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A B S T R A C T

Background: With the spread of Coronavirus Disease 2019 (COVID-19) caused by Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2) infection, its effect on society is amplified. We aimed to describe the
viral detection results across different timepoints throughout the disease course.
Methods: A retrospective study of 301 confirmed COVID-19 patients hospitalized at Tongji Hospital in Wuhan,
China, were included. Demographic characteristics of the patients were collected. Upper respiratory specimens
(throat and/or nasal swabs) were obtained and analyzed by real-time RT-PCR for SARS-CoV-2 infection. Period
of viral infection and the contagious stage were analyzed.
Results: Of 301 hospitalized COVID-19 patients, the median age was 58 years and 51.2 % were male. The median
period between symptoms presence and positive SARS-CoV-2 RT-PCR results was 16 days (IQR, 10–23,
N=301). The median period between symptoms presence and an effective negative SARS-CoV-2 RT-PCR result
was 20 days (IQR, 17–24; N=216). Infected patient ≥65 years old stayed contagious longer (22 days vs 19
days, p= 0.015). Although two consecutive negative results were confirmed in 70 patients, 30 % of them had
positive viral test results for the third time. Using specimens from nasal swabs to run the RT-PCR test showed a
higher positive rate than using specimens from throat swabs.
Conclusions: This large-scale investigation with 1113 RT-PCR test results from 301 COVID-19 patients showed
that the average contagious period of SARS-CoV-2 infected patients was 20 days. Longer observation period and
more than 2 series of negative viral test are necessary for patients ≥65 years.

1. Introduction

To date, an outbreak of infectious diseases–coronavirus disease
2019 (COVID-19) associated with Severe Acute Respiratory Syndrome
Coronavirus -2 (SARS-CoV-2) continues in Wuhan, Hubei Province,
China [1,2]. The clinical manifestations of patients with COVID-19 in-
cluded fever, dyspnea, fatigue, dry cough, myalgia, lymphopenia and
radiographic findings of pneumonia. For severe and critical cases, pa-
tients suffered from acute respiratory distress syndrome (ARDS), acute
respiratory failure, other serious complications and even death [3,4].
The spread of virus has struck Wuhan, and even the whole country, and
has caused unmeasurable losses in every aspect. Over 50 countries are
fighting against the disease. As of Feb 26th, 2020, 81,015 cases were
diagnosed worldwide, and 2762 patients died from this disease (death
rate 3.41 %). 1

Genomic studies have shown that SARS-CoV-2 shared around 80 %

identity sequencing with SARS-CoV, which caused a global epidemic
with 8096 confirmed cases worldwide in 2002–2003 [5]. Presumed
person-to-person transmission of SARS-CoV-2 was suggested based on
epidemiology and clinical evidences [6–8]. Recent reports suggested
that asymptomatic COVID-19 infected individuals could also be the
source of transmission [9,10]. To successfully contained the epidemic of
SARS-CoV-2, public health interventions such as disease detection and
isolation were critical.

Currently, the dynamic profile of SARS-CoV-2 viral load after onset
of symptoms is not clear. Recent report by Zou et al. from 18 patients
with COVID-19 suggested that the viral nucleic acid shedding pattern of
SARS-CoV-2 appears different from that in patients with SARS-CoV [9].
Therefore, the aim of this large-scale retrospective study was to analyze
the dynamic profile of SARS-CoV-2 and to explore the impact of de-
mographic parameters on it.
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2. Methods

2.1. Study design and participants

A total of 301 hospitalized patients (admission date from Jan 21st to
Feb 11th, 2020) with confirmed SARS-CoV-2 infection in three bran-
ches (Hankou, Sino-French new city and Optical Valley) of Tongji
Hospital at Tongji Hospital of Huazhong University of Science and
Technology in Wuhan, China were included in this study. Tongji hos-
pital is one of the major and largest hospital for COVID-19 treatment in
Wuhan. All enrolled patients were confirmed diagnosed of COVID-19
according to the diagnosis and treatment guideline for SARS-CoV-2
from Chinese National Health Committee (Version 5) and the interim
guidance from Centers for Disease Control and Prevention [11,12]. All
data (test dates and results of RT-PCR assay) were collected up to the
final follow-up date (February 26th, 2020).

