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Abstract
Background: An acute respiratory disease, caused by a novel coronavirus (SARS-CoV-2, previously known
as 2019-nCoV), the coronavirus disease 2019 (COVID-19), has spread throughout China and received
worldwide attention. After nearly 2 months efforts by the Chinese government and people from all walks
of life, the epidemic in China has gradually been controlled. The awareness of the disease has gradually
increased. We have detected the SARS-CoV-2 gene in the patient's sputum, throat swabs and feces, blood
and even urine samples, but whether the SARS-CoV-2 RNA is detected in the upper and lower respiratory
tracts and the extrapulmonary age is unknown.

Methods: We collected data from 146 patients admitted to the Public Health Center of Taizhou Hospital,
Zhejiang University, China from January 23, 2020 to March 11, 2020, and con�rmed the diagnosis of
new-type coronavirus pneumonia by RT-PCR. The �nal selection was made after screening. For a total of
134 con�rmed patients, we collected their clinical data and sputum, nasopharyngeal swabs or throat
swabs, fecal nucleic acid test results, and calculated the age of each specimen.

Results: A total of 134 con�rmed patients were included in the study; of them, 93 were of the common
type, and 41 were critically ill. There were no signi�cant differences between males and females, P =
0.853) and their epidemiological history (P = 0.441). The average age of severe patients was 55.85 ±
13.28 years, which was higher than that of common patients at 44.06 ± 12.86 years (P = 0.00). The
results showed that the time of SARS-CoV-2 RNA in the upper respiratory tract was 15.1 ± 7.23 days for
common patients and 20.56 ± 6.59 days for severe patients, which was longer than that of common
patients (P = 0.00). The time of SARS-CoV-2 RNA in the lower respiratory tract was 27.45 ± 10.06 days for
common patients and 29.78 ± 10.11 days for severe patients. There was no statistical difference (P =
0.328); SARS-CoV-2 RNA existed in the digestive tract. The time was 22.6 ± 7.69 days for common
patients and 27.24 ± 7.86 days for severe patients, which was longer than that of common patients (P =
0.01). SARS-CoV-2 existed for a shorter time in the upper respiratory and digestive tracts than in the lower
respiratory tract.

CONCLUSION: SARS-CoV-2 is present in the lower respiratory tract for longer than the upper respiratory 
and digestive tracts, and there were no statistical differences in the lower respiratory tract between
common and severe patients.

Background
In December 2019, a new type of coronavirus was discovered in Wuhan for the �rst time and quickly
spread to the whole country and the world[1]. As of March 28, 2020, a total of 82,214 cases were
diagnosed in China, with 3,791 deaths, and 75,122 patients have been cured. A series of preventive
control and medical rescue measures have prevented an increase in the epidemic situation in China, and
the epidemic situation has eased in most provinces. As of March 11, 2020, all 146 con�rmed patients in
the author's area were cured and discharged. By March 28, 2020, 1,251 cases were con�rmed in Zhejiang
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Province, with 0 deaths, and 1,225 patients were cured; the remaining 16 were mostly imported cases. To
date, the gold clinical diagnostic method for SARS-CoV-2 is to detect the viral nucleic acid by RT-PCR in a
sample from the nasal cavity, throat or other respiratory tract and to further con�rm these results by next-
generation sequencing[2].However, Chinese researchers have detected SARS-CoV-2 virus nucleic acid in
the faeces of several con�rmed cases of SARS-CoV-2[3] and in the urine and blood[4] of severely ill
patients, suggesting the possible existence of the SARS-CoV-2 faecal-oral and blood transmission
routes[5]. To reduce the chance of human-to-human transmission, we performed multiple nucleic acid
tests on sputum, faeces, throat swabs or nasopharyngeal swabs for each patient until we ensured that
the viruses in the patients' upper and lower respiratory and digestive tracts had been removed. Although
people have gradually deepened their understanding of the clinical manifestations, pathology, and
experience of diagnosis and treatment, the duration of SARS-CoV-2 RNA detection in upper and lower
respiratory tracts and extrapulmonary specimens is unclear, and the existence time of SARS-CoV-2 in
each specimen is important for the epidemic situation. Prevention and control are of great signi�cance.

Our goal is to determine the existence time of SARS-CoV-2 in the upper, lower, and digestive tracts and
compare their differences.

