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Abstract
Background: In December 2019, the discovery of the novel coronavirus was first

reported in Wuhan, China, which subsequently and rapidly spread throughout the
country and worldwide, resulting in a pandemic.After a year of intense research, our
knowledge of the new coronaviruses has gradually improved; however, knowledge
regarding the time of their complete clearance from the body and the factors
influencing clearance are currently inadequate.

Results:We conducted a retrospective observational study comprising 135
patients above the age of 18 years with a confirmed diagnosis of COVID-19
pneumonia, who were admitted to the Public Health Center of Taizhou Hospital of
Zhejiang Province, Zhejiang University from January 23, 2020, to March 11, 2020. The
findings regarding the duration of the infection from the time of onset to the time of
being asymptomatic (whichever was observed first) indicated that novel
coronaviruses were cleared from the respiratory tract in a maximum of 84 days and a
minimum of 1 day with a median clearance time (quartile) of 20 (13, 30) days.
Moreover, viruses were cleared from the digestive tract in a maximum of 72 days and
a minimum of 5 days with a median clearance time (quartile) of 25 (20.75, 31) days.
The viral shedding time of SARS in the digestive tract was found to be longer than
that in the respiratory tract (p = 0.03). Severe disease (P < 0.001), advanced age (P <
0.001), lymphopenia (P = 0.01) and elevated CRP (P = 0.036) were significantly
associated with longer clearance time in the respiratory tract. Gender (P = 0.754),
novel coronavirus antibodies (P = 0.75), and antibiotic use (P = 0.093) were not
associated with the time span required for the novel coronavirus to be cleared from
the respiratory tract.

Conclusions: Independent risk factors for the longer clearance time of novel
coronaviruses in the digestive tract versus that in the respiratory tract were
compared. Severe disease, advanced age, lymphopenia, and elevated CRP were
determined to be factors prolonging the clearance of novel coronaviruses.

Keywords: viral shedding time, risk factors, SARS-CoV-2, COVID-19, digestive
tract, respiratory tract, antibodies



Background

In December 2019, the discovery of the novel coronavirus was first reported in

Wuhan, China, which subsequently and rapidly spread throughout the country and

worldwide, resulting in a pandemic[1-3]. Individuals in over 250 countries and

regions have been affected; especially, the cases in the United States, India, Brazil,

Russia, and France, have been the most catastrophic. The domestic situation is under

control as the outbreak has been effectively managed with a lowering of the

geographic temperature; however, the current global situation does not appear

optimistic. With a concomitant increase in studies related to the understanding of

the novel coronavirus and the implementation of effective prevention and control

measures, palliative care can be provided to affected patients. Additionally, mortality

rates have substantially decreased, and after a year of intense research, our

knowledge of the new coronaviruses has gradually improved; however, knowledge

regarding the time of their complete clearance from the body and the factors

influencing clearance are currently inadequate. It has been established that novel

coronaviruses can be transmitted not only through the respiratory tract but also

through the digestive tract[2, 4, 5], urine, blood, and other routes[6], especially in

the respiratory tract, with the highest detection rate in the digestive tract[7]. High

viral loads have been detected in samples from the respiratory tract, especially in

sputum samples.The SARS-COV-2 is mainly transmitted through respiratory

droplets,whereas in the digestive system,the transmission is mainly through the

fecal-oral route[7, 8].

Methods
We collected the clinical and laboratory data from 143 patients with confirmed

SARS-CoV-2, who were diagnosed with COVID-19 pneumonia between January 23,
2020, to March 11, 2020, based on reverse transcription-polymerase chain reaction
(RT-PCR) analysis of respiratory samples. We excluded one pregnant woman, two
patients younger than 18 years of age, and five patients whose viral clearance time
exceeded 100 days. A total of 135 patients were included in our retrospective study
(Figure 1). We followed up these 135 patients with a confirmed diagnosis of
COVID-19 pneumonia for 8 months. We defined the time to complete clearance in
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vivo, i.e., from the onset of symptoms to the point when negative results were
obtained in the nucleic acid testing of respiratory swabs (sputum, throat swabs, and
nasopharyngeal samples) and alimentary-tract samples (feces) and remained
negative until follow-up. All methods were carried out in accordance with relevant
guidelines and regulations.The diagnosis and severity of the condition on admission
and therapeutic regimen were assessed based on the latest SARS-CoV-2 infection
guidelines issued by the World Health Organization on March 13, 2020. Patients were
categorized into the five following classes depending on disease severity: mild illness,
pneumonia, severe pneumonia, acute respiratory distress syndrome (ARDS), and
sepsis/septic shock. To simplify the process, mild disease and patients who were
asymptomatic carriers were combined as “mild disease;” those with severe
pneumonia, sepsis/septic shock were considered to have “severe disease” for the
purpose of this study. Thirty asymptomatic patients, who were carriers, were
included in this study. Most were diagnosed with pneumonia except for three mildly
affected patients, whose imaging data showed no remarkable changes. Patient
characteristics, treatment regimens, and outcome data were obtained from their
electronic medical records. Informed consent was obtained from patients or their
family members; Ethical approval was granted by the Ethics Committee
/Institutional Review boardof Enze Hospital of Taizhou ENze Medical
(CenterNO.K20200204).

