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Abstract

This study aimed to identify the specimen type that has high positivity and its proper sam-

pling time for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) testing to

promote diagnostic efficiency. All SARS-CoV-2-infected patients with a laboratory-con-

firmed diagnosis in Zhoushan City were followed up for viral shedding in respiratory tract

specimens and faecal samples. Positivity was analysed both qualitatively and quantitatively

by proper statistical approaches with strong testing power. Viral shedding in respiratory tract

and faecal specimens was prolonged to 45 and 40 days after the last exposure, respec-

tively. The overall positive rate in respiratory tract specimens was low and relatively unsta-

ble, being higher in the early-to-mid stage than in the mid-to-late stage of the disease

course. Compared with respiratory tract specimens, faecal samples had a higher viral load,

higher overall positive rate, and more stable positivity in different disease courses and varied

symptomatic status. Faecal specimens have the potential ability to surpass respiratory tract

specimens in virus detection. Testing of faecal specimens in diagnosis, especially for identi-

fying asymptomatic carriers, is recommended. Simultaneously, testing respiratory tract

specimens at the early-to-mid stage is better than testing at the mid-to-late stage of the dis-

ease course. A relatively small sample size was noted, and statistical approaches were

used to address it. Information was missing for both specimen types at different stages of

the disease course due to censored data. Our research extends the observed viral shedding

in both specimen types and highlights the importance of faecal specimen testing in SARS-
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CoV-2 diagnosis. Healthcare workers, patients, and the general public may all benefit from

our study findings. Disposal of sewage from hospitals and residential areas should be per-

formed cautiously because the virus sheds in faeces and can last for a long time.

Introduction

Coronavirus disease (COVID-19), caused by severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2), has rapidly spread worldwide. The current epidemiological situation is not

optimistic. As of January 9, 2021, more than 87.58 million cases and more than 1.90 million

deaths have been reported globally [1], and several countries are facing new rounds of lock-

down. By January 5, 2021, two different variants of SARS-CoV-2 have been reported in more

than 40 countries/teritories/areas [2]. Generally, virus is not detectable until it is expelled from

the host cell after successful replication, and the process is known as viral shedding. Fluoro-

genic real-time quantitative polymerase chain reaction (RT-qPCR) assay and genome sequenc-

ing are two techniques widely used in viral nucleic acid detection, and the former is usually

preferred over the latter in SARS-CoV-2 testing and diagnosis. This is because the RT-qPCR

assay overcomes the limitations of genome sequencing in aspects such as a high error rate,

high technical requirements, insufficient reliability of antibody reagents, and low cost-effec-

tiveness [3]. Lessons from other coronaviruses revealed that viral shedding duration and RT-

qPCR assay testing positivity varied among different types of specimens [4–6]. However, lim-

ited information is known and no analysis has been conducted on SARS-CoV-2 [7–9]. Under-

standing the viral shedding pattern is helpful for timely and efficient diagnosis, which plays

a decisive role in identifying the infection source, prompt isolation, conducting treatment,

ending quarantine for the infected person, and disease prevention and control among the

population.

We therefore aimed to identify the specimen type that has higher positivity and corre-

sponding proper time of sampling, among commonly used respiratory tract and faecal speci-

mens for SARS-CoV-2, to promote diagnosis efficiency. To achieve our goals, viral shedding

patterns were observed, viral load was measured by Cycle threshold (Ct) values of RT-qPCR

assay, and positive rates were analysed.

Materials and methods

Ethical approval

This study was approved by the internal ethics committee of Zhoushan CDC. By Law of the

People’s Republic of China on Prevention and Treatment of Infectious Disease and relative

regulations, all individuals within the territory of the People’s Republic of China must accept

preventive and control measures of infectious diseases, such as investigation, inspection, sam-

ple collection, isolation and treatment [10]. Consent for sampling, testing and investigation

from participants was exempted by law. No medical records were used for collecting informa-

tion. All data had been fully anonymised before the transfer to the study group.

Study design and case definition

A cross-sectional survey of baseline SARS-CoV-2 infection status was first conducted on all

suspected person regardless of ethnicity and nationality from January 19 to March 2, 2020. To

be more specific, our study included patients from the fever clinic, COVID-19 self-reported
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person, close contact of confirmed COVID-19 patients, and participants from surveillance

programmes such as Influenza-Like Illness (ILI) and severe acute respiratory infection (SARI)

in Zhoushan City. In order to enrol as many SARS-CoV-2 infected person as possible, no

exclusion criteria was applied to the survey. Participants with equivocal test results and close

contacts of known patients were kept in quarantine at the hospital and tested repeatedly. Then

patients were followed up for observation of viral shedding in two types of biospecimens. Fol-

low-up was initiated on the day of enrollment and terminated on March 2, 2020, or the last

testing day with a negative result if the patient was tested negative on both 14 days and 28 days

after discharge, whichever came first. According to the definition of China Centre for Disease

Control and Prevention (China CDC), cases were defined as patients with confirmed diagnosis

of SARS-CoV-2 infection by RT-qPCR assay [11]. Patients with samples of only one specimen

type were excluded in further analyses because we focused on the comparison of the two speci-

men types.

