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Emerging Evidence on COVID-19
Rapid Review of Infectious Period
Introduction
What is the length of the infectious period for SARS-CoV-2?
The infectious period (also known as the communicability period) is defined as the time during which an
infected person can transmit an infectious agent to another person. The infectious period and its relationship
to exhibiting symptoms is an important clinical and epidemiologic parameter to understand for the control of
any infectious disease.
Infectious period estimates have been determined from a combination of epidemiological and clinical
investigations that together inform when an infected person can or is likely to transmit the virus. To establish
a person is infected, most studies report the use of RT-PCR to diagnose cases of COVID-19 and to monitor
viral shedding over time. However, detection of viral RNA by RT-PCR does not provide proof of infectivity and
virus particles are likely to be shed from infected tissue for a period of time after an infection has been
cleared by the host immune system (Jefferson et al., 2020). To establish if viable virus has been isolated in a
sample, replication of virus is established most commonly in cell culture and indicates that infective virus is
present. In this review few studies have employed culture methods (or animal inoculation) because it is slow,
costly, and is not as sensitive as RT-PCR. The results of epidemiological studies, RT-PCR, qRT-PCR and culture
results together provide evidence on when a case is likely infective and capable of transmitting the virus.
This rapid review covers the evidence for the infectious period of pre-symptomatic, asymptomatic, and
symptomatic COVID-19 cases as inferred by culturable virus shedding, viral RNA detection, epidemiological
data, and predictive models. Samples studied are most commonly nasopharyngeal swabs, however
fecal/rectal swabs and eye swabs have also been studied for the presence of SARS-CoV-2. Respiratory
transmission is considered most common, and more evidence is needed to determine importance of other
modes of transmission including fecal-oral, fecal-fomite or fecal-respiratory given viable SARS-CoV-2 has
been found in feces.
This is an evergreen rapid review of infectious period and contains key studies captured by the PHAC
emerging sciences daily COVID-19 literature scan up to August 31, 2020.

Key Points
Overall, the best available evidence indicates infectious period for most symptomatic cases is considered to
start on average 2.5 days before developing symptoms, peak around day 4 of symptoms and decrease to low
levels within 8-10 days after the start of symptoms for a total of 10-13 days. The asymptomatic infectious
period has been found to be similar. Longer infectious periods have been documented in more severe or
immunocompromised cases (18-32 days post symptom onset).
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Pre-symptomatic Infectious Period, N=25 studies


Viable virus has been cultured from respiratory samples of pre-symptomatic cases 1-6 days before
symptom onset as determined by medical observation (Table 1). Viable virus has also been cultured
from gastrointestinal samples; for example a rectal sample showed evidence of active SARS-CoV-2
viral replication three days prior to symptom onset (Qian et al., 2020).



Studies utilizing RT-PCR to detect viral RNA from respiratory samples also suggest that shedding
occurs on average 2.5 days (1-7 range) prior to symptom onset.

Asymptomatic Infectious Period, N=25 studies


Viable virus and viral RNA detected in a cohort of asymptomatic cases was highest during the first
week of infection and declined in subsequent weeks (Quicke et al., 2020). Infectious virus was not
detected by plaque assay in nasopharyngeal swabs from individuals with less than 100,000 RNA
copies/swab.



There has been little consensus about whether asymptomatic and mildly symptomatic infections differ
in viral shedding time (Table 2). Based on the current evidence, the total infectious period of
asymptomatic cases appears to be similar or shorter than that of mildly symptomatic cases. Across
studies, similar viral loads have been reported for asymptomatic, pre-symptomatic, and symptomatic
cases.

Symptomatic Infectious Period, N=107 studies


Viable virus, culture results, N=18 primary research studies and 2 systematic reviews:
o

For mild cases, the best estimate for the infectious period, measured from self-reported symptom
onset using virus culture from respiratory samples, is 8-10 days with a peak in viral load during the
first week of illness (Table 3).

o

Cases of prolonged viable viral shedding (18-32 days) have been documented using virus culture in
a few studies. Many of these studies are still in preprints and include single cases or small sample
sizes (Table 3). These cases are typically individuals with severe infection, who are either
immunocompromised, or have multiple chronic underlying health conditions.

o

There are a few studies that have cultured SARS-CoV-2 from the fecal/rectal samples of a
confirmed case (Table 3). A recent study of inoculated ferrets has confirmed the presence of
infectious SARS-CoV-2 in fecal and urine specimens from days 11, 13 and 15 of illness (Jeong et al.,
2020).



Viral RNA detection, RT-PCR results, N=88 primary research studies and 6 systematic reviews:
o

Most studies report time from self-reported symptom onset or test positive diagnosis to time viral
infection has been cleared, determined via RT-PCR. Positive RT-PCR results are not proof of
infectiousness.
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Viral RNA presence varies widely by sample type. Respiratory swabs typically become negative
within 14-20 days of self-reported symptom onset, while stool samples remain positive a few days
to four weeks longer than respiratory samples. Evidence of SARS-CoV-2 RNA has also been
identified in eye swabs up to 22 days post onset of self-reported symptoms.

o

Extended periods of viral RNA shedding have been reported (up to 83 days) in respiratory
samples, with shedding frequently outlasting the duration of symptoms. However, concentrations
of viral RNA measured in upper respiratory samples has been shown to decline after symptom
onset and there has been no evidence of transmission in clinically recovered individuals with
persistent detection of viral RNA nor has there been viable virus isolated from such cases.

o

Prolonged viral RNA shedding has been shown to be positively associated with severity of COVID19 and older age in multiple studies (Table 3). However, a recent meta-regression identified that
the reported average of four days longer duration of viral RNA shedding in severe cases was not
statistically significant (Byrne et al., 2020). The length of viral RNA shedding does not significantly
differ between male and female.

