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1 | INTRODUCTION

Abstract

To investigate the factors associated with the duration of severe acute respiratory
syndrome coronavirus 2 RNA shedding in patients with coronavirus disease 2019
(COVID-19). A retrospective cohort of COVID-19 patients admitted to a designated
hospital in Beijing was analyzed to study the factors affecting the duration of viral
shedding. The median duration of viral shedding was 11 days (IQR, 8-14.3 days) as
measured from illness onset. Univariate regression analysis showed that disease
severity, corticosteroid therapy, fever (temperature>38.5°C), and time from onset to
hospitalization were associated with prolonged duration of viral shedding (P <.05).
Multivariate regression analysis showed that fever (temperature>38.5°C) (OR, 5.1, 95%
Cl: 1.5-18.1), corticosteroid therapy (OR, 6.3, 95%Cl: 1.5-27.8), and time from onset to
hospitalization (OR, 1.8, 95%Cl: 1.19-2.7) were associated with increased odds of
prolonged duration of viral shedding. Corticosteroid treatment, fever (temperature>
38.5°C), and longer time from onset to hospitalization were associated with prolonged
viral shedding in COVID-19 patients.

KEYWORDS

coronavirus, COVID-19, duration of viral shedding

results of our analysis on the DVS in a retrospective cohort of COVID-19
patients in Beijing, China. We aim to determine the risk factors affecting

Coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has attracted world-
wide attention since January 2020. According to the World Health
Organization, as of 16 June 2020, almost 8 million people throughout the
world have been infected with COVID-19. Due to the global outbreak of
coronavirus infection, a comprehensive understanding of the natural
course of infection and the potential period of infection is very important
in preventing the further spread of this novel coronavirus. Studies on the
epidemiology, clinical characteristics and risk factors for mortality of
COVID-19 have been carried out, of which, results on the duration of
viral shedding (DVS) vary, and the factors affecting the time of persistent

positive nucleic acid have not been reported. Here, we describe the

the period of virus positivity, especially the effect of controversial
corticosteroid therapy on the viral shedding time, to provide evidence-
based medicine for the treatment of COVID-19.

2 | PATIENTS AND METHODS
2.1 | Study design and participants
This retrospective cohort study included 101 consecutive

patients with COVID-19 who were hospitalized in Beijing YouAn
Hospital from 21 January to 15 March 2020. The diagnosis of
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COVID-19 was required to fulfill the criteria of the WHO interim

guidance.?

2.2 | Ethical approval

The study was approved by the Ethics Committee of Beijing YouAn
Hospital, Capital Medical University-2020-31, and the requirement
for informed consent was waived by the Ethics Committee.

2.3 | Data collection

Patient data concerning the recent history of epidemiological
exposure, clinical symptoms or signs, treatment regimen, and all
laboratory results during hospitalization were collected using
electronic medical records. Laboratory indicators included routine
blood test, blood chemical analysis, coagulation index, C-reactive
protein, procalcitonin, and creatine kinase. Patients were followed up
for 2 weeks, and the results of detectable nucleic acid during

hospitalization and after 2 weeks of follow-up were obtained.

2.4 | Definitions

The DVS is defined as the time from illness onset to successive
negative detection of SARS-CoV-2 RNA.?® The end of viral shedding
was determined by at least two consecutive negative throat-swab
samples by real-time polymerase chain reaction (RT-PCR) analysis
and if all patients were still negative after 2 weeks of follow-up.
Disease severity is defined as follows: (a) general: only mild
symptoms, with or without fever, and imaging shows pneumonia. (b)
severe: if any of the following criteria are met: (a) respiratory dis-
tress, respiratory rate more than equal to 30 beats/minute; (b) in the
resting state, means oxygen saturation less and equal to 93%; (c)
arterial blood oxygen partial pressure/oxygen concentration less
than equal to 300 mm Hg (1 mm Hg =0.133kPa). Chest imaging
showed that the lesions progressed more than 50% within 24 to
48 hours, and the patients were managed according to general cases.
(a) critical, if one of the following conditions was present: (a) re-
spiratory failure requiring mechanical ventilation; (b) the presence of
shock; (c) ICU admission is required for multiple organ failure.