Sample collection

Respiratory tract specimens (i.e., nasopharyngeal swab and deep cough sputum), faeces, urine

and serum specimens were collected. Inpatient specimens were collected by ward nurses, and

specimens of other participants were collected by qualified CDC staff. All specimens were

stored at 4˚C for transportation and delivered to the laboratory in Zhoushan Municipal CDC

within 2 hours. Multigelation (i.e., repeated freezing and thawing) of specimens was strictly

prohibited.

Nucleic acid extraction and PCR amplification

The device model ABI ViiA 7 Real Time PCR System and corresponding software were used.

Molecular testing kits, article number SJ-HX-226-1,2, manufactured by Shanghai BioGerm

Medical Biotechnology Co., Ltd, were used for all tests. Viral RNA was extracted from the col-

lected specimens (150 μl) using a Viral RNA Mini Kit (Qiagen, article number 74104, Ger-

many) according to the manufacturer’s protocols. The nucleic acid was manually added into

the reaction system (RT-qPCR reaction fluid, 12 μl; RT-qPCR enzyme mixture, 4 μl; and

SARS-CoV-2 primer probe, 4 μl). After instantaneous low-speed centrifugation, the mixture

was added to the RT-qPCR device for amplification. The mixture was first reverse transcribed

through the following steps: 50˚C for 10 min for 1 cycle; pre-denaturation at 95˚C for 5 min

for 1 cycle; then denaturation at 95˚C for 10 s and annealing/extension at 55˚C for 40 s

repeated for 40 cycles. Pre-treatment, RNA extraction, and PCR amplification were completed

within 4 hours after sampling to minimise molecular decomposition. All specimens were pro-

cessed in a biosafety level-2 laboratory, and all procedures except for PCR amplification were

carried out in biological safety cabinets. Personnel used protective measures such as an N95

mask (3M, type number 1860), a surgical cap, goggles, medical protective clothing, shoe cover,

and latex gloves. All laboratory wastes were treated as infectious medical wastes, disposed into

specific medical garbage bags, and then sterilised in autoclaves.

Data analyses

For different specimen types, positive rates were calculated as the number of positive samples

divided by the number of all tested samples among the whole tested population and cases. The

suspected exposure date was investigated retrospectively for cases. The following age groups

were considered in this study using the criterion of China Information System for Disease

Control and Prevention: 0–15, 16–25, 26–45, 46–65, and 66-maximum. Participants

with fever, running nose, nasal congestion, cough, and sneeze were categorised as being
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symptomatic. Pearson’s chi-square tests with/without Yate’s continuity correction were

applied based on the eligibility to explore the association between positivity and covariates,

such as age, sex and symptomatic status, among the study population for both specimen types.

Viral shedding duration was defined as the timespan of viral shedding in units of days and was

calculated as the last date with a positive RT-qPCR result minus the first date with a positive

RT-qPCR result plus 1. A positive RT-qPCR result meant either a Ct value of the ORF1ab

region <40 or a Ct value of the N region <40 in the RT-qPCR assay. Furthermore, the differ-

ence in viral shedding duration between respiratory tract and faecal specimens was analysed

using Wilcoxon signed-rank test. The Ct values of RT-qPCR assay were analysed using Wil-

coxon rank-sum test. Moreover, test results of varied specimens collected on the same date of

the same case were recorded, and their consistency was analysed using McNemar’s chi-square

test with continuity correction.

Finally, time value was added to illustrate positivity among varied specimen types in differ-

ent disease courses. Cumulative positive rates were measured to diminish the unsteadiness of

representativeness caused by a small test frequency of the RT-qPCR assay. To be more specific,

the cumulative positive rate of day X (as the day after the last exposure) backward was calcu-

lated as cumulative positive test frequency from day 1 to day X divided by cumulative total test

frequency from day 1 to day X. Moreover, cumulative positive rate of day X forward was calcu-

lated as cumulative positive test frequency from day (X+1) to the last testing day divided by

cumulative total test frequency from day (X+1) to the last testing day. For every single day,

cumulative positive rate of day backward and that of day forward were calculated and further

compared as paired data using Wilcoxon signed-rank test. The comparisons were repeated

for both respiratory tract specimens and faecal samples. R (The R Foundation, version 3.6.3)

and its package {ggplot2} (version 3.2.1) were used for data analyses and visualisation. Two-

sided testing was applied to all statistical analyses, and P<0.05 was considered statistically

significant.

Results

Analyses of the whole study population

From January 19 to March 2, 2020, a total of 1,384 participants were enrolled and 2,148 speci-

mens were tested. Positive signals were detected in 29 of 1,977 respiratory tract specimens

(1.47%) and 51 of 171 faecal specimens (29.82%). No urine or serum specimen was positive

(n = 8 and n = 12, respectively). Equivocal results of 9 respiratory tract specimens and 1 faecal

specimen (of 6 different individuals) were reported, and in fact, the corresponding participants

all had a confirmed diagnosis based on tests conducted on other dates. Notably, specimens col-

lected from 117 participants from the ILI surveillance programme and 18 from the SARI sur-

veillance programme testing for both SARS-CoV-2 and influenza (A/H3N2, A/H1N1, B)

reported no co-infection of SARS-CoV-2 and influenza. Each of the 1,384 participants had at

least one respiratory tract specimen and one faecal sample tested. As shown in Table 1, the age

range of our participants was 0–103 years, with a median age of 36 years. The male-to-female

ratio was 1.02, and 64.38% of them had signs such as fever, running nose, and cough. Chi-

square tests revealed that age group was significantly associated with positive rates of SARS-