Methods
We retrospectively analysed the detoxi�cation time of 146 patients with SARS-CoV-2 diagnosed by RT-
PCR in the public health centre of Taizhou Hospital a�liated with Zhejiang University in Zhejiang
Province from December 2019 to March 2020. A total of 134 con�rmed patients were diagnosed, and the
patients were divided into common and severe types according to the Diagnosis and Treatment Protocol
for Novel Coronavirus Pneumonia (Trial Version 7)  [1]. During hospitalization, these patients were
discussed by a group composed of experts in respiratory medicine, ICU, radiology, etc. The main outcome
of this study was to calculate the time difference from the onset to the �rst negative as the time of
existence. The �rst negative time is de�ned as the �rst negative time after 2–3 consecutive negative
nucleic acid tests. For a small number of asymptomatic patients, the difference between the date of
diagnosis and the negative time of the �rst negative nucleic acid test is used as the time of existence.
The time difference between the date and the �rst negative nucleic acid test was used as the time of
existence. The common type is de�ned as fever, respiratory tract symptoms, and pneumonia on imaging;
severe patients are de�ned as meeting any of the following criteria: 1. Shortness of breath, breathing ≥ 30
beats/min; 2. In the resting state, oxygen saturation ≤ 93%; 3. Arterial blood oxygen partial pressure
(PaO2)/oxygen concentration (FiO2) ≤ 300 mmHg. The time of existence was calculated as the
difference between the time of onset and the time of the �rst negative results (the time between the �rst
negative result after 2–3 consecutive negative results). Time difference is the �rst time with negative
results after 2–3 consecutive negatives.[1]

Statistical analysis
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SPSS 23 software was used for the statistical analysis. Continuity data were expressed as the mean ± 
standard deviation and the median, and the categorical data were expressed as percentage of frequency;
chi-squared test was used for the comparison of rates. P < 0.05 was considered statistically signi�cant.

Results

Study population
A total of 134 patients were selected from 146 patients with a clear diagnosis, and the reasons for
exclusion included pregnancy, age under 18 years old, having incomplete samples and other
reasons(Figure 1).

Demographic data, epidemiological history, symptoms and underlying diseases of patients included in
the study(Table 1)

A total of 134 patients with a new type of coronavirus pneumonia diagnosed by RT-PCR were included in
this study, including 93 patients with the common type (69.4% of the total) and 41 patients with severe
disease (30.6% of the total). In terms of statistical data, disease characteristics and medication, there
was no signi�cant differences in sex and epidemiology between the common group and the severe
group. The average age of the heavy group was higher than that of the general group. The age of the
severe group was 55.85 ± 14.04 years, the age of the mild patients was 44.06 ± 12.86 years old, and the
ratio of male to female was close to 1:1, suggesting that male and female susceptibility is similar. The
main clinical manifestation of SARS-CoV-2 is fever (75.3%), especially in severe cases. Patients with a
fever accounted for 92.6%, with body temperatures �uctuating between 38 °C and 39 °C and 39 and 40 °C
each account for 44.7% and 31.6% of patients, respectively, which is a small number of patients. The
body temperature can exceed 40 °C (5.3%), while the common type was dominated by a low fever, most
of which were between 38–39 °C (46%). In addition, 82% of patients with SARS-CoV-2 pneumonia may
have cough, mainly with dry cough. Mainly, 38% of patients can have a small amount of sputum, mostly
white sputum, and chest tightness, fatigue, and diarrhoea were also common clinical manifestations of
COVID-19. It is worth noting that most patients have diarrhoea that appears during the course of the
disease; in addition to considering the virus is in the digestive system, the damage factors and side
effects of antiviral drugs (lopinavir/ritonavir tablets and arbidol) need to be considered. Actually,
diarrhoea caused by the virus itself may be a little 23.8%. In terms of the treatment, for critically ill
patients, we applied small doses of hormones and gamma globulin early to prevent cytokine storms.
Most of the hormones were gradually reduced after 3 days of intravenous infusion of 40 mg qd. For
severe patients, the dose can be increased and the time can be extended according to the situation. The
dose should not exceed 80 mg. Intravenous gamma globulin of 20–30 mg qd can be used for 3 days.
The number of critically ill patients increased. With the inhalation of oxygen or high-frequency oxygen, the
condition of most patients can be improved. Currently, 134 patients were included. For the 41 severely ill
patients, none of them were treated with a non-invasive ventilator or tracheal intubation, and all were
discharged after being cured.
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The individual existence of the virus in each sample varies greatly, ranging from 1 to 48 days (Fig. 2,
Table 2). In general, SARS-CoV-2 has the longest duration in the lower respiratory tract, followed by the
digestive tract. The respiratory tract has the shortest time (Fig. 3), which may be related to the pathogenic
characteristics of SARS-CoV-2. SARS-CoV-2 viral particles are present for longer in the upper respiratory
tract and digestive tract in severe patients than in common patients, with an average difference of
approximately 4–5 days. However, there were no signi�cant differences in the age of SARS-CoV-2 in the
lower respiratory tract between light patients and severe patients (Table 2). The new type of coronavirus
has a longer life in the upper respiratory tract than the common type; the common type is 15.1 ± 7.23
days, the longest existence time is 45 days, the heavy existence time is 20.56 ± 6.59 days, and the longest
is 45 days. The difference between the two is statistically signi�cant (P = 0.00); the time of existence of
SARS-CoV-2 in the lower respiratory tract was 27.45 ± 10.06 days for the common type, 46 days for the
longest, 29.78 ± 10.11 days for the heavy, and 48 days for the longest. There was no signi�cant
difference between the two groups (P = 0.328); the age of the new type of coronavirus in the digestive
tract was 22.6 ± 7.69 days for the common type and 27.24 ± 7.86 days for the heavy type. There was a
statistically signi�cant difference between the two groups (P = 0.01). The existence of a heavy digestive
tract was longer in the severe type than in the common type.