2.5 | Statistical analysis

The patients were divided into two groups according to the DVS:
patients with a long DVS (>median days) and patients with a short
DVS (<median days), and we chose the variables with significant
differences between the two groups to conduct a multivariate logistic
regression model. As there were too few dependent variables in our
study, to avoid overfitting the model, according to previous research

results and clinical constraints, five variables that were most likely to
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affect DVS were selected for multivariate analysis. A two-sided a of
less than ‘05 was considered statistically significant. All statistical
analyses were performed using the Statistical Package for Social
Sciences ver. 23.0 (SPSS, Chicago, IL).

3 | RESULTS

3.1 | Demographic and clinical characteristics of the
patients in this study

A total of 101 patients were diagnosed with COVID-19 during the
study period. Of these, three patients whose viral nucleic acid was
still detected before death during hospitalization were excluded.
Nine patients without a definite time of virus shedding were also
excluded. To ensure the accuracy of the time of onset, patients under
18 years old (n = 6) and patients whose time from onset to hospita-
lization was more than 7 days (n = 17) were excluded. The remaining
66 patients were included in the data analysis (Figure 1). The median
age of these 66 patients was 47.5 years (IQR, 36-63.5 years) and
39.4% of the enrolled patients were female (Table 1).

3.2 | Duration of viral shedding

The median DVS was 11 days (IQR, 8-14.3 days), and the DVS in
35 patients was more than 11 days. The median age of the patients in
the short DVS group was 46 years, which was significantly lower than
that in the long DVS group (59 years, P =.042); 25.7% of patients in
the short DVS group had a fever, while 61.3% of patients in the long
DVS group had a fever, the difference between the two groups was
statistically significant (P =.004). The number of general, severe, and
critical cases in the short DVS group was 30, 4, and 1, respectively,
and was 16, 7, and 8, respectively, in long DVS group (P=.004)
(Table 1). The DVS in the general, severe and critical patient groups
was 9.5 days (IQR, 8-13), 12 days (IQR, 9-19), and 17 days (IQR, 13.5-
18.5), respectively, with significant differences between the groups
(P =.004). The time from onset to hospitalization in the short DVS
group was shorter than that in the long DVS group (4 vs 5 days,
P =.008). The median time from illness onset to discharge was 13.0
days (IQR, 10.0-16.0) in the short DVS group, and was 17.0 days
(IQR, 12.5-18.0) in the long DVS group (P =.040). The proportion of
patients treated with corticosteroid therapy in the long DVS group
was significantly higher than that in the short DVS group (41.9% vs
11.4%; P =.005). Similarly, the number of patients admitted to the
ICU in the long DVS group was also significantly higher than that in
the short DVS group (16.1% vs 0%; P =.045).

3.3 | Factors associated with DVS

Univariate regression analysis showed that disease severity, corti-

costeroid therapy, fever, and the time from onset to hospitalization
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Patients diagnosed with COVID-19 (n=101)

FIGURE 1 Patient screening and
enrollment process. COVID-19, coronavirus

v

disease 2019
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Patients with persistent positive nucleic acid test and still being treated in hospital (n=3)
Patients whose viral nucleic acid was still detected before death during hospitalization (n=3)
Patients who are unable to determine the time when the virus becomes negative (n=2)
Patients whose virus test turned negative and then turned positive again (n=2)
Patients without continuous virus testing due to severe underlying diseases (n=2)

v

COVID-19 patients with definite time of virus shedding (n=89)

v

Excluded
Patients under 18 years old (n=6)

Patients whose time from onset to hospitalization is more than 7 days (n=17)

v

Patients included in the study (n=66)

were associated with a long DVS (Table 2). When the above variables
were included in the multivariate logistic regression model, it was
found that fever (temperature >38.5°C) (OR, 5.1, 95%Cl: 1.5-18.1),
corticosteroid therapy (OR, 6.3, 95%Cl: 1.5-27.8), and the time from
onset to hospitalization (OR, 1.8, 95%Cl: 1.19-2.7) were associated
with increased odds of a long DVS (P <.05). We further analyzed the
relationship between the maximum body temperature and DVS and
found that DVS was gradually prolonged with increased maximum
body temperature (Figure 2). Maximum body temperature was
divided into three groups: less than 37.3°C, 37.3 to 38.5°C, and more
than equal to 38.5°C, and the DVS in each group was shown to be
9 days (IQR, 7-11), 11 days (IQR, 7-13), and 12.5 days (IQR, 9-17),
respectively, (P =.046).