Recurrence of Viral Shedding in Convalescent Period, N=55 studies


Recurrence of viral RNA shedding in the convalescent period after meeting discharge criteria (defined
at the time as two consecutive negative RT-PCR tests) has been reported in multiple case reports and
observational studies (Table 4). These cases are not thought to be re-infection with a new strain of the
virus, instead are considered to have not fully cleared the original SARS-CoV-2 infection.
o

Recurrence typically occurs within seven days of discharge.

o

Following recurrence, patients remained viral RNA positive for approximately 1-8 days and
typically remained asymptomatic.

o

Although this is an active area of study and numerous new studies have been published, to date,
only one study has provided evidence of viable virus in a recurrent case (Quicke et al., 2020). No
evidence of transmission during the recurrence of viral RNA detection has been reported.



Additional research is needed to improve our understanding of RT-PCR results and how to interpret
those results with respect to infectious period and risk of transmission. Particularly in cases with
prolonged RT-PCR positive test results. As a result, the CDC has stopped recommending two
consecutive negative RT-PCR tests to determine when to end isolation and precautions for COVID
cases.

Reinfection, N=2 studies


Since August 25, 2020, good evidence that reinfection can occur has been reported (Table 5):
o

A patient from Hong Kong was reinfected 142 days after initial infection and this was documented
with compelling epidemiological, clinical, serological evidence as well as genomic analyses. (To,
Hung, et al., 2020).

EMERGING SCIENCES - SUMMARIES

3

COVID-19 Summary of Infectious Period
o


September 10, 2020

There is also strong evidence for a case of re-infection in the United States (Tillet et al., 2020).

At this time, knowledge gaps exist on whether clinical course and epidemiological characteristics
including infectious period of re-infection cases are different from the initial infection.



Additional research is needed to understand the role of immunity in protection against SARS-CoV-2
post infection.

Overview of the Evidence
To date, there have been numerous publications related to the infectious period of COVID-19. The majority of
these publications are case reports and observational studies based on contact tracing; these study designs
are at high risk of bias and thus are considered low quality. Many of these are pre-prints and have not
undergone a peer-review process. Prospective cohorts are of lower risk of bias and are considered higher
quality research, but there are few of this study design contributing to this question. Overall, the outcomes
should be interpreted with caution, estimates are changing as new research becomes available and there are
many knowledge gaps that new research addressing these gaps could significantly change our understanding
of SARS-CoV-2 infection in humans.
Outcomes from key studies are summarized in the evidence tables: 1) pre-symptomatic, 2) asymptomatic, 3)
symptomatic, and 4) recurrence of viral shedding. Within these, key information including study type and
specific methods used (e.g. culture, serial RT-PCR results, epidemiological data, or modeling) are specified
along with the infectious period estimates and risk factors.
There is substantial variation in the methodological approach utilized and how infectious period was defined
across studies. Research based on case series and contact tracing investigations alone is considered very low
quality. These study designs suffer from low sample size, selection bias and recall bias (e.g. self-report
symptom onset). Their results should be interpreted with caution, as results are likely to change with
additional research.
Several knowledge gaps exist for infectious period. Detection or confirmation of viable virus rather than RNA
is underpinned by few observations. The relationship between transmission potential and RT-PCR results is
not well defined. Additional research on post infection immunity, recurrence of RNA positive tests and the
likelihood and epidemiological characteristics of reinfection are needed to understand if and/or when a
person is potentially infectious after the initial acute infection. This research is fundamental to understanding
the transmission dynamics of SARS-CoV-2.
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BACKGROUND INFECTIOUS PERIOD
The infectious period (also known as the communicability period) is defined as the time during which an infected person can transmit an infectious
agent to another person. The infectious period and its relationship to exhibiting symptoms is an important epidemiological parameter to
understand for the control of any infectious disease. For COVID-19, there is evidence that SARS-CoV-2 can be shed by an infected person before
they exhibit symptoms (pre-symptomatic) (e.g., (Arons et al., 2020; Hoehl et al., 2020; Pan, Zhang, Yang, Poon, & Wang., 2020)) and by infected
persons who never develop noticeable symptoms (asymptomatic) (e.g., (Alshami et al., 2020; Y. Lu et al., 2020; Z. Zhang et al., 2020)). There are also
studies that suggest viral shedding may persist in the convalescent phase or may re-emerge after the virus has been undetectable for a period of
time (e.g., (Hoang, Dao, & Gautret, 2020; Q. Hu et al., 2020)). This report covers the evidence for these different periods and studies that attempt to
estimate the entire infectious period for COVID-19. Studies will be further divided by methods for determining viral shedding and the question of
how detection of viral RNA by RT-PCR compares to that of culture and what inferences can be made for these different results.
Infectious period estimates have been determined from a combination of epidemiological and clinical investigations that together inform when an
infected person can or is likely to transmit the virus. To determine if a person is infected, most studies report the use of RT-PCR to diagnose cases
of COVID-19 and to monitor viral RNA shedding over time. However, detection of viral RNA by RT-PCR does not provide proof of infectivity and
virus particles are likely to be shed from infected tissue for a period of time after an infection has been cleared by the host immune system
(Jefferson et al., 2020). To establish if viable virus has been isolated, replication of virus from the sample is established most commonly in cell
culture and indicates that infective virus is present. In this review few studies have utilized culture methods (or animal inoculation) because it is
slow, costly, and is not as sensitive as RT-PCR. The results of epidemiological studies, RT-PCR, qRT-PCR and culture results together provide
evidence on when a case is likely infective and capable of transmitting the virus.
Variability in the measurement of infectious period is also present across studies. The majority of studies measure time from diagnosis or symptom
onset until clearance of viral RNA. Thus, there are no measurements prior to diagnosis. Epidemiological research, mainly in the form of cluster
investigations and testing close contacts of cases regardless of their clinical status has provided evidence that virus shedding can occur prior to
symptom onset (Z. Du et al., 2020; X. He et al., 2020). The heterogeneity across definitions and how infectious period is determined in each study is
summarized in the detailed evidence tables.
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PRE-SYMPTOMATIC INFECTIOUS PERIOD
Table 1 lists twenty-five studies that provide estimates of the pre-symptomatic infectious period, identified through case series, contact tracing
investigations, and modeling. Many of these case reports and contact tracing studies originate from China and show evidence of COVID-19
transmission from people who are in their incubation period. SARS-CoV-2 has been successfully isolated from pre-symptomatic cases, which
further provides evidence that pre-symptomatic transmission occurs. However, the vast majority of evidence is based on case reports and cluster
investigations which are subject to recall bias as the cases and their contacts are responsible for providing information about exposure and
symptom onset time. Additionally, with widespread transmission of COVID-19 in an epidemic area it is possible that infections described in these
studies could have been caused by other unrecognized sources.
Pre-symptomatic infectious period across studies suggests a person likely sheds SARS-CoV-2 on average 2.5 days (1-7 range) prior to symptom
onset based on respiratory samples (Hoehl et al., 2020; Z. Liu et al., 2020; Nissen et al., 2020; Pan et al., 2020; Sakurai et al., 2020). Estimates from
contact tracing studies also suggest an average pre-symptomatic infectious period of 2-3 days (1-12.3 range) (X. He et al., 2020; S. Hu et al., 2020;
R. Huang, Xia, Chen, Shan, & Wu, 2020; Kong et al., 2020; J. Li et al., 2020; Rothe et al., 2020; W. E. Wei et al., 2020). Evidence of active SARS-CoV-2
virus replication from a rectum sample three days prior to symptom onset has also been presented (Qian et al., 2020). A study of long-term care
residents found that viable virus could be cultured up to six days before symptom onset and reported similar cycle threshold values (i.e. viral load)
for asymptomatic, pre-symptomatic, and symptomatic cases (Arons et al., 2020).
There are few studies that take measurements prior to diagnosis/symptom onset. More evidence is needed to improve the certainty of the
estimates for pre-symptomatic infectious period of COVID-19.