Discussion
According to statistical data, SARS-CoV-2 is generally susceptible, and the proportion of males and
females infected is similar, and it has little to do with whether the diseased area or contact with con�rmed
patients. In addition, the elderly, patients with basic diseases, and immune dysfunction more easily evolve
into critically ill patients. Notably, 48.8% of patients without underlying diseases eventually evolve into
severe disease, so early detection and early treatment are particularly important. SARS-CoV-2 primarily
infects the lower airway and binds to ACE2 on alveolar epithelial cells. The virus activates immune cells
and induces the secretion of in�ammatory cytokines and chemokines into pulmonary vascular
endothelial cells [6], mainly causing pneumonia. SARS-CoV-2 RNA was more readily detected in induced
sputumthan in throat swabs of convalescent COVID-19 patients[7, 8]. The main clinical manifestations
are respiratory symptoms, including fever (75.3%), cough (82%), sputum (38%), and only a small number
of gastrointestinal symptoms, including diarrhoea and bloating[2]. From our statistics, we know that the
presence of the new type of coronavirus in upper respiratory tract specimens is signi�cantly shorter. Even
if 2 or more negative throat swabs or nasopharyngeal swabs are negative, lower respiratory tract
specimens and faecal specimens may continue to detoxify, and these patients are often still infectious.
[2] As mentioned above, the existence of SARS-CoV-2 in the lower respiratory tract is closer to the
calculation of the detoxi�cation time of SARS-CoV-2. Due to statistical data, the average lower respiratory
tract virus clearance time of SARS-CoV-2 is close to one month, but there are large differences among
individuals. The minimum clearance time is 1 day, and the maximum clearance time is 48 days. For the
liquid test, it is recommended to use the sputum test as the standard. If the condition is limited, an upper
respiratory tract specimen must be taken. After reaching the discharged specimen, it is recommended to
continue to isolate the patient for 1 to 1.5 months. There was no signi�cant difference in clearing time in
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the lower respiratory tract between common and severe patients, indicating that the severity of the
disease does not affect the clearance of SARS-CoV-2 in the lung. That is, even in common patients, we
still need to be vigilant with a long detoxi�cation time; even if the patient's symptoms are relieved, and the
imaging absorption is considered to be a complete cure of the patient. The detoxi�cation time of SARS-
CoV-2 may continue until the imaging is completely absorbed. Among the patients we studied, at least 4
had complete absorption, but SARS-CoV-2 could still be detected in sputum. The data of one patient can
be seen in Fig. 4; while in severe patients, even if the imaging has been largely absorbed, �brotic lesions
have formed, and sputum, pharyngeal swabs and SARS-CoV-2 nucleic acid can still be detected in faeces.
Therefore, it is unreliable to judge the course of disease based only on the outcome of imaging results
and improvement of symptoms. We still need to take the results of nucleic acid tests, especially lower
respiratory tract specimens, including sputum �uid or alveolar lavage �uid; sputum specimens have the
advantages of convenient material collection and reduced exposure and should be widely promoted [7].
In addition, 92.6% of severe patients used hormones, and many studies mentioned that hormone use
affects virus clearance, but it can be seen that the use of hormones in small doses as appropriate does
not affect virus clearance [8]. However, due to the small sample size, more data need to be clari�ed. Due
to statistical data, the average lower respiratory tract virus clearance time of SARS-CoV-2 is close to one
month, but there are large differences among individuals. The minimum clearance time is 1 day, and the
maximum clearance time is 48 days.