Patients who were treated with corticosteroids were found to
have a 6.3-fold increased risk of a long DVS, independent of their age,
maximum body temperature, time from onset to hospitalization, and
disease severity (Table 2). The corticosteroid therapy effect may be
dose-dependent and may vary according to the time of initiation;
therefore, subgroup analysis of the following stratified groups was
carried out: patients who received high-dose corticosteroid therapy
(total dose of >300mg methylprednisolone) and patients who
received low-dose corticosteroid therapy (total dose <300mg
methylprednisolone). However, a statistically significant difference in
the DVS between the two dose groups was not found (15.5 vs
16 days, P > .05) (Figure 3). The detectability (percentage of patients) of
SARS-CoV-2 RNA in patients treated with and without corticosteroids
across time is depicted in Figure 1. The median DVS in the corticos-
teroid treated and the untreated group was 16 days (IQR, 11.5-18.5
days) and 10 days (IQR, 8-13 days), respectively, (P=.000). The
cumulative proportion of patients with the undetectable virus at 6 to 8,
9 to 11, 12 to 14, 15 to 17 and 18 to 20 days from illness onset in

the untreated group were 29.1%, 59.6%, 86.0%, 95.9%, and 98%,
respectively, significantly higher than those in the corticosteroid treated

group (Figure 4).

4 | DISCUSSION

This retrospective study describes the DVS in COVID-19 patients
whose nucleic acid test was still negative after 2 weeks follow-up,
and the median DVS in these patients was 11 days (IQR, 8-14.3)
(Table 1). In this study, the risk factors associated with prolonged
DVS in adults who were hospitalized within 7 days of illness onset
were investigated. It was found that severe/critical disease, corti-
costeroid therapy, fever, and shorter time from onset to hospitali-
zation were associated with higher odds of a long DVS (Table 2).
Multivariate regression analysis showed that fever, corticosteroid
therapy, and time from onset to hospitalization were independent
risk factors for a long DVS in COVID-19 patients. Further analysis
showed that the DVS was gradually prolonged with increased max-
imum body temperature (Figure 2).

Recently, a retrospective study of COVID-19 patients in
Wuhan” showed that the median DVS was 20.0 days (IQR, 17.0-
24.0) in survivors, which was significantly longer than that in our
patients, the reason for this result may be due to the heterogeneity
of patients in the two studies. Outside Wuhan, the results of a
study® from Beijing showed that the viral load in throat swabs and
sputum of two COVID-19 patients peaked about 6 days after the
onset of symptoms, and the virus could not be detected on the 9th
and 12th day after onset, respectively. The results of this study are
consistent with the DVS in patients included in our study. A ret-

rospective study® from Shanghai, China showed that the median
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TABLE 1 Clinical characteristics of COVID-19 patients with different duration of viral shedding

Total (n=66) DVS=<11d (n=35) DVS>11d (n=31) P
Demographics and clinical characteristics
Age, y 47.5 (36-63.5) 46 (31-60) 59 (39-67) .042
Female 26 (39.39%) 10 (28.6%) 16 (51.6%) .056
Smoker 4 (6.1%) 2 (5.7%) 2 (6.5%) .900
Comorbidity
Hypertension 19 (28.79) 7 (20%) 12 (38.7%) .094
Diabetes 6 (9.09%) 3 (8.6%) 3 (9.7%) .876
Cerebrovascular diseases 8 (12.12%) 4 (11.4%) 4 (12.9%) .855
Chronic obstructive lung disease 2 (3.03%) 0 (0%) 2 (6.5%) 217
Chronic kidney disease 1 (1.51%) 1 (2.9%) 0 (0%) 1.000
Chronic liver disease 6 (9.09%) 2 (5.7%) 4 (12.9%) 559
Carcinoma 3 (4.55%) 1 (2.9%) 2 (6.5%) 914
T max (temperature>38.5°C) 28 (42.42%) 9 (25.7%) 19 (61.3%) .004
Disease severity .004

General
Severe
Critical

Time from onset to hospitalization, d

Laboratory findings

White blood cell count, x10%/L
Lymphocyte count, x10%/L
Hemoglobin, g/L
Anemia
Platelet count, x10%/L
Prothrombin time, s
ALT, U/L
AST, U/L
Albumin, g/L
Creatine kinase, U/L
Creatinine, umol/L
C-reactive protein, mg/L