Table 1: Studies evaluating the pre-symptomatic infectious period of COVID-19 (N=25)
Reference

Study Type

-Population & Setting
-Time Period

IP determined
via: Culture, serial

Key Outcomes

RT-PCR results, Epi
data, or Model

Culture & RT-PCR Studies
(Arons et al.,
Outbreak
2020)
investigation

-Residents of a skilled
nursing facility in
Washington, US
-April 3, 2020 end date
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Culture & RTPCR

Nasopharyngeal and oropharyngeal swabs
-48 (63%) of residents that participated in point-prevalence
surveys tested positive.
-24 were pre-symptomatic and 2 were asymptomatic as
determined by standardized symptom-assessments completed
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(Hoehl et al.,
2020)

Case series

-Travelers from Wuhan to
Germany
- February 1, 2020

Culture & RTPCR

(Nissen et al.,
2020)

Case report

-36 year old healthcare
worker in Sweden
-April 2 – 17, 2020

Culture & RTPCR

(Qian et al.,
2020)

Case report

-Patient receiving surgery
for rectal cancer in China
-January 16, 2020 onward

Culture & RTPCR

(Z. Liu et al.,
2020)

Prospective
cohort

-Pre-symptomatic
carriers in China (n=16)

RT-PCR

Preprint
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by nurses.
-Viable virus was isolated from specimens collected six days
before to nine days after onset of symptoms.
Throat Swab
-2 patients were asymptomatic RT-PCR test positive. One day
later 1 of the cases demonstrated a faint rash and minimal
pharyngitis.
-SARS-CoV-2 was successfully isolated from the 2 cases,
indicating potential infectiousness while pre-symptomatic.
-These findings suggest that infectiousness may occur at least
1 day before symptom onset.
Nasopharyngeal and oropharyngeal swabs
- Observed cytopathic effect via cell culture,
immunofluorescence for dsRNA and rRT-PCR determined that
the SARS-CoV-2 virus from two samples (taken on day 3 and
day 1 before symptom onset) were infectious in two
independent experiments.
Rectal tissue and throat swabs
-On January 16, 2020, the patient underwent rectal surgery. On
day 3 postoperatively, the patient presented with fever and
cough and he was subsequently diagnosed with COVID-19 via
RT-PCR. In March, a retrospective study was conducted on the
patient’s surgically removed tissue. Ultrathin sections of rectal
tissues were prepared, and virus particles were found in the
cytoplasm of intestinal epithelial cells. To further confirm the
SARS-CoV-2 -specific infection and replication in the rectum,
immunohistochemistry and immunofluorescence using the
rabbit anti-SARS-CoV-2 NP antibody was used.
-This is the first report of direct evidence of active replication of
SARS-CoV-2 in a patient’s rectum during the incubation period.
Sputum and throat swabs
-The median period between positive SARS-CoV-2 RNA
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-Timeline not reported
(Sakurai et al.,
2020)

