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Abstract

Background: The duration of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA positivity will be
important to prevent the spread of coronavirus disease 2019 (COVID-19). A systematic review and meta-analysis
were conducted following PRISMA to determine the duration from several parts of the body and clinical
characteristics affecting it.

Main text: PubMed, Web of Science, Scopus, and CENTRAL were searched for original studies reporting the
duration from COVID-19 onset to the disappearance of viral RNA. Of the 1682 studies identified, 100 met the
selection criteria and 13,431 patients were included in this study. The duration of SARS-CoV-2 RNA positivity was
18.29 [95% confidence interval: 17.00-19.89] days in the upper respiratory tract samples, 23.79 [20.43-27.16] days in
the sputum, 14.60 [12.16-17.05] days in the blood, and 22.38 [18.40-26.35] days in the stool. Sensitivity analysis
revealed that the duration was positively correlated with age, comorbidities, severity, and usage of glucocorticoid.
Subgroup analysis indicated that the presence or absence of complications had the greatest impact on the
difference in DSRP.

Conclusions: The duration of SARS-CoV-2 RNA positivity was 18.29 days in the upper respiratory tract samples. The
duration in the sputum and the stool was longer, while that in the blood was shorter. The duration in the upper
respiratory tract samples was longer in older, with any comorbidities, severer, and treated with glucocorticoid.
These results provide the basic data for the duration of SARS-CoV-2 RNA positivity, and in the future, the effect of
vaccination against SARS-CoV-2 and the SARS-CoV-2 variants on the duration of RNA positivity should be assessed.
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Background

Coronavirus disease 2019 (COVID-19) is an infectious
disease caused by severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2). COVID-19 was first reported
in China in December 2019 and became a pandemic [1].
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Every country took infection control measures (e.g.,
lockdown), but the number of patients with COVID-19
increased worldwide. The quarantine period for COVID-
19 varies from country to country. For example, the
Centers for Disease Control and Prevention recom-
mends 5 days for the general population [2]; the Ministry
of Health, Labor and Welfare in Japan recommends 10
days from the onset [3]; and the China’s zero-COVID
strategy recommends a longer period [4]. The result of
reverse transcription-polymerase chain reaction (RT-
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PCR) is included in the de-quarantine criteria in Japan
[3]. Detailed information on the duration of SARS-CoV-
2 RNA positivity (DSRP) in various specimens of pa-
tients with COVID-19 will be very helpful in infection
control.

SARS-CoV-2 RNA is detected in various samples such
as nasal mucus, sputum, conjunctiva, blood, urine, gas-
tric fluid, and stool [5]. It is certain that approximately 2
weeks after the onset was required for SARS-CoV-2
RNA to disappear from the respiratory tract in some
studies [6, 7], but some cases were reported in which
SARS-CoV-2 RNA had continued to be detected for a
longer period [8]. The DSRP from other samples re-
mains unclear due to the limited information. Moreover,
whether the DSRP in patients with COVID-19 is affected
by clinical characteristics remains unknown.

A systematic review of studies reporting the DSRP
in patients with COVID-19 has been conducted and
the DSRP from various specimens (nasal mucus, spu-
tum, blood, and stool) was determined by a meta-
analysis. Moreover, the influence of clinical features
such as age, gender, comorbidity, severity, treatment,
and locality on the DSRP was also evaluated for
identification of the factors affecting the prolonga-
tion of DSRP.
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Methods

Registration

This meta-analysis was performed following the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement [9] and registered
with PROSPERO (CRD42020193268).

Search strategy

Articles published until December 31, 2020, were searched
for on PubMed, Web of Science, Scopus, and Cochrane
CENTRAL using the search terms [(COVID-19 OR
SARS-CoV-2) AND (shedding OR “viral load” OR clear-
ance) AND patient NOT review] with no language restric-
tion. The searches were performed thrice and the final
searches were performed on February 15, 2021.