Procalcitonin, ng/mL

Treatments
Antibiotics
Antiviral treatment
TCM treatment
Corticosteroids
Oxygen support therapy

Noninvasive mechanical ventilation
Invasive mechanical ventilation
ECMO

Outcomes
ARDS
Septic shock
Acute cardiac injury
Acute kidney injury
Acute liver injury
Secondary infection

ICU admission

46 (69.69%)
11 (16.67%)
9 (13.63%)

4 (3-5)

4.11 (3.445-5.66)
1.1 (0.76-1.5)

137.5 (124.75-144.25)

7 (10.61%)

178 (148.75-219.5)

12.6 (11.9-13.1)
28 (21-46.25)
29.5 (20.75-42)

37.15 (33.675-39.8)

70 (46-116)

63.5 (54.5-77.25)
13.6 (2.6-28.65)
0.11 (0.1-0.14)

7 (10.61%)
40 (60.61%)
58 (87.88%)
17 (25.76%)
62 (93.94%)

3 (4.55%)
3 (4.55%)
2(3.03%)

7 (10.61)

4 (6.06%)

4 (6.06%)

3 (4.55%)
23 (34.85%)
7 (10.61%)
5(7.57)

30 (85.7%)
4 (11.4%)
1 (2.9%)

4 (2-5)

3.95 (3.455.42)
1.2 (0.77-1.49)
133 (123-142)
4 (11.4%)

190 (148-257)
12.4 (11.9-13)
28 (19-46)

29 (19-41)
37.4 (34-39.3)

60.5 (45.75-98.75)

61 (53-74)
14 (2.3-26.3)
0.12 (0.1-0.14)

1 (2.9%)
23 (65.7%)
30 (88.2%)
4 (11.4%)
33 (94.3%)
0 (0%)

0 (0%)

0 (0%)

16 (51.6%)
7 (22.6%)
8 (25.8%)

5 (4-6)

4.26 (3.43-6.49)
0.99 (0.75-1.53)
141 (133-152)
3 (9.7%)

168 (151-209)
12.7 (12-13.2)
28 (23-52)

30 (23-50)

36.7 (32-41)

87 (46-142)

66 (58-78)

13.5 (3.2-51.1)
0.11 (0.1-0.14)

6 (19.4%)
17 (54.8%)
28 (93.3%)
13 (41.9%)
9 (93.5%)
3 (9.7%)
3 (9.7%)
2 (6.5%)

5(16.1%)
4 (12.9%)
4 (12.9%)
3 (9.7%)
13 (41.9%)
6 (19.4%)
5(16.1%)

.008

379
181
041
.817
.107
541
252
.289
.959
219
452
.396
916

076
.367
.788
.005
.900

196
196
420

.332
094
094
196
255
076
.045

(Continues)
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TABLE 1 (Continued)
Total (n = 66) DVS=11d (n=35) DVS>11d (n=31) P
Death 2 (3.03%) 0 (0%) 2 (6.5%) 420
Hospital length of stay, d 15 (10.25-18) 13 (10-16) 17 (12.5-18) .040

Abbreviations: ALT, alanine aminotransferase; ARDS, adult respiratory distress syndrome; AST, aspartate transaminase; COVID-19, coronavirus disease
2019; DVS, duration of viral shedding; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit.

time from the onset of symptoms to the first negative RT-PCR
results for oropharyngeal swabs in convalescing patients was 9.5
(6.0-11.0) days. Another retrospective study’ from Guangdong,
China showed that the median DVS in 84 COVID-19 patients was
15 days, and the patients included in the study were not required to
be hospitalized within 1 week after onset and followed up for
2 weeks. Thus, it can be seen that the DVS in COVID-19 patients in
existing research results is quite different, and is considered to be
related to the heterogeneity of the study population, and different
medical conditions in the study area.