Retrospective
cohort

Epidemiological data studies
(Pan et al.,
Contact tracing
2020)
study

(J. Li et al.,
2020)

Contact tracing
study

(Kong et al.,
2020)
(R. Huang et
al., 2020)

Contact tracing
study
Contact tracing
study

(Rothe et al.,
2020)

Contact tracing
study

(W. E. Wei et
al., 2020)

Contact tracing
study

-Asymptomatic (n=90)
and pre-symptomatic
(n=11) cases hospitalized
in Japan from the
Diamond Princess cruise
ship
-February 19 - 26, 2020

RT-PCR

-Two individuals tracked
due to exposure to an
infected patient in China
-Timeline not reported

RT-PCR & Epi
data

-Three family clusters in
China
-January 21 – February 9,
2020
-Ten cases in China
-January 8 – 27, 2020
-Family cluster of
confirmed infection in
China
-January, 2020
-Cluster of cases from
pre-symptomatic contact
in Germany
-January 19- 29, 2020
-Seven clusters in
Singapore

Epi data
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Epi data
Epi data

Epi data

Epi data

detection and symptom onset was calculated as 2 days (1-5
range).
Specimen type not reported
-11 patients were pre-symptomatic, and developed symptoms
a median of four days (3-7 range) after the first positive RT-PCR
test.
-The asymptomatic cases experience a median duration of
SARS-CoV-2 viral RNA shedding of 9 days (3-21 range)
between the first positive PCR test and the first of 2 serial
negative PCR tests.
Respiratory swab
-Cases were serially tested prior to onset of symptoms.
-Cases showed positive RT-PCR results one day before onset,
suggesting that infectiousness may occur before symptom
onset.
- The three index cases transmitted the infection to 28 family
members 2-10 days before illness onset.

-The last two generations were infected in public places, 3 and
4 days prior to the onset of illness in their infectors.
-Tracing within a family cluster (n=11) and exposure dates
demonstrated a median pre-symptomatic infectious period of
four days (3-5 range).
-Transmission occurred from a pre-symptomatic case to 4
contacts.
-The tracing results show a median pre-symptomatic infectious
period of two days (1-3 range).
-Pre-symptomatic transmission was evident in 4 clusters with a
median infectious period of two days (1-3 range).
9
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-January 23 – March 16,
2020

-Transmission exposure was not ascertained for the other 3
clusters.

(S. Hu et al.,
2020)

Contact tracing
study

-1,178 SARS-CoV-2
infected individuals and
their 15,648 contacts in
China
-January 13 – April 2,
2020

Epi data

(X. He et al.,
2020)

Contact tracing
study

-77 infector–infectee
transmission pairs from
Vietnam, Malaysia, Japan,
China, Taiwan, USA,
Singapore
-December 18, 2019 –
March 5, 2020

Epi data

(Chun, Baek, &
Kim, 2020)

Literature
review

Epi data

(Z. Du et al.,
2020)

Literature
review

-72 infector-infectee
transmission pairs in
South Korea
-January 23 – March 31,
2020
-468 infector–infectee
pairs identified via
contact tracing in China
-January 21 – February 8,

Preprint

Preprint

Preprint
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Epi data

-Forty-three pre-symptomatic transmission events were
recorded in 23 clusters.
-Infectiousness was estimated to peak 1.8 days before
symptom onset, with 95% of transmission events occurring
between 7.6 days before and 7.3 days after the date of
symptom onset.
-The proportion of pre-symptomatic transmission was
estimated to be 62.5%.
-Authors assumed an incubation period distribution of mean
5.2 days to infer that infectiousness started from 12.3 days (5.917 95%CI) before symptom onset and peaked at symptom
onset (-0.9-0.9 95%CI).
-Observed that only <0.1% of transmission would occur before
7 days, 1% of transmission would occur before 5 days and 9%
of transmission would occur before 3 days prior to symptom
onset.
-In a sensitivity analysis, infectiousness was shown to peak at 2
days before to 1 day after symptom onset.
-Estimated that 44% (30-57% 95%CI) of secondary cases were
infected during the index cases’ pre-symptomatic stage.
-The mean and median estimates were 1.31 days (0.38–2.55
95%CI) and 0.68 days (-0.09–1.73 95%CI) after symptom onset,
respectively, with the peak at 0.72 days before symptom onset.
-The pre-symptomatic transmission proportion was 37% (16–
52% 95%CI).
-59 of 468 infector-infectee pairs indicated that the infectee
had symptoms earlier than the infector.
-These negative serial intervals suggest that pre-symptomatic
transmission may have occurred.
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2020)

Literature
review

(Prakash, 2020)

Literature
review

Preprint

Preprint

Modeling studies
(Nishiura,
Bayesian
Linton, &
Predictive
Akhmetzhanov, Model
2020)

2020
-17 studies reporting
serial interval or
generation time from
Hong Kong, Tianjin,
pooled data from Hong
Kong and Shenzhen,
Singapore, Mainland
China excluding Hubei,
mixed sources, Shenzhen,
northern Italy and Wuhan
-December 1 – April 15,
2020
-Individuals reported in
the literature (n=1251)
-No limit on country
-No timeline reported

September 10, 2020
Epi data

Epi data

-28 infector-infectee
pairs
-No limit on country
-February 12, 2020 end
date

Modeled

(Tindale et al.,
2020)

