphocytopenia, virus CT value, treatment with darunavir/cobicistat, treatment
with favipiravir, treatment with IVIG, duration of fever and time for radiological improvement.
Abbreviations: CI, confidence interval; COVID-19, coronavirus disease 2019. IVIG, intravenous immunoglobulin; OR, odds ratio; Virus CT values, the cycle threshold
values of RT-PCR assays.

Figure 2 Used univariate analysis and multivariate analysis for susceptibility factors associated with delayed clearance of SARS-CoV-2 during hospitalization. (A) Univariate
analysis for susceptibility factors associated with delayed clearance of SARS-CoV-2 during hospitalization; (B) multivariate analysis for susceptibility factors associated with
delayed clearance of SARS-CoV-2 during hospitalization.
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Discussion
In the study, we found that the severity of diseases, higher level of virus copies was associated with virus clearance. And
used antivirals with darunavir/cobicistat has little advantage in eliminating SARS-CoV-2. We did not find coronary heart
disease (HR 0.619, 95% CI 0.411–0.933; p = 0.022), albumin levels (HR 1.027, 95% CI 1.005–1.049; p = 0.014)
associated with SARS-CoV-2 RNA shedding.10 Actually, patients with coronary heart disease and decreased albumin
levels mean the servers of disease.10,11 Some reports supported that severity of disease was associated with the duration
of fever and time to radiological improvement.12 As professor B Recalde-Zamacona et al descripted that chronic
rhinosinusitis is associated with prolonged SARS-CoV-2 RNA shedding in upper respiratory tract samples.13 Although
we analyzed the impact of common clinical concomitant diseases on SARS-CoV-2 RNA shedding, but other diseases,
such as chronic rhinosinusitis, asymptomatic immunocompromised individual with cancer et al should be further
observation and follow-up.4,14

In agreement with a recent study, we report a considerable proportion of patients with detectable viral RNA in sputum
or throat swabs > 20 days after admission (longest duration = 49 days). Although it was not ascertained that these patients
were shedding live virus, they were isolated until viral RNA was undetectable. Indeed, if such a long viral shedding
duration existed, it would be a challenge to establish isolation strategies (suspected cases were isolated for 14 days) for
the public.9

Another finding was that the persistence of sputum viral RNAwas closely related to disease severity and the virus CT
value on admission, although the absence of viral RNA in sputum was correlated with a delay in radiologic improvement.
As we know that lower virus CT value means the higher copy of virus. Actually, radiologic improvement was in
accordance with the severity of COVID-19 and delayed in patients with persistent viral RNA.15,16 Therefore, the absence
of viral RNA was in accordance with the critically ill patients. It is likely that the failure to clear the virus promptly
contributes to disease progression and the exacerbation of the disease itself hinders viral clearance, resulting in a vicious
circle.

Finally, we observed that the virus clearance time of COVID-19 patients treated with darunavir/cobicistat was
prolonged. As reported by Chen et al, 5 days of darunavir/cobicistat did not increase the proportion of negative
conversion compared with standard care alone.17 It is quite possible that darunavir/cobicistat may not match
potential targets in the four main viral proteins of SARS-CoV-2. In vitro data with normal oral administration of
darunavir/cobicistat did not exhibit significant anti-SARS-CoV-2 activity.18 We observed that the virus clearance
of COVID-19 patients with darunavir/cobicistat was prolonged, as the same with the reported form doctor
Augusto Di Castelnuovo et al.19 In this study, there were no statistical differences between the two groups that
were treated and not treated with darunavir/cobicistat with respect to disease severity and other confounders. Our
study was a single center retrospective observational study. Therefore, whether there is a causal relationship needs
further RCT studies.

In conclusion, we found that clearance of viral RNA in sputum was delayed in severe COVID-19 patients, especially
with lower virus CT value. And antivirals with darunavir/cobicistat has little advantage in eliminating SARS-CoV-2.

Abbreviations
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index;
CHD, coronary heart disease; CI, confidence interval; COVID-19, coronavirus disease 2019; Diabetes, diabetes mellitus
requiring treatment; OR, odds ratio; CRP, C-reactive protein; GGT, γ-glutamyltransferase; INR, international normalized
ratio; LDH, lactate dehydrogenase; IVIG, intravenous immunoglobulin; OR, odds ratio; PCT, procalcitonin; RT-PCR,
real-time polymerase chain reaction; SARS-Cov-2, acute respiratory syndrome-coronavirus-2; viral CT values, cycle
threshold values of RT-PCR.
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