The diagnosis of SARS-CoV-2 infection was confirmed in all patients using RT-PCR
analysis of the respiratory samples, including nasal swabs and digestive samples that
were collected daily. The recommended protocols were followed for specimen
collection. The diagnosis was based on the criteria recommended by the National
Institute for Viral Disease Control and Prevention (China)
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(http://ivdc.chinacdc.cn/kyjz/202001/t20200121_211337.html).

Statistical analysis

Data were analyzed using SPSS software and continuous variables are expressed

as mean + standard deviation, or median and interquartile range, as appropriate.

Differences between groups were analyzed using t-tests or Mann Whitney U test;

categorical variables are expressed using frequencies (percentages) and were

analyzed based on the intergroup differences using Chi-square test or Fisher’s exact

test. Rank correlation analysis was performed on laboratory data to identify the

independent risk factors associated with prolonged disease duration after

SARS-CoV-2 shedding. Kaplan-Meier survival analysis was used to determine the

cumulative negative rate of SARS-CoV-2 viral shedding time and stratified log-rank

statistics were used to compare the difference in SARS-CoV-2 clearance between

different groups. All statistical analyses were performed using SAS 9.4 software (SAS

Institute Inc., Cary, NC, USA). P < 0.05 was considered statistically significant.

Results

Patient characteristics

Table 1 summarizes the baseline characteristics of patients enrolled in this

analysis. A statistical description of all baseline characteristics is presented with

categorical variables expressed as the number of cases (constituent ratio), normally

distributed continuous variables as the mean + standard deviation, and non-normally

distributed continuous variables as the median (interquartile range). It can be seen in

Table 1 that the study cohort comprised 41 (30.4%) patients with severe infection; 71

(52.6%) were male, and the number of male and female patients was almost similar

with a mean age of 48.3 + 13.5 years. Moreover, 9.6% of patients had a history of

smoking; the main symptoms exhibited by patients included cough (82.2%),

expectoration (38.5%), fever (78.5%), whereas some patients complained of fatigue

(31. 9%), chest tightness (31.8%), nausea (11.1%), and diarrhea (23.0%). There were

40.7% patients with combined underlying diseases, mainly hypertension and



diabetes mellitus, which accounted for 14.8 and 10.4%, respectively. Therapeutically,

antiviral therapy was provided to all patients and oxygen therapy was used in 67.4%

of patients. Lopinavir, ritonavir, and interferon-alpha were the most commonly used

antiviral regimens; For some of the persistently positive patients, the antiviral,

abiraterol, was used according to the guidelines.
Table 1：The Demographic datas, Clinical Manifestations and Treatment of the
patients were included in the study

ALL（n=140）
Severe 41（30.4%）
Age, y 48.3±13.5
Male sex 71（52.6%）
Current smoker 13（9.6%）
Exposure history in
Epidemic Area

67（49.6%）

Exposure history to confirmed

patients, % (n)

65（48.1%）

Symptoms
Cough 111（82.2%）
Expectoration 52（38.5%）
Fever 106（78.5%）
Diarrhea 31(23.0%)
Nausea 15(11.1%)
hypodynamic 43（31.9%）
Chest distress and shortness
of breath

43(31.8%)

Comorbidity, % (n)
55（40.7%）

 Hypertension
20(14.8%)

 Diabetes
14(10.4%)

Coronary heart disease 2(1.5%)
Duration from illness onset
to hospital admission,
median (IQR), days

2（1，5）

Treatment
Corticosteroid 44(32.6%)
Immune Globulin 39（28.9%）
Oxygen and High Frequency
Oxygen

91(67.4%)
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Antibiotics 55(40.7%)
Antibody 106
Antibody positive 93（87.7%）

Data are presented as mean ± standard deviation or n (%).

Except for the use of invasive therapy using a ventilator in a critically ill patient,

the other critically ill patients received therapy involving frequency oxygen inhalation.