Selection criteria

The inclusion criteria are studies of human subjects, ori-
ginal articles (not reviews), title or abstract consisting of
the terms “COVID-19,” “SARS-CoV-2,” “shedding,”
“viral load,” or “clearance,” and linkage to the full text of
the article. Studies without raw data to calculate the
mean and standard deviation (SD) of the DSRP were ex-
cluded. Case reports reporting one or two cases were ex-
cluded because it was difficult to calculate the mean and

N
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S 927 records identified 666 records identified 918 records identified || 363 records identified
b= through PubMed through Web of Science through Scopus through CENTRAL
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S
1682 records after duplicates removed

192 were unavailable on the web
= 21 were not human experiments
S 374 did not report viral shedding
o | 292 were not original articles (including review)
A3 29 were not English
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Fig. 1 PRISMA flow diagram
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Fig. 2 The funnel plots of the duration of SARS-CoV-2 RNA positivity in various samples. The funnel plots of the duration of SARS-CoV-2 RNA
positivity in the upper respiratory tract samples (a), the sputum (b), the blood (c), and the stool (d) were shown

SD. Redundancies between the search sites were

eliminated.

Quality assessment

The quality assessment was performed following the
study quality assessment tools (Quality Assessment Tool
for Case Series Studies) from the National Heart, Lung,
and Blood Institute (NHLBI) [10]. The evidence level
was evaluated based on the Oxford Centre for Evidence-
Based Medicine 2011 [11]. Funnel plots were used to as-
sess publication bias.

Data extraction

Author, year of publication, observational period, the
country where the study was conducted, study design,
number of patients, age, percentage of females, severity,
treatment, comorbidity, and specimen were extracted.
The severity was basically quoted from the severity clas-
sification used in each paper. In the studies not report-
ing it, the severity was classified according to the
COVID-19 clinical classification released by the National
Health Commission of China [12]. The DSRP was de-
fined as the number of days from the appearance of

symptoms to the first negative result of RT-PCR, not
antigen test, without converting positive thereafter. The
Ct (threshold cycle) value to be judged negative was
quoted from the criteria used in each paper. The mean
and SD of DSRP were extracted. In the studies reporting
only the median and interquartile range (IQR) or range
of DSRP, the mean and SD were calculated from them
using the methods of Wan et al. [13]. Patients whose
RT-PCR result for SARS-CoV-2 did not turn negative
during the observation period were excluded. Asymp-
tomatic patients were excluded because defining the on-
set was difficult. The values were manually calculated
using information available in the published graphs and
tables when raw data were unavailable.

Statistics

In the meta-analysis, the DSRP were expressed as the
mean number of days and 95% confidence intervals
(CIs). The mean differences were calculated using the
random effects model. /> values of 25%, 50%, and 75%
were defined as low, moderate, and high, respectively
[14]. The sensitivity analyses were performed based on
age, gender, comorbidities, compromised status, severity,
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Fig. 3 Forest plot: a meta-analysis of the duration of SARS-CoV-2 RNA positivity in the respiratory tract samples. The duration of SARS-CoV-2 RNA
positivity from the onset of COVID-19 in the upper respiratory tract samples (a) and the sputum (b) was calculated using the random effects
model. The difference in the duration of SARS-CoV-2 RNA positivity between the sputum and the upper respiratory samples was calculated using
the random effects model (c). Experimental meant the sputum and control meant the upper respiratory tract samples. MRAW, the raw data of
mean; 95%-Cl, 95% confidence interval; SD, standard deviation; MD, mean difference

and use of glucocorticoid. Spearman’s correlation coeffi-
cient was calculated and p values <0.05 were considered
statistically significant. The subgroup analyses were per-
formed between the patients with different ages, the pa-
tients with or without any comorbidities, the patients
with different severities, the patients treated with and
without glucocorticoid, and the studies from different
countries. All analyses were conducted using the R ver-
sion 4.0.0 (R Project for Statistical Computing) and EZR
version 1.42 [15].

Results

Study selection

The current study identified 1682 records from four
search sites (927, 666, 918, and 363 studies on PubMed,
Web of Science, Scopus, and Cochrane Central Register
of Controlled Trials (CENTRAL), respectively). One
thousand forty studies which did not meet the inclusion
criteria were removed and 542 studies were removed
based on the exclusion criteria. Finally, 100 studies met
the selection criteria and were included in this meta-
analysis (Fig. 1, [5-8, 16—-111]).