Statistical
Model

-Outbreak cases in
Tianjin, China, and
Singapore
-January 19 – February
27, 2020

Modeled

(Zhu, 2020)

SEIR model

-Wuhan outbreak in
China

Modeled

Preprint

Preprint
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-Subtracted incubation period from serial interval or
generation time to infer pre-symptomatic infectious period and
to estimate the proportion of pre-symptomatic transmission.
-The pooling of serial interval estimates for transmission time
relative to symptom onset gave a mean pre-symptomatic
infectious period of 0.67 days (0.63 median).
-The pooling of 5 generation time-based estimates gave a
mean pre-symptomatic infectious period of 1.62 days (1.32
median).
-Pre-symptomatic transmission was estimated to be 56.1%
based on serial interval estimates and 65.5% based on
generation time estimates.
-The peak of infectiousness was 2 days after the infection.
-Estimated that 68.4% (67.0-69.7% 95%CI) of infections are
caused by pre-symptomatic infectors.

-Accounting for right truncation and analyzing all pairs, authors
estimated a serial interval of 4.0 days (3.1-4.9 95%CI).
-This interval is shorter than preliminary estimates of the
incubation period of approximately 5.0 days.
-This suggests that pre-symptomatic transmission may make
up a substantial proportion of secondary transmission.
-Period of pre-symptomatic transmission was inferred from
estimates of serial interval and incubation periods for
populations in Tianjin and Singapore.
-Average pre-symptomatic infectious periods were 2.55 days
(1.2-3.3 range) in Singapore and 2.89 days (2.79-8.2 range) in
Tianjin.
-Authors propose a new epidemic model called SEIR-HC, with 2
different social circles. Using the model alongside an
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-April 15, 2020 end date

(Siwiak,
Szczesny, &
Siwiak, 2020)

SIR
-Entire pandemic (Global)
metapopulation -January 22 – March 26,
model
2020

Modeled

(Peak et al.,
2020)

SEIR model

-Confirmed cases in
Massachusetts, US
-Timeline not specified

Modeled

(H. Yuan et al.,
2020)

Two-layered
SEIQR model

Modeled

(S. Zhao, 2020)

Novel
likelihoodbased
framework

-Imported and confirmed
local cases in Hong Kong
-January 18 – February
29, 2020
-Confirmed cases
-Country and timeline
not specified

Preprint

Preprint

Preprint

Modeled

optimization algorithm, the spread process of the outbreak in
Wuhan city is reproduced and the propagation characteristics
and unknown data are estimated.
-A pre-symptomatic infectious period of 1.01 day was
estimated by taking the difference between the latent period
and the incubation period.
-Built a modified SIR metapopulation transmission mode
parameterized analytically according to the literature, and fitted
missing parameters to the observed dynamics of the virus
spread.
-Estimated a pre-symptomatic infectious period of 4.6 days.
-Pre-symptomatic infectious period was modelled assuming a
serial interval of 4.8
-The mean time of infectiousness onset was 0.77 days before
symptom onset (1.98 days before, 0.29 days after 95%CI)
-Epidemiological parameters of COVID-19 were estimated.
-The pre-symptomatic transmission period before symptom
onset was 3.49 days (0.48-5.80 95%CI).
-Estimate the mean pre-symptomatic
transmission period to be 2.2 days (95%CI: 1.3−4.7).
-Approximate that 32.2% (10.3−73.7 95%CI) of secondary
infections may be due to pre-symptomatic transmission.

ASYMPTOMATIC INFECTIOUS PERIOD
Table 2 lists twenty-five studies that provide estimates of the asymptomatic infectious period, identified through case series and contact tracing
investigations. Asymptomatic cases can transmit COVID-19 but there have been few studies investigating the infectious period of asymptomatic
cases as they rarely undergo testing. Furthermore, there have been few studies that investigate live viral shedding from asymptomatic carriers via
culture. The majority of studies identify asymptomatic cases through contact tracing and determine the length of viral RNA shedding via RT-PCR
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from the first day of a positive RT-PCR test to the first day of consecutive negative results. Caution is warranted when interpreting these results as
RT-PCR positivity is not indicative of infectiousness and the duration of viral detectability likely overestimates the infectious period.
The best available evidence come from a cohort of asymptomatic cases that detected viable virus and viral RNA through infection. The viral load
was highest during the first week of infection and declined in subsequent weeks (Quicke et al., 2020). Further, infectious virus was not detected in
nasopharyngeal swabs from individuals with less than 100,000 RNA copies/swab, indicating that low levels of viral RNA correspond to low levels of
infectious virus.
Some studies comparing asymptomatic and symptomatic cases show that symptomatic cases demonstrate longer viral RNA shedding periods
(Alshami et al., 2020; Y. H. Lee et al., 2020; S. Lee et al., 2020; W. Li et al., 2020; Y. Li et al., 2020a; Y. Lu et al., 2020; Noh et al., 2020; Saurabh et al.,
2020; Valente et al., 2020; X. Wei et al., 2020; Z. Zhang et al., 2020), while other studies show no difference between the groups (Lombardi et al.,
2020; Xiong et al., 2020) or the opposite association (Long et al., 2020). Similar viral loads have been reported for asymptomatic, pre-symptomatic,
and symptomatic cases. Thus, the total infectious period of asymptomatic cases is likely similar or shorter than that of symptomatic cases. The
length of viral RNA shedding in asymptomatic cases is not significantly associated with age or sex.