2.2. Data collection and definitions

Data (clinical information and results of RT-PCR for SARS-CoV-2
viral nucleic acid detection) were collected from the electronic medical
record system. The following information were collected for analysis: 1.
Demographic characteristics such as age and gender; 2. Clinical char-
acteristics such as date of onset (defined as the first date when the
symptoms were reported), date of admission and date of discharge; 3.
SARS-CoV-2 RT-PCR characteristics. Throat and/or nasal swabs were
collected for the SARS-CoV-2 viral nucleic acid detection in sequential
time-points. Positive SARS-CoV-2 RT-PCR assay is defined as the period
from the date of onset to the date of last positive RT-PCR test result.
Effective negative SARS-CoV-2 RT-PCR assay is defined as the period
from the date of onset to the date of first negative RT-PCR test result (In
some cases, patients got positive RT-PCR results following false nega-
tive results, which were considered non-effective negative results in our
study).

2.3. Real-time reverse transcription polymerase chain reaction assay for
SARS-CoV-2

Throat swab samples or deep nasal cavity swab samples were col-
lected for extracting COVID-19 RNA from patients suspected of having
COVID-19 infection. The collected swabs were placed into a collection
tube with 200 μL of virus preservation solution, and total RNA was
extracted within 2 h using magnetic beads (Tianlong, Xi’an, China). The
extracting solution was used for one step RT-PCR assay of COVID-19
RNA. Two target genes, including open reading frame 1ab (ORF1ab)
and nucleocapsid protein (N), were simultaneously amplified and tested
during the real-time RT-PCR assay. Target 1 (ORF1ab): forward primer
CCCTGTGGGTTTTACACTTAA; reverse primer ACGATTGTGCATCAGC
TGA; and the probe 5′-VIC-CCGTCTGCGGTATGTGGAAAGGTTATGG-
BHQ1-3’. Target 2 (N): forward primer GGGGAACTTCTCCTGCTAG
AAT; reverse primer CAGACATTTTGCTCTCAAGCTG; and the probe
5′-FAM-TTGCTGCTGCTTGACAGATT-TAMRA-3′. The real-time RT-PCR
assay was performed using a COVID-19 nucleic acid detection kit ac-
cording to the manufacturer’s protocol (Shanghai Huirui Biotechnology
Co., Ltd). Reaction mixture contains 7.5 μL of RT-PCR reaction buffer,
5 μL of ORF 1ab/N gene reaction solution, 1.5 μL of enzyme mixture,
11 μL of RNA specimen. RT-PCR assay was performed under the fol-
lowing conditions: reverse transcriptional reaction at 50 °C for 15min,
initial denaturation at 95 °C for 5min, 45 cycles of denaturation at 95 °C
for 10 s and extending and collecting fluorescence signal at 55 °C for
45 s. A cycle threshold value (Ct-value) less than 35 was defined as a
positive test result, and a Ct-value of 39.2 or more was defined as a
negative test. A medium load, defined as a Ct-value of 35 to less than
39.2, required confirmation by retesting.

2.4. Statistical analysis

All continuous variables were presented as medians (interquartile
range, IQR) and analyzed with Mann-Whitney U test Categorical vari-
ables were reported as whole numbers and percentages. All p values
were reported as two-sided with a significance level of 0.05. All sta-
tistical tests were performed in SPSS version 24.0 (IBM, NY, USA).

3. Results

3.1. Demographic and clinical characteristics

A total of 301 patients diagnosed as COVID-19 were included in this
study. According to the guideline [12], all included patients were mild
to moderate. No patient was transferred to ICU. The median age was 58
years (IQR, 44–68; range, 10–92 years), comprising 154 (51.2 %) men
and 147 (48.8 %) women. The median period from symptom onset to
admission was 9 days (IQR, 7−12; range, 0–31). On the last follow-up
day (February 26th, 2020), 246 (81.7 %) patients were still hospitalized
while 55 (18.3 %) patients were discharged. (Table 1)