The characteristics of the studies, clinical characteristics,
and quality assessment

Most studies were observational studies and were classi-
fied as case accumulation research from the viewpoint of
the current study. Seventy-two, 15, and 13 studies were
reported from China, Asian countries except for China,
and European countries, respectively. The start of the
observation period was December 29, 2019, to April 30,
2020, and the end was January 11, 2020, to June 10,
2020. The number of patients ranged from 3 to 1320
and the total number of patients with COVID-19 in the
100 studies was 13,431. The median age ranged from 6
to 74.5, with a minimum age of 0 to 49 years and a max-
imum age of 11 to 96 years. The proportion of women
was 0 to 100%. The proportion of patients with any co-
morbidities was 6.3 to 100%. The proportion of severe
patients ranged from 0 to 100%. The proportion of pa-
tients treated for COVID-19 with glucocorticoid ranged
from 0 to 100%.

The total score of the study quality assessment tools
(Quality Assessment Tool for Case Series Studies) from
the NHLBI was in the range of 6 to 9 in each study (data
not shown). The funnel plots in the upper respiratory
tract samples including nasal swab and throat swab (Fig.

2a), sputum (Fig. 2b), blood (Fig. 2¢), and stool (Fig. 2d)
had asymmetrical isosceles, suggesting the presence of
bias or systemic heterogeneity.

Duration of SARS-CoV-2 RNA positivity on various
respiratory tract samples

In all respiratory tract samples including nasal swab,
throat swab, sputum, and bronchoalveolar lavage fluid,
11,639 patients from 99 studies were analyzed [5-8, 16—
36, 38—111] with a DSRP of 18.79 days (95% Cls, 17.69—
19.89 days, I* = 99%). In the upper respiratory tract sam-
ples including nasal swab and throat swab, 9635 patients
from 84 studies were analyzed with a DSRP of 18.29 days
(95% Cls, 17.00-19.58 days, I = 99%; Fig. 3a). In the
nasal swabs, 4042 patients from 32 studies were analyzed
with a DSRP of 19.34 days (95% Cls, 16.60—22.07 days, I°
= 99%). In the throat swabs, 4631 patients from 44 stud-
ies were analyzed with a DSRP of 17.85 days (95% Cls,
16.43-19.26 days, I = 98%). In the sputum, 643 patients
from 10 studies were analyzed with a DSRP of 23.79 days
(95% Cls, 20.43-27.16days, I° = 93%; Fig. 3b). The
DSRP on upper respiratory tract samples and sputum of
79 and 57 patients, respectively, were directly compared.
The DSRP in the sputum tended to be 3.15 days longer
(95% Cls, - 2.26-8.55 days, p <0. 01, I’ = 81%; Fig. 3c)
than the upper respiratory tract samples, but there was
no significant difference.

Duration of SARS-CoV-2 RNA positivity on samples from
blood and stool

In the blood, 385 patients from four studies were ana-
lyzed with a DSRP of 14.60 days (95% ClIs, 12.16—-17.05
days, I” = 88%; Fig. 4a). The DSRP on the blood and the
upper respiratory tract samples from 335 and 388 pa-
tients, respectively, were directly compared, and there
was no significant difference (2.42 days; 95% Cls — 4.11—
8.95 days, p <0.01, P = 97%; Fig. 4b). In the stool, 620
patients from 13 studies were analyzed with a DSRP of
22.38 days (95% Cls, 18.40—-26.35 days, I° = 97%; Fig. 4c).
The DSRP on the stool and the upper respiratory tract
samples from 568 and 644 patients, respectively, were
directly compared. The DSRP on the stool was signifi-
cantly 5.41days longer (95% Cls, 2.80-8.02 days, p <
0.01, = 86%) than the upper respiratory tract samples
(Fig. 4d).
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mean difference

Fig. 4 Forest plot: a meta-analysis of the duration of SARS-CoV-2 RNA positivity in various samples. The duration of SARS-CoV-2 RNA positivity
from the onset of COVID-19 in the blood (a) and stool (c) was calculated using the random effects model. The difference in the duration of SARS-
CoV-2 RNA positivity between the blood and upper respiratory tract samples was calculated using the random effects model (b). Experimental
meant the blood samples and control meant the upper respiratory tract samples. The difference in the duration of SARS-CoV-2 RNA positivity
between the stool and upper respiratory tract samples was calculated using the random effects model (d). Experimental meant the stool and
control meant the upper respiratory tract samples. MRAW, the raw data of mean; 95%-Cl, 95% confidence interval; SD, standard deviation; MD,