Table 2: Studies evaluating the asymptomatic infectious period of COVID-19 (N=25)
Reference

Study Type

-Population &
Setting
-Time Period

IP
determined
via: Culture, RT-

Key Outcomes

PCR Serial testing,
Epi data, or Model

Culture & RT-PCR Studies
(Quicke et al., Longitudinal
2020)
surveillance
Preprint
study

-Asymptomatic Culture
staff (n=454) at (Plaque assay)
5 skilled
& RT-PCR
nursing
facilities
(prevalence
varied
considerable
between
facilities) in
Colorado, USA
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Nasopharyngeal swabs
-N1 viral RNA level was positively correlated with the amount of infectious virus
detected via plaque assays.
-Infection length ranged from 1- 4 weeks, as determined by detection of viral
RNA via qRT-PCR for the SARS-CoV-2 N1 gene.
-Levels of viral RNA and infectious virus were highest during the first week of
infection and declined in subsequent weeks.
-Infectious virus was not detected in individuals with less than 100,000 N1 RNA
copies/swab.
-One staff member had a weak positive result detected via a single passage
plaque assay three weeks after initial diagnosis.
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(Lavezzo et
al., 2020)

Prospective
cohort

(W. Li et al.,
2020)

Prospective
cohort

(Y. H. Lee et
al., 2020)

Prospective
cohort

(Saurabh et
al., 2020)

Prospective
cohort

-Timeline not
reported
-Survey 1=
2,812 residents
and Survey 2
=2,343
residents in
Italy
-February 21 –
March 7, 2020
-Asymptomatic
(n=3), presymptomatic
(n=6), and
symptomatic
(n=9) cases in
China
-January 29 –
February 5,
2020
-Asymptomatic
and mild cases
(n=632) in
South Korea
-March 2 –
April 12, 2020

-Asymptomatic
(n=44) and
symptomatic

September 10, 2020

RT-PCR

Nasopharyngeal swabs
-Found no statistically significant difference in the viral load of symptomatic
versus asymptomatic infections.
-Found that the viral load tends to peak around the day of symptom onset and
for most of the subjects tends to decline after symptom onset.

RT-PCR

Respiratory and anal swabs
- The median duration of viral shedding was shorter in pre-symptomatic
patients (11.5 days) than in asymptomatic (28 days) and mild symptomatic cases
(31 days).

RT-PCR

Oral and nasal swabs
-Symptomatic patients had a longer period between diagnosis and negative RTPCR results than asymptomatic patients: 21.8 days (7.6 SD) vs. 19.1 days (7.5 SD),
p<0.0001.
-Respiratory symptoms had statistically significant correlation to the RNA
shedding period (p<0.0001). However, there were no statistically significant
differences related to gastrointestinal symptoms, headache, fever, and other
symptoms. There were also no statistically significant differences according to
sex, age, or underlying conditions.
Oropharyngeal and nasopharyngeal swab
-The asymptomatic individuals had median virus persistence duration of
8.87 days (95% CI: 7.65–10.27) and 95 percentile duration of 20.70 days (95% CI:

RT-PCR
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(n=7) cases in
India
-March 19 –
May 21, 2020

(Long et al.,
2020)

Prospective
cohort

(Y. Lu et al.,
2020)

Retrospective
cohort

(Alshami et
al., 2020)

Retrospective
cohort

Preprint

-Asymptomatic RT-PCR
cases (n=37)
and matched
symptomatic
cases (n=37) in
China
-April 10, 2020
end date
-Hospitalized
RT-PCR
children with
mild and
ordinary
COVID-19
(n=110) in
China
-January 30 –
March 10, 2020
-LaboratoryRT-PCR
confirmed
COVID-19
subjects who
were
quarantined in

EMERGING SCIENCES - SUMMARIES

September 10, 2020
16.08–28.20).
-Around one-fourth asymptomatics (10/44) demonstrated SARS-CoV-2
persistence beyond 2 weeks.
-The virus persistence duration for symptomatic individuals was 10.98 days
(8.38–14.44 95%CI). This was not found to be significantly longer than that of
asymptomatic individuals (P = 0.222).
-Age (<60 years) and local transmission were found to be significantly
associated with longer virus persistence among asymptomatic individuals on
univariate regression but not in multivariate analysis.
Nasopharyngeal swabs
-The median duration of viral RNA shedding in the asymptomatic group was 19
days (15-26 IQR).
-The asymptomatic group had a significantly longer duration of viral RNA
shedding than the symptomatic group (log-rank P = 0.028).
-Data suggest that asymptomatic individuals had a weaker immune response to
SARS-CoV-2 infection.
Respiratory swab
-The median duration of viral RNA shedding was 15 days (11–20 IQR, 5-37
range).
-The duration of viral shedding in symptomatic patients was statistically longer
(p<0.001) than that in asymptomatic patients: 17 days (12-23 IQR) vs. 11 days
(9-13 IQR).

Nasopharyngeal and oropharyngeal swab
-69 patients (54%) did not exhibit any symptoms.
-For the patients that did experience symptoms, the median time to resolution
was 5 days.
-The median time to viral clearance was significantly longer (p=0.011) in the
symptomatic patients than the asymptomatic patients: 17 days (12.4-21.6
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(Noh et al.,
2020)

Retrospective
cohort

(S. Lee et al.,
2020)

Retrospective
cohort

(Xiong et al.,
2020)

Retrospective
cohort

a governmentdesignated
facility
following
travel outside
the kingdom
(n=128) in
Saudi Arabia
-March 16 –
April 18, 2020
-Hospitalized
patients
(n=199) in
South Korea,
26.6% were
asymptomatic
-Timeline not
reported

-Symptomatic
and
asymptomatic
patients
(n=303) in
Korea
-March 6 – 26,
2020
-Hospitalized
pediatric cases
(n=244)
-January 21 –

September 10, 2020
95%CI) vs. 11 days (8.7-13.3 95%CI).