Moreover, 32.6% of the patients were started on hormonal anti-inflammatory

prophylaxis to prevent the occurrence of a cytokine storm; 28.9% of the patients

received immunoglobulins and 40.7% of the patients were prescribed concurrent

antibiotics. Eventually, all patients who recovered were discharged. During the

follow-up after 8 months, all patients exhibited complete viral transformation and

showed no further recurrence. We performed an antibody test in 106 patients and

found that 93 of positive patients (87.7%) and the SARS-COV-2 antibody negative

patients were continuously negative for antibodies at the 8-month follow-up;

however, those with SARS-COV-2 RNA could still show negative results. Additionally,

two of the patients who initially tested positive for SARS-COV-2 antibodies

subsequently tested negative at the most recent follow-up, indicating that antibodies

cannot persist over a prolonged

duration.
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In our analysis, we found the clearance time of SARS-CoV-2 to vary considerably, with

some patients having maximum respiratory clearance times of as high as 173 days.

For ease of statistical analysis, we excluded the outliers with viral clearance times

greater than 100 days and analyzed the data of the remaining 135 patients. Among

these included patients, the average time for virus clearance in the respiratory tract

was 22.84 days; the median time was 20 (13, 30) days, the maximum time was 84

days, and the minimum time was 1 day. In a simultaneous fecal test to identify the

disease etiology, the viral RNA was detected in 86 patients. The findings indicated

that the virus was cleared from the digestive tract after a mean duration of 26.1 days,

with a median clearance time of 25 (20.75, 31) days, with a minimum of 5 days and a

maximum of 72 days, relative to the viral strain that was cleared from the digestive

tract after a longer duration than that from the respiratory system (P = 0.03,Figure 2).

Risk factors for prolonged SARS-CoV-2 RNA shedding

We collected data related to routine blood analysis, biochemical evaluations,

and TBNK, lymphokines, and blood gas analysis of patients in the early stage of the

disease as well as the follow-up results of the antibody test. Moreover, the clinical

manifestations and presentation during the remission of symptoms were also

considered to analyze the factors related to the clearance time of SARS-CoV-2. The

correlation between disease severity and antibody production, advanced age,



presence of comorbidities, the use of hormonal therapy, immune-function deficiency,

and virus clearance time was analyzed.

Table 2. Rank correlation analyses of factors associated with duration of SARS-CoV-2 Virus RNA detection

Variable Spearman Rank Correlation
Coefficlient

Variable Spearman Rank Correlation Coefficlient

Rank
Correlation
Coefficlient

p N Rank
Correlation
Coefficlient

p N

Lymphocyte
absolute value

-0.29 0.01 135 Sever cases 0.349 ＜0.001 135

CRP 0.185 0.036 129 Age 0.312 ＜0.001 135
CD8% -0.237 0.006 134 sexuality 0.027 0.754 135
CD3 absolute
value

-0.29 0.001 129 Current smoker -0.004 0.967 135

CD４ absolute
value

-0.215 0.019 119 Exposure history to
confirmed patients

0.202 0.019 135

CD6+CD56
absolute value

-0.220 0.016 119 Exposure history to
confirmed patients

-0.235 0.007 135

TCD3% -0.191 0.037 119 Comorbidity 0.201 0.02 135
BCD% 0.190 0.039 119  Corticosteroid 0.294 0.001 135
CD8 absolute
value

-0.364 ＜

0.01
119 Immuneglobulin 0.324 ＜0.001 135

CD19 absolute
value

-0.204 0.026 119 Oxygen or High
Frequency Oxygen

0.316 ＜0.001 135

Antibody positive -0.031 0.75 106 Antibiotics 0.145 0.093 135
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Based on the results of our study, we found that the time to clearance of
SARS-CoV-2 from the respiratory system was significantly (Figure 4, A, log-rank P <
0.01) associated with the use of hormones (Figure 4, C, log-rank P = 0.03), the use of
immunoglobulins (Figure 4, D, log-rank p = 0.01), the use of oxygen therapy (Figure3,
B, log-rank P < 0.01), history of exposure of affected patients (Figure 4, E, log-rank P
= 0.025), and the presence of comorbidities (Figure 4, H, log-rank P = 0.09); that is,
patients who were critically ill and received hormone therapy, immunosuppressive
agents, or oxygen therapy, and those with comorbidities were found to exhibit



prolonged clearance of the novel coronavirus. Interestingly, we found that prolonged
clearance of the novel coronavirus was associated with patients with a history of
visits to areas where the epidemic was prevalent. (Figure 4, F, log-rank P = 0.09).
Additionally, patients who had a history of contact with individuals in
epidemic-prone areas showed a longer virus clearance time than those without a
history of contact. Moreover, the time from disease onset to hospital admission
(Figure 4, G, log-rank = 0.274) and gender (Figure 4, I, log-rank = 0.798) were not
significantly different in terms of respiratory clearance time of the virus.