CoV-2 infection, for both specimen types (P = 0.002 and<0.001 for respiratory tract and

faecal specimens, respectively). Meanwhile, asymptomatic participants had a lower positive

rate for respiratory tract specimen than symptomatic participants (P = 0.005), whereas the

positive rate of faecal samples did not show any significant difference by symptomatic status

(P = 0.295). Finally, sex was not statistically significantly associated with SARS-CoV-2 positiv-

ity in either specimen type (P = 0.389).
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Description of cases

By the time our study initiated, no known case had been reported previously. During the

whole study period, only 10 participants met our criteria as cases; their viral shedding charac-

teristics in different specimen types are illustrated in Fig 1 and Table 2. These 10 cases were fol-

lowed up for 12–39 (median 23.5) days for viral shedding in respiratory tract secretion and

16–29 (median 20) days for viral shedding in faecal samples. No one dropped out of the fol-

low-up. Of these 10 cases, all were Chinese, 5 were male, 4 were asymptomatic, and their age

ranged from 7 to 68 (median 41) years. The frequency of repeated specimens from each case

varied from 6 to 21 (median 10.5) and 3 to 15 (median 7), for respiratory tract and faecal speci-

mens, respectively. Viral shedding in respiratory tract specimens lasted for 1–33 (median 12)

days and was still detectable on days 6 to 45 (median day 23) after the last exposure. Viral shed-

ding in faeces lasted for 1–26 (median 17.5) days, and it was still detectable on days 11 to 40

(median day 28) after the last exposure. Moreover, the difference in the observed viral shed-

ding duration between two specimen types was not statistically significant (P = 0.688). Of

note, we discovered 1 case with recurrent positive results in respiratory tract specimen after

discharge, and 3 cases with positive results in faecal samples in their final tests before discharge

on the last observation day (Table 2).

Analyses of positivity in two specimen types among 10 cases

Among these 10 cases, 29 of 117 respiratory tract specimens were reported positive, and the

positive rate was 24.79%. Likewise, 51 of 82 faecal specimens were tested positive, making the

positive rate as high as 62.20%. Ct values of the ORF1ab and N regions from respiratory tract

specimens were higher than those from faecal specimens (P = 0.002, Fig 2). More specifically,

it was the N region that Ct values differed by specimen types (P = 0.006). Additionally, with

poor consistency among two specimen types, McNemar’s test with continuity correction sug-

gested faecal specimens had a higher positive rate than respiratory tract specimens (McNe-

mar’s χ2 = 12.19, P<0.001, Kappa = 0.034, Table 3). Finally, cumulative positive rates of day X

backward were suggested to be higher than those of day X forward for respiratory tract speci-

mens from day 6 to day 28 (i.e. 6�X�28), with P values ranging from 0.0008 to 0.041. Con-

versely, no statistically significant difference was identified in any day for cumulative positive

rates of day backward/forward comparison for faecal specimens (Fig 3).

Table 1. Distribution of positivity for the 1,384 participants.

Total (N = 1,384) Negative (n = 1,374) Positive (n = 10)

Age, years

0–15 132 130 2

16–25 138 138 0

26–45 639 634 5

46–65 348 346 2

66–103 127 126 1

Sex

Male 699 694 5

Female 685 680 5

Symptomatic status

Symptomatic 891 885 6

Asymptomatic 493 489 4

Participants with fever, running nose, nasal congestion, cough, and sneeze are categorised as being symptomatic.

https://doi.org/10.1371/journal.pone.0247367.t001
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Discussion

Key results

In this study, we report several meaningful discoveries. To start with, the Ct values of respira-

tory tract specimens by RT-qPCR assay were higher than those of faecal specimens for the

whole observed disease course. With the reverse relationship between Ct value and viral load,

we reported a higher viral load for faecal specimens than that for respiratory tract specimens.

Additionally, McNemar’s chi-square test with continuity correction suggested a higher posi-

tive rate in faecal specimens than in respiratory tract specimens for the whole observation

period. These findings suggest that faecal specimens surpass respiratory tract specimens in

virus detection in our study. Moreover, faecal positivity did not vary by symptomatic status or

disease course. Together with the fact that the virus remained detectable in faeces on day 40

from the last exposure, we recommend testing of the faecal specimen during diagnosis, espe-

cially for identifying asymptomatic carriers in disease surveillance. As for respiratory tract

specimens, viral shedding prolonged to day 45 after the last exposure. Higher cumulative posi-

tive rates of specimens collected on continuous days 6–28 (inclusive) backward than those col-

lected on the corresponding day forward suggest that the best sampling time is during days

6–28 after the last exposure, which occurs during the early-to-mid stage of the disease course.

Fig 1. Cycle threshold (Ct) values of fluorogenic real-time quantitative polymerase chain reaction (RT-qPCR) assay targeting

the ORF1ab and N regions of SARS-CoV-2 on days after the last exposure for 10 independent cases. Marks in the grey area

indicate specimens with equivocal results, and those in the yellow area indicate specimens with negative results. Negative specimens

with no accurate Ct values were assigned to random numbers from 40 to 43 only for better visualisation. A, Gathered scatter plot.

Numbers on the upper right or top of the marks represent individual case number. Different shapes represent the ORF1ab and N

genes respectively and distinct colours represent specimen types, namely, respiratory secretions, faeces, urine and serum. B,

Individual scatter plot.

https://doi.org/10.1371/journal.pone.0247367.g001
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Therefore, testing of respiratory tract specimens in the early-to-mid stage is better than testing

at the mid-to-late stage of the disease course.