RT-PCR

RT-PCR

RT-PCR

EMERGING SCIENCES - SUMMARIES

Specimen type not reported
-Duration of viral shedding was defined as time from diagnosis to the day
before first negative conversion of two consecutive negative results of RT-PCR.
-Mean duration of viral shedding was 24.5 days (± 4.8 SD).
-Duration of viral shedding was longer in symptomatic patients than in
asymptomatic patients: 25.2 days (± 4.9 SD) vs. 22.6 days (± 4.0 SD), p < 0.01.
-Symptomatic patients with chest pain released the virus significantly longer
than those without: 30.0 (± 4.7 SD) days vs. 25.0 days (± 4.8 SD), p = 0.01).
-Patients who complained of sputum also experienced prolonged viral RNA
shedding: 26.8 days (± 4.8 SD) vs. 24.6 days (± 4.8 SD), p = 0.03.
Nasopharynx, oropharynx, and sputum swab
-The median time from diagnosis to the first
negative viral RNA conversion was 17 (1.07, SE) days for asymptomatic patients
and 19.5 (0.63, SE) days for symptomatic (including pre-symptomatic) patients
(p=0.07).

Nasopharyngeal aspirate
-The duration between positive and negative nasopharyngeal aspirate were
similar in patients with COVID-19, regardless of whether they were
asymptomatic or symptomatic (mean of 8.2 days vs 8.9 days; P = 0.434),
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(Lombardi et
al., 2020)

Retrospective
cohort

(Kim et al.,
2020)

Retrospective
cohort

(Y. J. Liu et al.,
2020)

Retrospective
cohort

(M.S. Han et
al., 2020)

Retrospective
cohort

Preprint

September 10, 2020

March 20, 2020
-Health care
RT-PCR
workers in Italy
-February 24 –
March 31, 2020

-Laboratoryconfirmed
hospitalized
COVID-19
patients in
South Korea
-February 4 –
April 7, 2020
-Asymptomatic
(n=35) and
subclinical
(n=18)
pediatric cases
in China
-Timeline not
reported
-Mildly
symptomatic
(n=9) and
asymptomatic
children (n=3)
in South Korea
-March 8 –

RT-PCR

suggesting a similar duration of viral shedding.
Nasopharyngeal swab
-Of 138 subjects with a positive viral RNA test, 41/138 (29·7%) were
asymptomatic.
-Median time from first positive to a negative test did not differ between
symptomatic subjects and asymptomatic cases, 23 days (18-26 95%CI) vs. 23
days (19-29 95%CI).
-Median time of viral shedding was not statistically associated with gender or
age.
Nasal-throat swab
-10/71 laboratory confirmed cases, as determined by RT-PCR, were
asymptomatic.
-The median time to first negative RT-PCR test after diagnosis was 4.5 days (2.5–
9 range).
-Authors suggest that 14-day quarantine at home after diagnosis may be
adequate for asymptomatic carriers.

RT-PCR

Nasopharyngeal swabs
-The mean time to clearance of SARS-CoV-2 nucleic acid in nasopharyngeal
swabs was 9±4 days.

RT-PCR

Nasopharyngeal, fecal, and saliva swabs
-Viral RNA load in the nasopharyngeal swabs peaked early at median 7.56 log10
copies/mL and decreased over time (p<0.001 for trend). The positivity of the
specimens was 75% during week 2 and 55% during week 3.
-In comparison, the median initial fecal RNA load was 7.68 log10 copies/mL and
remained steadily high (p = 0.148 for trend) for >3 weeks. Fecal positivity
remained >80%.
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April 28, 2020

(Shen et al.,
2020)

Retrospective
cohort

(Z. Zhang et
al., 2020)

Case series

(Mesoraca et

Case series

Preprint

-Pediatric
patients (seven
mild & two
asymptomatic)
in China
-January 8 –
February 26,
2020
-56 COVID-19
patients
without
symptoms at
admission (33
later displayed
symptoms)
and 19 agematched
symptomatic
patients from
China
-January 23 –
April 1, 2020
-Asymptomatic

RT-PCR

RT-PCR

RT-PCR
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-The median RNA load in fecal samples was significantly higher than that for
nasopharyngeal swab specimens during week two (p = 0.006) and week 3 (p =
0.006).
-The RNA load in saliva declined rapidly with time (p = 0.003 for trend).
Positivity in saliva samples was 80% in week one but dropped sharply to 33% in
week 2 and 11% in week 3.
-Symptomatic children had higher initial RNA load in nasopharyngeal swab
specimens than asymptomatic children (p = 0.048). There was no significant
differences in feces or in saliva and no correlation between RNA load and age.
Specimen type not reported
-6 children had a family exposure and could provide exact dates of close
contract with someone confirmed to have COVID-19.
-The time from exposure to negative RT-PCR results in asymptomatic cases
(n=2) was 10 days and 14 days.