To further test our hypothesis, we performed a rank correlation analysis to

evaluate the results of laboratory tests, including blood routine, biochemical,

immunological series, new corona antibodies, and blood gas analysis, in relation to

the clearance time of SARS-CoV-2. The results are shown in Table 2.

Our findings indicated that the main factors affecting viral clearance time in the

respiratory tract are the lymphocyte counts, including T cell (absolute CD3, CD4, and

CD8 levels) and B cell (absolute CD 19 counts) immunity, and NK cell (CD16 + CD56

absolute values) immunity. High levels of lymphocytes were negatively correlated

with the novel coronavirus virus clearance time, i.e., lymphopenia, with a prolonged

clearance time of the novel coronavirus, which is consistent with our findings that in

immunocompromised patients, the SARS-CoV-2 clearance time would be prolonged.

Additionally, we found that CRP levels were positively correlated with the virus

clearance time in the respiratory tract (Table 2, P = 0.036). In other words, the higher

the CRP, the longer the virus clearance time. The presence of antibodies had little

relationship with the respiratory clearance time of patients (P = 0.75). Among other

factors, we found that critically ill patients, the use of hormones and

immunoglobulins, oxygen therapy, advanced age, and patients with comorbidities

were positively correlated with SARS-CoV-2 clearance time, which was consistent

with data from our previous analysis. Importantly, smoking, gender, and the use of

antibiotics did not play a role in the clearance time of SARS-CoV-2.

Discussion：

Current studies on COVID-19 are generally limited to the description of early

clinical, hematological, and radiological findings. To date, only a few studies have

reported the time required for RNA shedding of SARS-CoV-2, and among these, the
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data are mostly limited to the early stages of the outbreak. Ours is the first study to

follow up on patients with COVID-19 and to determine whether they were

completely negative for the antibody after a period of 8 months. In this study, we

also documented the risk factors associated with complete clearance of SARS-CoV-2

in the respiratory tract.

We determined that the median clearance time of SARS-CoV-2 from the

respiratory tract was 20 (13, 30) days, with a mean clearance time of 22.84 (Figure 2,

A). The median clearance time of SARS-CoV-2 from the digestive tract was 25 (20.75,

31) days, with a mean clearance time of 26.1 (Figure 2, B). The viral shedding time of

SARS in the digestive tract was determined to be longer than that in the respiratory

tract (p=0.03, Figure 3).

Viral clearance was found to be a maximum of 173 days in our study and five

patients exhibited viral clearance time greater than 100 days (3.6%). For ease of

statistical analysis, we excluded these extreme values. Chenliang Zhou et al. reported

the viral clearance time of 111 days in a male patient; the median viral clearance

time of patients was determined to be 32 days in that study. Most patients

developed viral shedding within 60 days[9] in contrast to that determined in our

study as well as a study with 113 patients with COVID-19 that reports the median

duration of viral RNA as 17 days[10].

Our findings indicated that the viral clearance from the digestive system was

longer than that observed for the respiratory system (Figure 3, P = 0.03). There exists

the possibility of transmission via the fecal or oral route in patients who test negative

for novel coronavirus RNA in sputum samples[8, 11]. Even if negative test results are

consistent when multiple sputum specimens are analyzed, repeated analysis of stool

specimens do not consistently yield a negative antibody result, which indicates a

greater likelihood of reinfection at a later stage. Therefore, the management of

excretions of patients diagnosed with COVID-19 needs to be addressed and further

enhanced[2, 5].

We found that disease severity, the use of hormones and immunoglobulins,

oxygen therapy, advanced age, and comorbidity were associated with prolonged



clearance time of SARS-CoV-2; however, gender, and the administration of antibiotics

did not affect viral clearance time (Figure 4, Table 2), unlike the study in which Kaijin

Xu et al. concluded that male sex was an independent risk factor associated with

prolongation of viral clearance[10]. In addition, Chenliang Zhou et al. reported that

disease severity was not significantly associated with viral clearance time; however,

age was positively associated with viral clearance time[9]. As therapy involving

hormones, immunoglobulins, and high-frequency oxygen inhalation was reserved

only for critically ill patients, these factors do not serve as independent risk factors

for prolonged clearance of the novel coronavirus.Moreover,we did not have special

intervention for patients with comorbidities or elderly patients; therefore, we have

reason to suggest that severe disease and advanced age may serve as independent

risk factors in this aspect.This may be owing to the combination of important basic

diseases and advanced age,which weaken the ability of the patient to resist

infections,thereby prolonging the shedding time of SARS-COV-2.