3.2. Dynamic profile of SARS-CoV-2 infection

The total number of SARS-CoV-2 RT-PCR assay from 301 included
COVID-19 patients was 1113, with 3.7 tests per patient. The median
period from symptoms onset to the first RT-PCR assay was 8 days (IQR,
5–12; range, 0–32). (Table 1) At the last follow-up, 85 (28.2 %) patients
still got positive results of RT-PCR assay for SARS-CoV-2. As shown in
Fig. 1A, the median period from symptoms onset to positive SARS-CoV-
2 RT-PCR test result was 16 days (IQR, 10–23; range, 0–42, N=301).
The median period from symptoms onset to negative SARS-CoV-2 RT-
PCR test result was 20 days (IQR, 17–24; range, 7–44, N=216). The
positive rate of RT-PCR assay was highest at day 0−7 (97.9 %), fol-
lowed by 68.8 %, 36.3 %, 30.0 % and 26.3 % at day 8−14, day 15−21,
day 22−28 and>28 days respectively. (Fig. 1B) The median period
for last RT-PCR assay was 24 days (IQR, 20–28; range, 9–48).

Table 1
The demographic and clinical characteristics of all patients.

Variables All Patients

Clinical petameters (N=301)
Age, median (IQR), y 58.0 (44.0−68.0)

< 65 63.5% (191/301)
≥65 36.5% (110/301)

Gender
Male 51.2 % (154/301)
Female 48.8 % (147/301)

Onset of symptom to admission, median (IQR), d 9 (7−12)
Status
In-hospital 81.7 % (246/462)
Discharge 18.3 % (55/301)
SARS-CoV-2 RT-PCR assay
Total tests 1113
Tests/patient 3.7 tests/patient

Throat swabs 92.7 % (1028/1113)
Nasal swabs 7.6 % (85/1113)
Onset of symptom to, median (IQR), d
First SARS-CoV-2 RT-PCR assay 8.0 (5.0−12.0)
Last SARS-CoV-2 RT-PCR assay 24.0 (20.0−28.0)
Positive SARS-CoV-2 RT-PCR assay 16.0 (10.0−23.0)
Negative SARS-CoV-2 RT-PCR assay 20.0 (17.0−24.0) (N=216)

Positive rate of SARS-CoV-2 RT-PCR, d
Day 0−7 97.9 % (137/140)
Day 8−14 68.8 % (152/221)
Day 15−21 36.3 % (127/350)
Day 22−28 30.0 % (92/307)
> 28 days 26.3 % (25/95)

Abbreviations: IQRinterquartile range; RT-PCRreal-time reverse transcription
polymerase chain reaction.
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3.3. Impact of demographic factors on dynamic profile of SARS-CoV-2

We investigated the impact of age and gender on the dynamic
profile of SARS-CoV-2 by RT-PCR assay. As shown in Fig. 2A, the
median period of positive SARS-CoV-2 RT-PCR test result was sig-
nificantly longer in older (≥65 years) patients (18 days, IQR, 13–25 vs

14 days, IQR, 7–22, p < 0.001). The median period of negative SARS-
CoV-2 RT-PCR test result was also significantly longer in older (≥65
years) patients (22 days, IQR, 19–26 vs 19 days, IQR, 17–23,
p=0.015). As shown in Fig. 2B, female patients had a shorter median
period of positive and negative SARS-CoV-2 RT-PCR test result than
male patients (15 days, IQR, 9–23 vs 17 days, IQR, 11–24, p= 0.172)

Fig. 1. Dynamic Profile of SARS-CoV-2 Infection.
(A) Dynamic Profile of SARS-CoV-2 Detected by RT-PCR from 301 COVID-19 Patients (N= 1113). Numbers of the positive (red bar) and negative (blue bar) results of
SARS-CoV-2 RT-PCR were sum on every day based on the days after the onset. (B) Positive rate of SARS-CoV-2 Detected by RT-PCR from 301 COVID-19 Patients
(N= 1113). Percentage of positive results of SARS-CoV-2 RT-PCR were calculated on every day based on the days after the onset.
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and (19 days, IQR, 17–24 vs 21 days, IQR, 17–25, p=0.189), respec-
tively. However, the difference is not statistically significant.

3.4. Estimation of false negative of SARS-CoV-2 RT-PCR assay

Of the 301 patients, 70 (23.3 %) had the records of three con-
secutive SARS-CoV-2 RT-PCR assays with the negative results for the
first two tests. Among these 70 patients, 21 (30 %) patients had positive
SARS-CoV-2 RT-PCR results for the third time. As illustrated in Fig. 3A,
older (≥65 years) patients had a higher third-time positive rate (32 %,
7/22) than younger (29 %, 14/48) patients had, although the difference
is not significant (p= 0.82).