Interpretations

To the best of our knowledge, studies of SARS-CoV-2 are limited, and the findings of the pres-

ent study are novel. Published literature mainly focused on transmission dynamics, epidemio-

logical features, clinical characters, genomics, psychology, and comments on COVID-19 [12],

and a few reported positivity and viral shedding pattern [13]. Our finding is in agreement with

a documented positive rate of 48.1%-66.67% in faecal samples [14–16] and is slightly lower

than the positive rate of 29.6%-61.3% among throat swabs reported previously [17, 18]. With

regard to the viral shedding pattern, despite an incubation period of 1–14 days [19], our

observed longest viral shedding on day 45 after the last exposure in respiratory tract specimens

and for a duration of 26 days in faecal samples are still much longer than the previously

reported viral shedding of day 24 after disease onset in nasopharyngeal aspirates and for a

duration of 1–7 days in faecal samples [20]. Simultaneously, lately published data suggest a

lower Ct value in rectal swabs than in nasopharyngeal swabs among children under 15 years

old [21]. Our finding is in line with their opinion but in a different age group, and we

strengthen our opinion by scientific strategies. All these progresses we made led to a step

towards better understanding of the novel virus and are of practical meaning in clinical

Table 2. Viral shedding characteristics in different specimen types for 10 cases of SARS-CoV-2 infection.

Case Sex Age,

years

Symptomatic

status

Day of follow-up (n) Frequency of specimen (n) Detectable duration of

viral shedding (days)

Observed on the last day

(after the last exposure) of

viral shedding

Respiratory

tract

specimen

Faecal

specimen

Subtotal Respiratory

tract

specimen

Faecal

specimen

Respiratory

tract

specimen

Faecal

specimen

Respiratory

tract

specimen

Faecal

specimen

Case

01^

Male 42 Symptomatic 39 26 23 16 7 33 1 45 26

Case

02

Male 65 Symptomatic 38 29 34 21 13 33 19 36 31

Case

03�
Female 68 Symptomatic 33 26 26 14 12 28 26 33 38

Case

04

Male 34 Symptomatic 27 21 11 8 3 1 NE 11 NE

Case

05

Female 65 Symptomatic 21 19 21 15 6 18 1 23 15

Case

06

Female 43 Symptomatic 23 18 15 10 5 12 1 17 11

Case

07

Male 10 Asymptomatic 24 26 24 9 15 1 24 15 40

Case

08�
Female 7 Asymptomatic 14 19 14 7 7 1 19 6 27

Case

09�
Male 36 Asymptomatic 12 16 13 6 7 NE 16 NE 29

Case

10

Female 40 Asymptomatic 23 19 18 11 7 1 NE 23 NE

Duration of viral shedding is calculated as the time lag from the first to the last day when the cycle threshold (Ct) value of the ORF1ab or N region was <40.

Note: NE, molecular diagnosis result is negative.

�, patient was discharged from the hospital with a positive faecal specimen and isolated in a designated setting.
^, patient with recurrent positive results in respiratory tract specimens after discharge.

https://doi.org/10.1371/journal.pone.0247367.t002
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diagnosis and public health perspectives. Whether the SARS-CoV-2 viral shedding pattern

resembles that of SARS-CoV, declining rapidly in the respiratory tract after a peak and can be

prolonged to over two months in the gastrointestinal tract [4, 22], further studies with a larger

sample size and a longer observation period are needed.

Interestingly, we noticed that a lower viral load in faecal specimens (550–1.21 x 105 copies

per mL) was reported than that in respiratory tract specimens (641–1.34 x 1011 copies per mL)

Fig 2. Differences in Cycle threshold (Ct) values between specimens of respiratory secretions and faeces in 10 independent

cases. The boxes and whiskers show the median, interquartile, and full range of Ct values. Boxes in blue represent respiratory

secretions, and boxes in red represent faecal specimen. Jittered grey dots represent specimens with corresponding Ct values, and

signs on the top illustrate statistical significance. ��, statistically significant on level of 0.001<P<0.01; ns, P>0.05. A, Overall

comparison with Ct values in both the ORF1ab and N regions. With P = 0.002 analysed by Wilcoxon rank-sum test, the Ct value of

faecal samples is lower than that of respiratory secretions; hence, the viral load is higher in faecal specimens than in respiratory

secretions. B, Comparison for each individual targeted region of SARS-CoV-2. With P = 0.006 analysed using Wilcoxon rank sum

test, the Ct value of faecal specimens is lower than that of respiratory secretions for the N region.

https://doi.org/10.1371/journal.pone.0247367.g002

Table 3. Consistency of test results between different specimens of the same case collected on the same date.