Sensitivity analysis based on the clinical characteristics in
upper respiratory tract samples

In the upper respiratory tract samples, sensitivity ana-
lyses were performed. The mean age was significantly
positively correlated with the DSRP (p = 0.22, p = 0.05;
Fig. 5a), while the proportion of women was not (p = -
0.14, p = 0.19; Fig. 5b). The proportion of patients with
any comorbidities was significantly positively correlated
with the DSRP (p = 0.35, p = 0.02; Fig. 5c), while the
proportion of patients with compromised status such as
malignancy, human immunodeficiency virus infection,
and dialysis treatment was not (p = 0.14, p = 0.32; Fig.
5d). The proportion of severe patients was significantly
positively correlated with the DSRP (p = 0.26, p = 0.02;
Fig. 5e), and the proportion of patients treated with
glucocorticoid was significantly positively correlated with
the DSRP (p = 0.26, p = 0.04; Fig. 5f). It was suggested
that the age, comorbidities, severity, and usage of gluco-
corticoid affected the DSRP, and the percentage of pa-
tients with any comorbidities had the greatest impact on
DSRP based on the value of p.

Subgroup analysis based on the age, comorbidities,
severity, and usage of glucocorticoid in the upper
respiratory tract samples

Seven hundred forty-two patients over the age of 60
(older group) from 11 studies were analyzed with a
DSRP of 21.24days (95% Cls, 14.06-28.41 days, I° =
99%; Fig. 6a). One thousand one hundred twenty-nine
patients under the age of 60 (younger group) from 22
studies were analyzed with a DSRP of 16.95 days (95%
Cls, 13.56-20.35 days, I = 98%; Fig. 6b). The mean age
was 68.03 + 3.12years in the older group and 36.41 +
12.05 years in the younger group. The proportion of pa-
tients with any comorbidities was 44.79 + 20.23% in the
older group and 28.06 + 26.85% in the younger group.
The proportion of severe patients was 61.90 + 40.50% in
the older group and 22.27 + 31.21% in the younger
group. The proportion of patients treated with gluco-
corticoid was 37.50 + 47.87% in the older group and
13.26 + 26.48% in the younger group. Due to many
missing data values, the number of patients in the older
group was less than 30 after further adjustment of the
patient background. It was judged that the analysis
would not be appropriate.

One hundred eighty patients with any comorbidities
(comorbidity group) from 13 studies were analyzed with
a DSRP of 20.26 days (95% ClIs, 17.60—22.92 days, I =
93%; Fig. 6¢). Two hundred sixty-five patients without
any comorbidities (noncomorbidity group) from 10 stud-
ies were analyzed with a DSRP of 14.66 days (95% Cls,
12.63-16.69 days, I* = 85%; Fig. 6d). The mean age was
57.10 + 8.94 years in the comorbidity group and 37.88 +
5.76 years in the noncomorbidity group. The proportion
of severe patients was 46.67 + 37.75% in the comorbidity
group and 36.55 + 44.59% in the noncomorbidity group.
The proportion of patients treated with glucocorticoid
was 8.87 + 14.41% in the comorbidity group and 27.11 +
41.71% in the noncomorbidity group. Due to many miss-
ing data values, the numbers of patients in both groups
were less than 30 after further adjustment of the patient
background. It was judged that the analysis would not
be appropriate.