3.5. Throat swabs and Nasal swabs for SARS-CoV-2 RT-PCR assay

Of the 1113 tests for SARS-CoV-2 by RT-PCR assay, 74 tests (37
pairs) were obtained from both throat swabs and nasal swabs at the
same time. As shown in Fig. 3B, results of positive nasal swabs and
negative throat swabs were found in 12 pairs of tests (32.4 %), while
results of positive throat swabs and negative nasal swabs were found in
only 2 pairs of tests (5.4 %). Same results of throat and nasal swabs

were found in 23 pairs (62.2 %), with 4 pairs (10.8 %) for both positive
and 19 pairs (51.4 %) for both negative. 46 pairs (92 tests) were obtain
from throat swabs at one certain time point followed by nasal swabs at
the next time-point. As shown in Fig. 3B, negative throat swabs fol-
lowed by a positive nasal swab were found in 41.3 % (19/46) of sam-
ples, while negative throat swabs followed by a negative nasal swab
were found in 58.7 % (27/46) of samples. According to the viral in-
fection confirmed by nasal swabs, the estimated false negative rate of
SARS-CoV-2 RT-PCR assay with specimens from throat swabs is 41.3 %.

4. Discussion

This is a large-scale report from 301 COVID-19 patients with 1113
samples of RT-PCR tests for SARS-CoV-2 detection. The data and results
from this study is notable for providing solid evidence of SARS-CoV-2
dynamic profile in patients infected.

Family of human coronavirus is the main pathogens of respiratory
infection. Global epidemics caused by two highly pathogenic cor-
onavirus, SARS-CoV and MERS-CoV, were reported during 2002–2003
and 2012 (ongoing) [5,13]. Although SARS-CoV-2 share similar se-
quencing characteristics with SARS-CoV and MERS-CoV, study of case

Fig. 2. Impact of Age and Gender on Dynamic Profile of SARS-CoV-2.
(A) The median time of SARS-CoV-2 infection (positive, red triangle) and SARS-CoV-2 conversion (negative, purple square) grouped by age. (B) The median time of
SARS-CoV-2 infection (positive, red triangle) and SARS-CoV-2 conversion (negative, purple square) grouped by gender. The I bars indicate the 25th and 75th
percentiles. P < .05 was considered statistically significant.
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series suggested the viral nucleic acid shedding pattern of patients in-
fected with SARS-CoV-2 is different from SARS-CoV, which had a
modest viral loads in the early stage and peaked approximately 10 days
after symptoms onset [14]. Our study analyzed the dynamic profile of
SARS-CoV-2 in hospitalized COVID-19 patients. The median period
between onset of symptoms and positive SARS-CoV-2 RT-PCR test result
was 16 days (IQR, 10–23). (Fig. 1A) Positive rate of SARS-CoV-2 RT-
PCR was detected soon after the onset of symptoms, with a gradually
decreasing trend thereafter. We showed that after 4 weeks (> 28 days),
26.3 % samples are still positive for SARS-CoV-2. (Fig. 1B) The above
findings suggested that SARS-CoV-2 viral replication has a relatively
long period in infected patients compared to SARS-CoV [14]. Although

viral replication is not necessarily associated with severity of im-
munopathological damage, it implied that, to limit transmission of the
disease, infected patients need exclusive monitoring until at least two
consecutive negative RT-PCR results are obtained. It should be noted
that one patient had a positive result of SARS-CoV-2 RT-PCR assay on
day 42 after the onset of symptoms. This, currently, is the longest
period had been reported.

The impact of demographic factors on dynamic profile of SARS-CoV-
2 has not been studied before. The previous studies suggested that
coronavirus is more likely to infect older individuals with weaker im-
mune functions [3,4,15]. We collected the test results of SARS-CoV-2
RT-PCR assay and performed the subgroup analysis by age. Older

Fig. 3. Estimation of false negative result of SARS-CoV-2 RT-PCR assay and comparison of throat swabs and nasal swabs.
(A). Three sequential SARS-CoV-2 RT-PCR assays. Red square indicates positive results for the third time and blue square indicate negative results. (B) Comparison of
SARS-CoV-2 RT-PCR assay from paired specimens obtained by throat swabs and nasal swabs.
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patients (≥65 years) had a significant longer time interval (18 days) of
positive SARS-CoV-2 RT-PCR test result than patients< 65 years (14
days). (Fig. 2A) One possible explanation is that the dysfunction of
immune system in older patients resulted in a prolonged elimination of
the virus. Male patients had a slightly longer time interval (17 days) of
positive SARS-CoV-2 RT-PCR assay than female patients (15 days).
Smoking and alcohol history may relate to the above finding.