Faeces Total

+ -

Respiratory secretions + 4 2 6

- 19 13 32

Total 23 15 38

With McNemar’s χ2 = 12.19 and P<0.001, the positive rate in faecal specimens is higher than that of respiratory tract

specimens, and the difference is statistically significant. A Kappa value of 0.034 suggests poor consistency of results

between two specimen types, which strengthens the superiority of faeces in diagnosis.

https://doi.org/10.1371/journal.pone.0247367.t003
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[23]. As no statistical analysis was performed, this difference might be explained by sampling

error. In fact, positivity of virus detection can be interfered by many factors. First, location and

operation of sampling may affect virus detection. As mentioned previously, the viral load dif-

fers by location, and inappropriate procedure may lead to missing of viral clusters with high

concentration. Our specimens were collected by trained nurses and qualified CDC staff under

a standard protocol; therefore, the sampling error in biosamples collected from each individual

was reduced. Next, storage condition after sampling is also concerning. If placed at an inap-

propriate temperature or for a long time, then the naturally unstable RNA will be degraded. In

our study, all specimens were stored at 4˚C, pre-treated and tested within 4 hours upon sam-

pling; thus, the false-negative result caused by decomposition of the SARS-CoV-2 molecular

structure was minimised. Finally, laboratory procedures and materials also play important

roles, and the possibility of cross-reaction between SARS-CoV-2 and other viruses with similar

genome sequences should be alerted. In our study, all tests were conducted in the same labora-

tory under the same condition by the same qualified personnel; therefore, measurement bias

Fig 3. Cumulative positive rates of specimen collected on days backward/forward after the last exposure from SARS-CoV-2 infections for 10

independent cases. The boxes and whiskers show the median, interquartile and full range of cumulative positive rates. Boxes in red represent

cumulative positive rates of days backward (cut-off value included), and boxes in blue represent rates of days forward (cut-off value excluded). ���,

statistically significant on a level of 0.0001<P<0.001; ��, statistically significant on a level of 0.001<P<0.01; �, statistically significant on a level of

0.01<P<0.05; ns, P>0.05. For respiratory secretions, cumulative positive rates are continually higher in the first 6th to 28th days (as the day after

the last exposure) backward compared with cumulative positive rates on the corresponding day forward, with P values of 0.006, 0.006, 0.014,

0.006, 0.002, 0.002, 0.0009, 0.0009, 0.002, 0.002, 0.0008, 0.002, 0.005, 0.013, 0.0099, 0.02, 0.001, 0.003, 0.003, 0.005, 0.005, 0.041, and 0.041

corresponding to days 6–28. No statistically significant difference is found in faeces. All analyses were based on the method of Wilcoxon signed-

rank test.

https://doi.org/10.1371/journal.pone.0247367.g003
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was low. Furthermore, all specimens were tested using commercial kits from the same com-

pany based on China CDC’s primer-probe set and of the same batch number; then consistency

was assured. However, due to the sudden outbreak, the research and development phase of

this testing kit was relatively short and the kit was presumably verified in limited sample size in

the clinical trial; then there is a possibility that product quality might have been compromised.

For records, China CDC’s primer-probe set targeting the ORF1ab gene was verified as the

most sensitive set compared with sets developed by institutions from Germany and Hong

Kong, but its performance targeting the N region was inferior to that of Japan and the USA

[24]. For all these reasons, RT-qPCR results should be interpreted with caution.

Implications

Together with the evidence that sometimes SARS-CoV-2 RNAs were not detectable among

any type of upper respiratory tract specimens even in severe cases [18], we highlight the impor-

tance of faecal specimen testing in SARS-CoV-2 diagnosis. From the perspective of clinical

practice, our findings help to facilitate efficient diagnosis and reduce the risk for healthcare

workers at sampling by minimising the possibility of respiratory droplets formation, which is

believed to be the main transmission route by the World Health Organization [19]. As there is

shortage of the personal protection equipment, our findings provide a simple and efficient way

to protect understaffed healthcare workers. In the interest of the object being sampled, collec-

tion of the excreted faeces produces no discomfort, whereas being inserted a swab into the

nasopharynx is not pleasant; therefore, choosing to collect faecal samples may enhance the

compliance of patients. From the perspective of public health, given that faecal samples surpass

respiratory tract specimens in identifying asymptomatic carriers who are infectious and may

be a source of transmission [25], testing of faecal specimens in diagnosis is of significance

in disease control and prevention for the population. Finally, our finding of prolonged viral

shedding in faeces raise concerns on disposal of sewage, especially for relevant municipal

stakeholders who are responsible for dealing with household waste from self-quarantined

individuals and anonymous asymptomatic carriers. Sewage shall be disinfected appropriately

before discharge into the environment.

External validity

In this study, we have analysed all SARS-CoV-2-infected patients from January 19 to March 2,

2020 in Zhoushan City. We have also presented viral shedding characteristics and potential

evidence revealing the importance of faecal specimen testing regardless of symptomatic status

and disease course. Due to the government’s quick and effective response to the disease, we

have a limited number of infected patients. This weakens external validity, and our findings

may better apply to cities with similar acreage and population. To be more specific, Zhoushan

city has an acreage of 1,459 square kilometres. The population was 1.173 million and its den-

sity was 804 person/square kilometres at the end of 2019 [26]. With regard to overcrowded

international metropolises, our findings might serve as an instructive hypothesis and we hope

further studies could be conducted to support or oppose our findings.

Limitations

Like all studies, our study has limitations. First, the total number of cases was relatively small.

To overcome this difficulty, we used rates of specimen instead of rates of person in description.