One thousand three hundred thirty-nine severe pa-
tients from 27 studies were analyzed with a DSRP of
20.79 days (95% Cls, 18.03—23.55 days, I* = 98%; Fig. 7a).
Four thousand two hundred nineteen nonsevere patients
from 36 studies were analyzed with a DSRP of 16.36 days
(95% Cls, 14.07-18.66 days, I* = 99%; Fig. 7b). The mean
age was 57.16 + 6.01 in the severe patients and 44.12 +
11.17 years in the nonsevere patients. The proportion of
patients with any comorbidities was 51.05 + 28.73% in
the severe patients and 28.15 + 12.91% in the nonsevere
patients. The proportion of patients treated with gluco-
corticoid was 21.74 + 39.91% in the severe patients and
2043 + 31.49% in the nonsevere patients. To adjust
those factors as further as possible between the severe
patients and the nonsevere patients, studies with the
mean age of 40 years or older and the proportion of pa-
tients with any comorbidities of 30% or more were se-
lected. One hundred seventy-one severe patients were
analyzed with a DSRP of 21.53 days (95% Cls 17.57—
25.50 days, p <0.01, * = 91%; Fig. 7c). One hundred
seventy-five nonsevere patients were analyzed with a
DSRP of 20.08 days (95% Cls 15.87-24.29 days, p < 0.01,
P = 91%; Fig. 7d). It was suggested that the severity of
COVID-19 had a mild effect on the DSRP.

Six hundred forty patients treated with glucocorticoid
(glucocorticoid group) from 15 studies were analyzed
with a DSRP of 19.72 days (95% Cls, 17.92-21.52 days, I*
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Fig. 5 Sensitivity analysis based on the clinical characteristics in upper respiratory tract samples. The association between the duration of SARS-
CoV-2 RNA positivity from the onset of COVID-19 in upper respiratory tract samples and mean age (a), the proportion of women (b), the
proportion of patients with any comorbidities (c), the proportion of patients with compromised status (d), the proportion of severe patients (e),
and the proportion of patients treated with glucocorticoid (f) in each study. The correlation was evaluated using the Spearman

correlation coefficient
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Fig. 7 Forest plot: a meta-analysis of the duration of SARS-CoV-2 RNA positivity in the upper respiratory tract samples based on the severity. The
duration of SARS-CoV-2 RNA positivity from the onset of COVID-19 in the severe patients (a) and the nonsevere patients (b) was calculated using
the random effects model. The duration of SARS-CoV-2 RNA positivity from the onset of COVID-19 in the severe patients (c) and the nonsevere

patients (d) from the studies with the mean age of 40 years or older and the proportion of patients with any comorbidities of 30% or more was
calculated using the random effects model. MRAW, the raw data of mean; 95%-Cl, 95% confidence interval
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Fig. 8 Forest plot: a meta-analysis of the duration of SARS-CoV-2 RNA positivity in the upper respiratory tract samples based on the usage of
glucocorticoid. The duration of SARS-CoV-2 RNA positivity from the onset of COVID-19 in the patients treated with glucocorticoid (a) and the
patients treated without glucocorticoid (b) was calculated using the random effects model. The duration of SARS-CoV-2 RNA positivity from the
onset of COVID-19 in the patients treated with glucocorticoid (c) and the patients treated without glucocorticoid (d) from the studies with the
mean age of 30-60 years and the proportion of patients with any comorbidities of 50% or less was calculated using the random effects model.
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= 92%; Fig. 8a). One thousand six hundred seventy pa-
tients treated without glucocorticoid (no glucocorticoid
group) from 30 studies were analyzed with a DSRP of
15.64 days (95% Cls, 14.18—17.10 days, I* = 96%; Fig. 8b).
The mean age was 52.64 + 6.28 years in the glucocortic-
oid group and 46.25 + 12.68 years in the no glucocortic-
oid group. The proportion of patients with any
comorbidities was 24.89 + 10.98% in the glucocorticoid

group and 45.27 + 31.88% in the no glucocorticoid
group. The proportion of severe patients was 34.91 +
42.06% in the glucocorticoid group and 31.95 + 37.61%
in the no glucocorticoid group. To adjust those factors
as further as possible between the glucocorticoid group
and the no glucocorticoid group, studies with the mean
age of 30-60years and the proportion of patients with
any comorbidities of 50% or less were selected. One
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Fig. 9 Forest plot: subgroup meta-analysis of the duration of SARS-CoV-2 RNA positivity from the onset of COVID-19 in the upper respiratory tract
samples based on the locality. The duration of SARS-CoV-2 RNA positivity from the onset of COVID-19 in the Asian countries (a) and European
countries (b) was calculated using the random effects model. The duration of SARS-CoV-2 RNA positivity from the onset of COVID-19 in the Asian
countries (c) and European countries (d) from the studies with the mean age of 40 years or older and the proportion of severe patients of 40% or
more was calculated using the random effects model. MRAW, the raw data of mean; 95%-Cl, 95% confidence interval

hundred twelve patients treated with glucocorticoid were
analyzed with a DSRP of 21.98 days (95% Cls 16.48-
27.48 days, p <0.01, I° = 94%; Fig. 8c). One hundred
twenty-two patients treated without glucocorticoid were
analyzed with a DSRP of 16.14 days (95% Cls 12.60—
19.68 days, p <0.01, I* = 92%; Fig. 8d). It was suggested
that the usage of glucocorticoid had a mild effect on the
DSRP.