As a result of errors in sampling and testing, false negative result of
RT-PCR for SARS-CoV-2 is very common in clinical settings.
Meanwhile, it is recommended by the current diagnosis and treatment
guideline for SARS-CoV-2 from Chinese National Health Committee
that the criteria to discharge a patient included the relief of symptoms,
improvement in radiography and two consecutive negative RT-PCR
results for SARS-CoV-2 [12]. We analyzed results from 70 patients with
three consecutive viral tests. We found that 21 patients (30 %) had a
positive third-time RT-PCR test, even though the results were negative
for the previous two tests. (Fig. 3A) This evidence revealed the defect
(high false positive rate) of current SARS-CoV-2 detection method and
questioned the criteria for discharge and discontinuation of quarantine
mentioned above. Releasing potential contagions to public will have
substantial influence in disease control and transmission, especially
when patients were asymptomatic [10,16,17].

Recent report of 18 COVID-19 patients by Zou et al. suggested that
higher viral loads were detected in the nose than in the throat [9]. We
compared the results of SARS-CoV-2 RT-PCR assay for 37 pairs of
specimens from nasal and throat swabs. Positive nasal swabs and ne-
gative throat swabs were found in 12 pairs (32.4 %) of samples, com-
pared to only 2 pairs of samples were positive throat swabs and nega-
tive nasal swabs. (Fig. 3B). 46 pairs of samples are an initial negative
SARS-CoV-2 RT-PCR assay from throat swabs followed by a sequential
SARS-CoV-2 RT-PCR assay from nasal swabs. We found that 19 pairs
(41.3 %) of samples from nasal swabs were positive regardless of the
initial negative throat swabs. These findings suggested that upper re-
spiratory specimens obtained from nasal swabs were more sensitive and
reliable for SARS-CoV-2 RT-PCR assay.

To the date of this manuscript drafted (February 27th, 2020),
COVID-19 rapidly spreads from Wuhan to the entire country. The epi-
demic of COVID-19 also threatened countries such as Korea, Italy, Iraq
and Japan, etc. [2]. We have acquired some knowledge of the virus
from series case reports and laboratory findings, while much work re-
mains to be done and many questions remain unanswered. Evidence
suggested that the outbreaks of COVID-19 may be correlated to its rapid
person-to-person transmission ability. Since specific treatment had not
been validated for COVID-19, traditional public health tactics—isola-
tion, quarantine and community containment are critical to control the
spread [17–20]. This study has found valuable and solid evidence of the
dynamic profile of SARS-CoV-2 and offered suggestion to improve
current detection method and criteria for discharge. The overall period
of patient infected by SARS-CoV-2 was relatively long especially in old
individuals. Therefore, we suggested prolonged observation and repeat
confirmation of RT-PCR assay from nasal swabs specimens for safe
discharges.

The present study has several limitations that should be taken into
consideration. First, in this retrospective setting, the accuracy of SARS-
CoV-2 RT-PCR may vary (improvement of the detection protocol and
gain of experience in sampling). Second, this study only investigated
the impact of age and gender on dynamic profile of SARS-CoV-2, while
other factors were not included. Third, some information of such as RT-
PCR test after discharge, period of negative SARS-CoV-2 RT-PCR test
result in some included patients were incomplete. Therefore, a pro-
spective study with a strict inclusion criteria and more clinical-patho-
logical measurements are needed to validate the findings.

5. Conclusions

In summary, in this study we for the first time provided information

of SARS-CoV-2 dynamic profile, with the median duration for viral
conversion of 20 days after onset of symptom. Old age is the risk factor
for prolonged virus replication (22 days). Throat swabs should be re-
placed by nasal swabs to obtain the specimens for viral detection and
the current criteria for discharge should be adjusted.
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