Moreover, cumulative positive rates were adopted to address the unsteadiness of representa-

tiveness caused by a small RT-qPCR assay test frequency. In addition to measurements, most

of our comparisons were designed as paired data, and proper statistical strategies with strong
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testing power were chosen. Second, we missed some information on viral shedding in both

specimen types at different stages of the disease course. Because the novel SARS-CoV-2 was

newly discovered, very limited information was known about it at the time we started our

research. Initially, we did not know that the virus may shed through faeces, and consequently,

no faecal specimen was collected in the first few days. At the same time, we reported 1 case

with recurrent positive results in respiratory tract specimens after discharge and 3 cases with

positive results in the faeces on the day the observation terminated as censored data. These led

to the underestimation of viral shedding duration in both specimen types. Third, no lower

respiratory tract specimen was collected because no invasive ventilation was applied to any

participant. As major damage occurs in the lung and lower respiratory tract [27–29], speci-

mens from the upper respiratory tract, which comprises nose, nasal cavity, mouse, pharynx,

and larynex [30], presumably have a low viral load. Hence, the possibility of underreporting

on positivity in respiratory tract specimens exists. Fourth, information of baseline health con-

dition and antiretroviral treatment was not obtained, then their impact on viral shedding was

not known. Fifth, as four patients were asymptomatic, we chose the day after the last exposure

for measurement instead of the day after disease onset. This measurement is of public health

importance but affects comparison with the data of other clinical studies. Lastly, the Ct value

used to express the viral load is inferior to virus copy number in accuracy due to algebraic

manipulation and is subject to threshold and baseline selection in device operation.

Conclusions

With limited sample size and some censored data, we present potential evidence of the impor-

tance of faecal specimen detection regardless of symptomatic status and disease course in our

study. Through preliminary description and comparison, viral shedding patterns in respiratory

tract and faecal specimens are partially revealed, and the proper sampling time for each speci-

men type is provided. In view of the fact that the COVID-19 pandemic has not been eased, our

findings can help to improve the efficacy of diagnosis. Overall, accurate and sensitive diagnosis

in the early stage is of great significance in treatment for individuals and is crucial in disease

surveillance, control, and prevention for the population. Future studies may work on larger

population and observe viral shedding in faeces in different races and ethnicities.

Supporting information

S1 Data.

(CSV)

Acknowledgments

We thank all staff at all levels of the CDCs in Zhoushan city for their industrious work during

the outbreak.

Author Contributions

Conceptualization: Zhendong Tong, Jianbo Yan.

Data curation: Chen Yuan, Yaxin Dai, Bing Wu, Hui Zhang, Menglu Yu, Zhendong Tong.

Formal analysis: Chen Yuan, Yaxin Dai, Zhendong Tong.

Funding acquisition: Hongling Wang, An Tang, Xinwei Yu, Shelan Liu, Zhendong Tong,

Jianbo Yan.

PLOS ONE SARS-CoV-2 viral shedding and faecal specimen testing

PLOS ONE | https://doi.org/10.1371/journal.pone.0247367 February 22, 2021 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247367.s001
https://doi.org/10.1371/journal.pone.0247367


Investigation: Hongling Wang, Kefeng Li, An Tang, Bing Wu, Hui Zhang, Jiabei Chen, Jienan

Liu, Wenjie Wu, Songye Gu, Hai Wang, Haodi Xu, Mingyu Wu, Zhendong Tong.

Methodology: Chen Yuan, Yaxin Dai, Zhendong Tong.

Project administration: An Tang, Yuchao Wang, Yongli Zhang, Zhendong Tong, Jianbo Yan.

Resources: Xinwei Yu, Jialu He, Yongli Zhang, Jianbo Yan.

Supervision: An Tang, Yuchao Wang, Yongli Zhang, Zhendong Tong, Jianbo Yan.

Validation: Hongling Wang, Shelan Liu.

Visualization: Zhendong Tong.

Writing – original draft: Chen Yuan, Zhendong Tong.

Writing – review & editing: Chen Yuan, Zhendong Tong, Jianbo Yan.

References
1. WHO Coronavirus Disease (COVID-19) Dashboard. 2021. [Cited 2021 Jan 9]. In: World Health Organi-

zation. [Internet]. https://covid19.who.int/

2. Weekly epidemiological update—5 January 2021. 2021.[Cited 2021 Jan 9]. In: World Health Organiza-

tion. [Internet]. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports

3. Yi Y, Mingjie W, Xinxin Z. Characteristics of the third generation sequencing technology and its applica-

tion in researching of viral genomes. Journal of Microbes and Infection. 2016; 11(06):380–384.

4. Chan KH, Poon LL, Cheng VC, Guan Y, Hung IF, Kong J, et al. Detection of SARS coronavirus in

patients with suspected SARS. Emerg Infect Dis. 2004; 10(2):294–9. Epub 2004-02-01. https://doi.org/

10.3201/eid1002.030610 PMID: 15030700.

5. Peiris JS, Chu CM, Cheng VC, Chan KS, Hung IF, Poon LL, et al. Clinical progression and viral load in a

community outbreak of coronavirus-associated SARS pneumonia: a prospective study. Lancet. 2003;

361(9371):1767–72. Epub 2003-05-24. https://doi.org/10.1016/s0140-6736(03)13412-5 PMID:

12781535.

6. Oh MD, Park WB, Choe PG, Choi SJ, Kim JI, Chae J, et al. Viral Load Kinetics of MERS Coronavirus

Infection. N Engl J Med. 2016; 375(13):1303–5. Epub 2016-09-29. https://doi.org/10.1056/

NEJMc1511695 PMID: 27682053.