Subgroup analysis based on locality in the upper
respiratory tract samples

In the upper respiratory tract samples, 8201 patients in
Asian countries were analyzed with a DSRP of 18.10 days
(95% CIs 16.95-19.25 days, p = 0, I° = 98%; Fig. 9a). A
total of 1434 patients in European countries were ana-
lyzed with a DSRP of 19.27 days (95% Cls 11.59-26.95
days, p = 0, I = 100%; Fig. 9b). The mean age was 48.61
+ 11.64 and 53.32 + 9.54 years in Asian and European
countries, respectively. The proportion of patients with
any comorbidities was 42.74 + 27.86% and 53.87 t
17.26% in Asian and European countries, respectively.
The proportion of severe patients was 33.75 + 32.69%
and 56.29 + 41.72% in Asian and European countries, re-
spectively. The proportion of patients treated with
glucocorticoid was 28.09 + 30.56% and 3.52 + 9.31% in
Asian and European countries, respectively. In studies
from Asian countries, the patients were younger, the in-
cidence of comorbidities was low, and COVID-19 was
milder. However, glucocorticoid was used more in Asian
countries. To adjust those factors as further as possible
between Asian and European countries, studies with the
mean age of 40 years or older and the proportion of se-
vere patients of 40% or more were selected. Eight hun-
dred thirty-one patients in Asian countries were
analyzed with a DSRP of 20.66 days (95% Cls 18.18-
23.14 days, p <0.01, I = 96%; Fig. 9c). A total of 1268
patients in European countries were analyzed with a
DSRP of 23.68 days (95% Cls 10.85-36.51 days, p < 0.01,
P = 100%; Fig. 9d). It was suggested that the DSRP may
be longer in patients in European countries.

Summary out results

The DSRP in various samples and various backgrounds
are summarized in Fig. 10. An average of 18.29 days
(95% ClIs, 17.00-19.58 days) from the onset was required
for the clearance of viral RNA from the upper respira-
tory tract samples. The DSRP on the sputum and the

stool tended to be longer and that on the blood tended
to be shorter. Due to analytical power, direct compari-
son showed that the DSRP was significantly longer than
the upper respiratory tract samples in the stool alone.

The DSRP in the upper respiratory tract samples
tended to be longer in patients older, with any comor-
bidities, severer, and treated with glucocorticoid, while it
was not affected by gender and locality. The presence or
absence of complications had the greatest impact on the
difference in DSRP, although the effects of confounding
factors cannot be ruled out.

Discussion

The DSRP in the sputum tended to be longer than that
in the upper respiratory tract. In the early phase of
COVID-19, the Ct value of the RT-PCR in the sputum
tended to be lower than that in the upper respiratory
tract [80, 98]. The high viral load of SARS-CoV-2 in the
lungs may be one of the reasons for the long DSRP in
the sputum. The shorter DSRP in the blood than that in
the upper respiratory tract may be due to the lower viral
load of SARS-CoV-2 in the blood in the early phase of
COVID-19 [7, 72]. On the other hand, the viral load in
the stool in the early phase of COVID-19 was not much
different from that in the upper respiratory tract [6, 7].
SARS-CoV-2 may avoid elimination by unknown mech-
anisms and continue to replicate in the gastrointestinal
tract [112].