Conclusion
SARS-CoV-2 RNA more readily detected in induced sputum than in throat swabs of convalescent COVID-
19 patients, and there were no statistical differences in the lower respiratory tract between ordinary and
severe patients. 
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Figure 1

Flow chart of the study population

Figure 2

Comparison of the existence time of SARS-COV-2 in each specimen SD±Standard deviation

Figure 3

Comparison of the existence time of SARS-COV-2 in each specimen SD±Standard deviation
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Figure 4

Patient 1: A young common type patient ,who was still detected sars-cov-2 virus by rRT-PCR with
intrapulmonary absorption and remission of symptoms. Figure 4 is the chest CT result on the �rst day of
onset, suggesting a left lung patch shadow, nodule shadow

Figure 5

Patient 1: A young common type patient ,who was still detected sars-cov-2 virus by rRT-PCR with
intrapulmonary absorption and remission of symptoms. Figure 4 is the chest CT result on the �rst day of
onset, suggesting a left lung patch shadow, nodule shadow. Figure 5 imaging results on the 13th day of
onset shows that the lesion was completely absorbed; the presence of coronavirus in the upper
respiratory tract (pharyngeal swab) lasted for 7 days, the lower respiratory tract for 36 days, and the
digestive tract 30 days. The symptoms of the patient lasted 10 days.
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Figure 6

Patient 2: An old diagnosed patient progressed from normal to severe. Figures 6, 7, 8, and 9 are the
imaging manifestations at 1 week of onset: large ground glass opacity and patches on both lungs,
shadow, paving stone disease, and �ber cord-like shadows, some of which can be consolidated.
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Figure 7

Patient 2: An old diagnosed patient progressed from normal to severe. Figures 6, 7, 8, and 9 are the
imaging manifestations at 1 week of onset: large ground glass opacity and patches on both lungs,
shadow, paving stone disease, and �ber cord-like shadows, some of which can be consolidated.
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Figure 8

Patient 2: An old diagnosed patient progressed from normal to severe. Figures 6, 7, 8, and 9 are the
imaging manifestations at 1 week of onset: large ground glass opacity and patches on both lungs,
shadow, paving stone disease, and �ber cord-like shadows, some of which can be consolidated.

Figure 9

Patient 2: An old diagnosed patient progressed from normal to severe. Figures 6, 7, 8, and 9 are the
imaging manifestations at 1 week of onset: large ground glass opacity and patches on both lungs,
shadow, paving stone disease, and �ber cord-like shadows, some of which can be consolidated.
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Figure 10

Patient 2: An old diagnosed patient progressed from normal to severe. Figures 10 and 11 are the results
of chest CT in January. It is signi�cantly absorbed than before, leaving �ber cord shadows. SARS-CoV-2
RNA was present in the patient in the upper respiratory tract for 37 days, the lower respiratory tract
(sputum) for 36 days, and the digestive tract (faeces) for 37 days.

Figure 11

Patient 2: An old diagnosed patient progressed from normal to severe. Figures 10 and 11 are the results
of chest CT in January. It is signi�cantly absorbed than before, leaving �ber cord shadows. SARS-CoV-2
RNA was present in the patient in the upper respiratory tract for 37 days, the lower respiratory tract
(sputum) for 36 days, and the digestive tract (faeces) for 37 days.
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