7. Wei C, Chun-yang Z, Ying Z, Yan-hua Z, Li-bin Y, Bing-shan WU, et al. Comparison of throat swab and

sputum specimens for viral nucleic acid detection in four cases of 2019-nCoV infection. Chinese Journal

of Zoonoses. 2020:1–7.

8. Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, et al. SARS-CoV-2 Viral Load in Upper Respira-

tory Specimens of Infected Patients. N Engl J Med. 2020;Epub 2020-02-19. https://doi.org/10.1056/

NEJMc2001737 PMID: 32074444.

9. Kuang H, Yu M, Yu S, Zhou H, Wang Y, Zhu Q, et al. Detection of nucleic acid of SARS-CoV-2 in medi-

cal laboratory and its practice. Chinese Journal of Nosocomiology. 2020:1–4.

10. Law of the People’s Republic of China on prevention and control of infectious diseases. [Cited 2021 Jan

5]. In: National Health Commision of the People’s Republic of China. [Internet]. http://www.nhc.gov.cn/

zhjcj/s9138/200804/2778e751494e40bd9cc0c77463c9473e.shtml

11. China NHCO. Guidance of COVID-19 Control and Prevention. 3 ed. 2020. [Cited 2021 Jan 5]. In:

National Health Commision of the People’s Republic of China. [Internet]. http://www.nhc.gov.cn/jkj/

s7923/202001/470b128513fe46f086d79667db9f76a5/files/8faa1b85841f42e8a0febbea3d8b9cb2.pdf

12. Zhang L, Li B, Jia P, Pu J, Bai B, Li Y, et al. An analysis of global research on SARS-CoV-2. Journal of

Biomedical Engineering. 2020:1–14.

13. Zhang L, Li B, Jia P, Pu J, Bai B, Li Y, et al. An analysis of global research on SARS-CoV-2. Sheng Wu

Yi Xue Gong Cheng Xue Za Zhi. 2020; 37(2):236–245. Epub 2020-04-25. PMID: 32329275.

14. Wu B, Yu T, Huang Z, Chen H, Chen W, Zhang Y, et al. Nucleic acid detection of fecal samples from

confirmed cases of COVID-19. Chinese Journal of Zoonoses. 2020:1–4.

15. Cheung KS, Hung I, Chan P, Lung KC, Tso E, Liu R, et al. Gastrointestinal Manifestations of SARS-

CoV-2 Infection and Virus Load in Fecal Samples From a Hong Kong Cohort: Systematic Review and

Meta-analysis. Gastroenterology. 2020; 159(1):81–95. Epub 2020-07-01. https://doi.org/10.1053/j.

gastro.2020.03.065 PMID: 32251668.

PLOS ONE SARS-CoV-2 viral shedding and faecal specimen testing

PLOS ONE | https://doi.org/10.1371/journal.pone.0247367 February 22, 2021 12 / 13

https://covid19.who.int/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://doi.org/10.3201/eid1002.030610
https://doi.org/10.3201/eid1002.030610
http://www.ncbi.nlm.nih.gov/pubmed/15030700
https://doi.org/10.1016/s0140-6736%2803%2913412-5
http://www.ncbi.nlm.nih.gov/pubmed/12781535
https://doi.org/10.1056/NEJMc1511695
https://doi.org/10.1056/NEJMc1511695
http://www.ncbi.nlm.nih.gov/pubmed/27682053
https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.1056/NEJMc2001737
http://www.ncbi.nlm.nih.gov/pubmed/32074444
http://www.nhc.gov.cn/zhjcj/s9138/200804/2778e751494e40bd9cc0c77463c9473e.shtml
http://www.nhc.gov.cn/zhjcj/s9138/200804/2778e751494e40bd9cc0c77463c9473e.shtml
http://www.nhc.gov.cn/jkj/s7923/202001/470b128513fe46f086d79667db9f76a5/files/8faa1b85841f42e8a0febbea3d8b9cb2.pdf
http://www.nhc.gov.cn/jkj/s7923/202001/470b128513fe46f086d79667db9f76a5/files/8faa1b85841f42e8a0febbea3d8b9cb2.pdf
http://www.ncbi.nlm.nih.gov/pubmed/32329275
https://doi.org/10.1053/j.gastro.2020.03.065
https://doi.org/10.1053/j.gastro.2020.03.065
http://www.ncbi.nlm.nih.gov/pubmed/32251668
https://doi.org/10.1371/journal.pone.0247367


16. Chen Y, Chen L, Deng Q, Zhang G, Wu K, Ni L, et al. The presence of SARS-CoV-2 RNA in the feces of

COVID-19 patients. J Med Virol. 2020; 92(7):833–840. Epub 2020-07-01. https://doi.org/10.1002/jmv.

25825 PMID: 32243607.

17. Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, et al. Correlation of Chest CT and RT-PCR Testing in

Coronavirus Disease 2019 (COVID-19) in China: A Report of 1014 Cases. Radiology. 2020:200642.

Epub 2020-02-26. https://doi.org/10.1148/radiol.2020200642 PMID: 32101510.

18. Yang Y, Yang M, Shen C, Wang F, Yuan J, Li J, et al. Evaluating the accuracy of different respiratory

specimens in the laboratory diagnosis and monitoring the viral shedding of 2019-nCoV infections.

medRxiv. 2020:2020.02.11.20021493. Epub 2020-01-01. https://doi.org/10.1101/2020.02.11.