At present, COVID-19 is spreading rapidly in many countries
around the world. It is of great significance to understand the period
of infection to control the pandemic. The present study found that
the factors influencing the time of nucleic acid shedding were age,
disease severity, the time from onset to hospitalization, maximum
body temperature, and corticosteroid therapy. A recent study’ on
factors associated with prolonged viral RNA shedding in patients
with COVID-19 showed that invasive mechanical ventilation was an
independent risk factor for prolonged SARS-CoV-2 RNA shedding,
which indirectly reflects the severity of illness and could affect nu-
cleic acid clearance, which is consistent with our study findings.
However, multivariate regression analysis did not identify disease
severity as a factor influencing the DVS. This result may be attributed
to the fact that the patients in this study had mainly mild disease and

the sample size was small.

The results of this study suggested that the higher the COVID-19
patient's temperature, the longer the patient showed persistent posi-
tive nucleic acid. This result is consistent with a retrospective study® in
children with COVID 19, which also showed that prolonged DVS in
children with COVID-19 was associated with fever. We consider that
the patient's temperature is related to the inflammatory response
caused by the host immune response. However, cytokine levels in our
patients were not determined; thus, the cause of prolonged viral
clearance associated with high fever is unclear.

The administration of corticosteroids in the treatment of viral
pneumonia is controversial. Although, some western scholars’
have suggested that there are no clinical data to indicate that a net
benefit is derived from corticosteroids in the treatment of
respiratory infection due to respiratory syncytial virus, influenza,
SARS-CoV, or Middle East respiratory syndrome coronavirus
(MERS-CoV). However, Current studies’®'' have demonstrated
that appropriate use of low-dose corticosteroids may have survival
advantages in critically ill patients with COVID-19. On the other
hand, many studies’>'° have shown that corticosteroid therapy
can prolong the shedding time of SARS, MERS, and influenza virus,
but there are few studies on COVID-19. In the present study, it
was shown that corticosteroid therapy can delay the shedding time
of SARS-CoV-2 RNA, which was similar to another recent study on
the shedding time of nucleic acid in patients with COVID-19.° In

terms of the dose of corticosteroid therapy, we did not find a

TABLE 2 Risk factors associated with

prolonged duration of viral shedding in
coronavirus disease 2019 patients

Univariate Multivariate
Variables OR (95% Cl) P OR (95% Cl) P
Age* 1.03 (0.99-1.06) .054
Disease severity
General ref
Severe 3.3 (0.8-12.9) .089
Critical 14.9 (1.7-130.8) .014

Corticosteroid

No ref

Yes 5.6 (1.6-19.8) .007
T max (temperature)

<38.5°C ref

>38.5°C 4.6 (1.6-13.0) .004
Time from onset to hospitalization®, d 1.5 (1.1-2.0) .012

*continuous variable

ref
6.3 (1.5-27.8) 014

ref
5.1 (1.5-18.1) .011

1.8 (1.19-2.7) .005
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difference in the nucleic acid shedding time between the high dose
and low dose groups (Figure 3). A retrospective study’® adjusted
for baseline and time-varying confounders also found that early
initiation of corticosteroid therapy, but not the dose, was asso-
ciated with delayed MERS-CoV RNA clearance. But, in patients
infected with H7N9 avian influenza, the detectable time of influ-
enza virus nucleic acid in respiratory tract samples was prolonged
when the daily dose of methylprednisolone was more than
150 mg.'* Thus, the association between the dose and time of
initiation of corticosteroid therapy and the DVS in COVID-19
patients requires further study. Also, the DVS was strongly related
to the host immune status in immunocompromised patients with
influenza A. In immunocompromised patients, the shedding time of
influenza A virus was prolonged,'® and it was speculated that
corticosteroid therapy will affect the immune status of patients,
and then affect the virus shedding time.

Our study has some limitations. First, there may be a certain bias
in the results of this study as the sample size was small and the
number of critically ill patients was low. Second, we only analyzed
nucleic acid in throat swabs, and not in blood, sputum, feces, or anal
swabs. However, it has been reported’’*® that the duration of
nucleic acid in sputum or feces is longer than that in throat swabs.
Third, there are only qualitative results of nucleic acid detection in
this study, but the persistent positivity of SARS-CoV-2 RNA does not

necessarily indicate persistent shedding of live virus.

5 | CONCLUSION

This study demonstrated that corticosteroid treatment, fever, and
longer time from onset to hospitalization were associated with pro-
longed duration of viral shedding in COVID-19 patients. Therefore,
patients with COVID-19 should be hospitalized promptly and the

indications for corticosteroid therapy strictly controlled.
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