Patients who had direct contact with an infected individual had prolonged viral

shedding times. On the other hand, patients who developed the infection after

visiting an epidemic-stricken area had a comparatively shorter viral shedding time

compared to those who did not visit areas affected by the epidemic. This may be

associated with less airborne viral loads; however, the specific details need to be

further studied.

In terms of laboratory tests, we found that lymphopenia, including low levels of

T, B, and NK lymphocytes, was an independent risk factor contributing to prolonged

viral clearance (Table 2, P = 0.01)[12]. Laboratory tests were suggestive of

lymphopenia as a common presentation. In a recent study, lymphopenia was

observed in 914 (83.2%) of the 1099 enrolled patients[13].Another study showed

that patients with severe COVID-19 had significantly fewer T cells (especially CD8+ T

cells) compared to those with the mild form of the disease[14]. The expression of

PD-1 in T cells of COVID-19 patients was significantly higher compared to that in the

healthy controls[12]. Patients with COVID-19 have decreased CD3+, CD4+, CD8+ T

cells, CD19+ B cells, and CD16+/CD56+ NK cells in the blood[15], which can be



attributed to disease severity. Furthermore, lymphopenia may be a risk factor

associated with cytokine storms and is likely a major cause affecting the clearance of

SARS-CoV-2. In our study, CRP levels were positively correlated with viral clearance

time (Table 2, P = 0.036). CRP is rapidly synthesized when hepatocytes are stimulated

during inflammation. CRP binds to several eukaryotic and prokaryotic pathogens and

promotes complement activation via the classical pathway, suggesting immune

activation, lymphocytic infiltration, depletion of immune molecules, and cytokine

storm. In a clinical setting, elevated CRP levels serve as an early indicator of

nosocomial infections in patients with COVID-19. These patients take longer to

recover; therefore, early commencement of empirical antibiotic therapy may prevent

deterioration[16]. We analyzed the data of 106 patients and found that 93 patients

were positive for SARS-CoV-2 antibodies, 87.7% were negative, and 93 patients were

persistently negative at the 8-month follow-up. Thus, the presence of antibodies did

not correlate with the clearance time of SARS-CoV-2 (Table 2, P = 0.75). Additionally,

two patients tested positive for COVID-19 at the follow-up, although the disease

intensity diminished at follow-up compared to the initial findings. Whether the

SARS-CoV-2 antibody has a protective effect on patients warrants further studies.

Summary
SARS-COV-2 took longer to clear from the digestive tract compared to that in

the respiratory tract. Disease severity, advanced age, elevated CRP levels, and

lymphopenia were independent risk factors for prolonged viral clearance, whereas

gender and the presence of antibodies did not affect the clearance time of this

respiratory virus. In the current study,we determined the virus shedding time and

factors influencing clearance based on a follow-up of patients for up to

8months.Compared to that of previous studies,the conclusion deriverd from this

present study are more convincing.Additionally,we also confirmed that low immunity

is the primary reson leading to the prolonged clearance time of SARS-COV-2.This

aspect is of great significance for predicting patient isolation time and guiding the

next steps in preventing the spread of the epidemic.However, our study has some

shortcomings. First, our data is relatively limited and comprised only 135 cases.



Second, because of the discrepancy in findings compared to that of published studies,

a larger patient pool is required to further strengthen our findings. Lastly,our study

only compares and evaluates the initial laboratory datas,which represents the initial

test status of the patient.It does not analyze the subsequent dynamic observation

laboratory datas.However,in this study,we found that the disease severity of some

patients have changed from mild to severe.It is,therefore,important to monitor these

patients over time.

Abbreviation:
Coronavirus disease 2019 (COVID-19), Severe acute respiratory syndrome coronavirus 2
(SARS-CoV- 2), Acute respiratory distress syndrome (ARDS), Interquartile range (IQR),
Real-time reverse transcription–polymerase chain reaction (RT-PCR), Middle East
Respiratory Syndrome (MERS)
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Figures

Figure 1

Flow diagram of patients with con�rmed COVID-19 included in this study



Figure 2

Viral Sheddin / Clearance Time of SARS-COV-2 in Digestion and Respitory diagram of novel
coronaviruses in the digestive and respiratory tract viral clearance time, with digestive tract specimens
being faeces, respiratory specimens being sputum or nasopharyngeal swabs or throat swabs, and most
specimens being sputum specnnens.



Figure 3

The comparison of Viral Shedding / Clearance Time of SARS-COV-2 in digestion and respiratory



Figure 4

Please see the Manuscript PDF �le for the complete �gure caption.
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