20021493

19. Q&A on coronavirus (COVID-19). 2020. [Cited 2020 April 8]. In: World Health Organization. [Internet].

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/question-and-answers-hub

20. Young BE, Ong S, Kalimuddin S, Low JG, Tan SY, Loh J, et al. Epidemiologic Features and Clinical

Course of Patients Infected With SARS-CoV-2 in Singapore. JAMA. 2020;Epub 2020-03-03. https://doi.

org/10.1001/jama.2020.3204 PMID: 32125362.

21. Xu Y, Li X, Zhu B, Liang H, Fang C, Gong Y, et al. Characteristics of pediatric SARS-CoV-2 infection

and potential evidence for persistent fecal viral shedding. Nat Med. 2020;Epub 2020-01-01. https://doi.

org/10.1038/s41591-020-0817-4 PMID: 32284613

22. Cheng PK, Wong DA, Tong LK, Ip SM, Lo AC, Lau CS, et al. Viral shedding patterns of coronavirus in

patients with probable severe acute respiratory syndrome. Lancet. 2004; 363(9422):1699–700. Epub

2004-05-22. https://doi.org/10.1016/S0140-6736(04)16255-7 PMID: 15158632.

23. Pan Y, Zhang D, Yang P, Poon L, Wang Q. Viral load of SARS-CoV-2 in clinical samples. Lancet Infect

Dis. 2020;Epub 2020-02-24. https://doi.org/10.1016/S1473-3099(20)30113-4 PMID: 32105638.

24. Jung YJ, Park G, Moon JH, Ku K, Beak S, Kim S, et al. Comparative analysis of primer-probe sets for

the laboratory confirmation of SARS-CoV-2. bioRxiv. 2020:2020.02.25.964775. Epub 2020-01-01.

https://doi.org/10.1101/2020.02.25.964775

25. Zhang S, Na J, Zhou W, Liu B, Yang W, Zhou P, et al. A familial cluster of COVID-19 indicating virus

can be transmitted by asymptomatic carriers. Bull World Health Organ. 2020. http://dx.doi.org/10.2471/

BLT.20.253914.

26. The 2019 Statistical Yearbook of Zhoushan City.2019. [Cited 2020 March 8]. In: Zhoushan Municipal

Statistics Bureau. [Internet]. http://zstj.zhoushan.gov.cn/col/col1228998393/index.html

27. Qian L, Rong-shuai W, Guo-qiang Q, Yun-yun W, Pan L, Geng F, et al. Systematic autopsy of coronavi-

rus disease: observation report. Journal of Forensic Medicine. 2020; 36:19–21.

28. Tian S, Hu W, Niu L, Liu H, Xu H, Xiao SY. Pulmonary pathology of early phase 2019 novel coronavirus

(COVID-19) pneumonia in two patients with lung cancer. J Thorac Oncol. 2020;Epub 2020-02-27.

https://doi.org/10.1016/j.jtho.2020.02.010 PMID: 32114094.

29. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological findings of COVID-19 associated

with acute respiratory distress syndrome. Lancet Respir Med. 2020;Epub 2020-02-18. https://doi.org/

10.1016/S2213-2600(20)30076-X PMID: 32085846.

30. David CD Upper respiratory tract. 2020 April 15. [Cited 2020 April 16]. In: MedlinePlus [Internet]. https://

medlineplus.gov/ency/imagepages/19378.htm

PLOS ONE SARS-CoV-2 viral shedding and faecal specimen testing

PLOS ONE | https://doi.org/10.1371/journal.pone.0247367 February 22, 2021 13 / 13

https://doi.org/10.1002/jmv.25825
https://doi.org/10.1002/jmv.25825
http://www.ncbi.nlm.nih.gov/pubmed/32243607
https://doi.org/10.1148/radiol.2020200642
http://www.ncbi.nlm.nih.gov/pubmed/32101510
https://doi.org/10.1101/2020.02.11.20021493
https://doi.org/10.1101/2020.02.11.20021493
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/question-and-answers-hub
https://doi.org/10.1001/jama.2020.3204
https://doi.org/10.1001/jama.2020.3204
http://www.ncbi.nlm.nih.gov/pubmed/32125362
https://doi.org/10.1038/s41591-020-0817-4
https://doi.org/10.1038/s41591-020-0817-4
http://www.ncbi.nlm.nih.gov/pubmed/32284613
https://doi.org/10.1016/S0140-6736%2804%2916255-7
http://www.ncbi.nlm.nih.gov/pubmed/15158632
https://doi.org/10.1016/S1473-3099%2820%2930113-4
http://www.ncbi.nlm.nih.gov/pubmed/32105638
https://doi.org/10.1101/2020.02.25.964775
http://dx.doi.org/10.2471/BLT.20.253914
http://dx.doi.org/10.2471/BLT.20.253914
http://zstj.zhoushan.gov.cn/col/col1228998393/index.html
https://doi.org/10.1016/j.jtho.2020.02.010
http://www.ncbi.nlm.nih.gov/pubmed/32114094
https://doi.org/10.1016/S2213-2600%2820%2930076-X
https://doi.org/10.1016/S2213-2600%2820%2930076-X
http://www.ncbi.nlm.nih.gov/pubmed/32085846
https://medlineplus.gov/ency/imagepages/19378.htm
https://medlineplus.gov/ency/imagepages/19378.htm
https://doi.org/10.1371/journal.pone.0247367