The age of patients may affect the DSRP in the upper
respiratory tract based on the sensitivity analysis and the
subgroup analysis. No reports of differences in Ct values
of RT-PCR between the older and younger groups were
found, but the peak viral load in saliva exhibited a posi-
tive correlation with age [113]. Aging led to a delay or
dysfunction in the initial triggering of the immune re-
sponse [114]. In addition, older patients are likely to
have other factors that prolong DSRP. For example, the
older people are likely to have comorbidities than youn-
ger people. The age has been reported as one of the risk
factors for severe COVID-19 [115], and the activity of
daily living was associated with prognosis in older pa-
tients with COVID-19 [116]. Although the effects of
confounding factors could not be ruled out in this ana-
lysis due to many missing data values, the information
that DSRP tends to be longer in the older patients is
considered clinically useful.
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The presence of any comorbidities may affect the
DSRP in the upper respiratory tract based on the sensi-
tivity analysis and the subgroup analysis. Ct values of
RT-PCR in the patients with comorbidities were lower
[86]. Hypertension, cardiovascular diseases, diabetes, and
obesity related to abnormal immune response [117]. The
outcomes of COVID-19 are primarily influenced by co-
morbidities and particular disease states or treatments in
patients with rheumatic diseases [118]. In this analysis, it
was not possible to analyze which diseases had an im-
pact on the DSRP, and the effects of confounding factors
could not be ruled out. However, the difference in the
DSRP was the largest in the comparison between the pa-
tients with any complications and the patients without
any complications.

The severity of COVID-19 may affect the DSRP in the
upper respiratory tract. The viral load of SARS-CoV-2
was possibly high in patients with critically severe
COVID-19 [113]. The reduction of viral load correlated
with the seroconversion in SARS [116] and the serocon-
version was delayed in patients with severe COVID-19
[119]. It was reported that the period from the first con-
firmation of SARS-CoV-2 to the confirmation of clear-
ance was 10days in asymptomatic patients, which was
shorter than 16 days in symptomatic patients [92]. In the
subgroup analysis with a uniform patient background,
the effect of severity on DSRP was mild, but the pres-
ence or absence of symptoms and severity definitely
affect DSRP.

The usage of glucocorticoid may affect the DSRP in
the upper respiratory tract. Initially, glucocorticoids were
basically deprecated because they seemed to worsen viral
clearance based on SARS [120]. As expected, DSRP
tended to be longer in the patients treated with gluco-
corticoid in the subgroup analysis. However, the use of
dexamethasone resulted in lower 28-day mortality
among patients with severe COVID-19 [121]. Glucocor-
ticoids should be used in severe patients because of de-
layed virus clearance.

Limitations

This study had several limitations. First, the positive re-
sult of the RT-PCR test does not always indicate the ex-
istence of transmittable SARS-CoV-2. Second, patients
whose RT-PCR result for SARS-CoV-2 did not turn
negative during the observation period were excluded.
This study may underestimate the DSRP. Third, the fun-
nel plots suggested the presence of bias or systemic het-
erogeneity. Fourth, the patient backgrounds in selected
studies could not be fully unified. This may be a cause
of the relatively high heterogeneity. It was difficult to re-
duce the heterogeneity enough with subgroup analyses.
It may be possible to reduce heterogeneity if a more de-
tailed patient background is available. Fifth, there were
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too many missing values. Multiple regression analysis
could not be performed in the sensitivity analysis, and
the number of patients was too small to further adjust
the patient background in some subgroup analyses. In
addition, it was not possible to assess which complica-
tions most affected the DSRP. Sixth, the effects of other
drugs except for glucocorticoids on the DSRP could not
be evaluated due to the small number of studies. Finally,
the observational period of the included studies was
until Jun 2020. The impact of SARS-CoV-2 variants,
new therapies, and vaccinations on the DSRP could not
be assessed.

Conclusion

We summarized the duration of SARS-CoV-2 RNA
positivity from various specimens and clinical character-
istics in patients with COVID-19. The DSRP in the
upper respiratory tract samples was 18.29 days, and the
DSRP in the sputum and stool samples tended to be lon-
ger. Age, comorbidity, severity, and usage of glucocortic-
oid possibly affected the DSRP. Our results provide the
basic data for the natural course of COVID-19 and may
be especially useful information for people at risk of se-
vere COVID-19. In the future, the impact of vaccination
against SARS-CoV-2 and the SARS-CoV-2 variants on
the duration of RNA positivity and comparison between
RT-PCR and other methods such as antigen test should
be assessed.
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