Respiratory and anal swab
-Among 56 patients without symptoms at admission, 23 remained
asymptomatic throughout the follow-up period.
-Infectious period in this study was defined as the period from the first day of
positive nucleic acid test to the first day of continuous negative test during
hospitalization.
-They also provide estimates for the mean days from symptom onset to RNA
negative-conversion.
-The infectious period of asymptomatic patients (n=19) was statistically shorter
than pre-symptomatic patients (n=30) 9.6 days (±5.3 SD) vs. 13.6 (±6.6 SD),
p=0.03.
-The symptomatic patients also had a shorter infectious period, 9.71 days (±4.3
SD), compared to pre-symptomatic cases (p=0.05), but a similar time between
illness onset and negative conversion, 16.6 (±5.6 SD) and 16.6 (±7.5 SD).
Respiratory and fecal swabs
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al., 2020)

(W. Du et al.,
2020)

Case series

(Shin et al.,
2020)

Case report

(Mao, Wan,
He, Hu, &
Chen, 2020)

Case series

(Y. Li et al.,
2020a)

Case series

(Valente et
al., 2020)

Case series

Preprint

and mild
patients (n=15)
in Italy
-March 4 –
April 20, 2020
-Asymptomatic
(n=5) and mild
(n=5) pediatric
cases in China
-January 23 –
March 9, 2020
-11 year old
asymptomatic
girl from South
Korea
-March 12 –
May 13, 2020
-Asymptomatic
cases (n=2) in
China
-January 27 –
February 21,
2020
-Asymptomatic
cases (n=38) in
China
-February –
March, 2020

-Pediatric
hospitalized

September 10, 2020
-Of the 10 patients with fecal sample negative in the first 10 days, 6 samples
became positive 2 weeks after their first positive respiratory tract test.
-In four cases, fecal samples showed positive viral RNA shedding 25 days more
than their respiratory tract samples.
RT-PCR

Respiratory and fecal samples
-The median time from onset to negative RT-PCR results in respiratory tract and
fecal specimens was 9 days and 34.43 days, respectively.

RT-PCR

Nasopharyngeal swabs
-Child had positive SARS-CoV-2 RNA detection for 62+ days with no symptoms
during the entire period.

RT-PCR

Throat swab
-Discovered that after 14 days of isolation, 2 asymptomatic cases were still viral
carriers of COVID-19.
-1 case produced positive RT-PCR results up to 19 days post start of isolation.

RT-PCR

Pharyngeal swabs
-The median viral shedding time was 6 days with a minimum of 2 days and
maximum of 17 days between first nucleic positive test and last nucleic positive
test.
- The authors note that this shedding period is shorter than that noted in other
studies of symptomatic cases, suggesting shorter infectivity for asymptomatic
cases.
Nasopharyngeal and conjunctival swab
-Two asymptomatic cases became negative after three days post symptom

RT-PCR
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Epidemiologic studies
(Z. Hu et al.,
Serial testing
2020)
and cluster
tracing study

(Ma et al.,
2020)

Preprint

Literature
review

September 10, 2020

patients (n=27)
in Italy, 4 were
asymptomatic,
15 showed
respiratory
symptoms, and
8 had
gastrointestinal
symptoms
-March 16 –
April 15, 2020

onset while a symptomatic case tested negative after 6 days, while remaining
positive on nasopharyngeal swabs.
-Additionally, the nasopharyngeal swab was negative on average 8 days (range,
2-17 days) from onset of symptoms, whereas conjunctival swab became
negative in all patients on average in 4 days (range, 3-6 days).

-Cases with
RT-PCR & Epi
asymptomatic
data
infection
(n=24) in China
-January 28 –
February 9,
2020

Pharyngeal swab
-Observed asymptomatic transmission to the cohabiting family members, which
even caused severe COVID-19 pneumonia.
-The median asymptomatic communicable period, defined as the interval from
the first day of positive nucleic acid tests to the first day of continuous negative
tests, was 6 days (2-12 IQR) in cases that did not develop symptoms but had
some evidence of COVID-19 in CT scan (n=19), and 4 days (2-15 IQR) in cases
that did not develop symptoms and had normal CT scan.
-Among 49 asymptomatic cases the median infectious period was 11.66 days
(9.9-13.3 range)
-Infectious period was approximated as serial interval minus the upper limit of
latent period. In these analyses, the date of diagnosis was used as the day of
onset for asymptomatic cases.

-Cases that
contained the
data that
allowed for
estimation of
at least 1
parameter in
China, Japan,
Singapore,
South Korea,
Vietnam,
Germany, and

Epi data
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Malaysia
-February 20,
2020 end date

SYMPTOMATIC INFECTIOUS PERIOD
Table 3 lists one hundred and seven studies that evaluate the symptomatic infectious period of COVID-19, identified through systematic
reviews/meta-analyses, case series, observational studies, and modeling. Key studies report robust evidence of infectiousness via culture,
evaluation of risk factors for prolonged viral shedding (e.g., sex, age, severity), evidence of differences in viral RNA shedding between different
specimen types (fecal vs. respiratory) and models that estimate the entire infectious period.
Studies that report virus culture only provide measurements from symptom onset and are likely to underestimate the total infectious period, as
they do not take pre-symptomatic infectiousness into account. They are also based on limited sample size. For mild cases, the best available
estimates for the infectious period measured from symptom onset is 8-10 days determined using virus culture (Arons et al., 2020; Bullard et al.,
2020; Folgueira et al., 2020; La Scola et al., 2020; Perera et al., 2020; Singanayagam et al., 2020; van Kampen, Jeroen J. A. et al., 2020; Wölfel et al.,
2020), with high viral loads observed in the first five days and a viral peak at four days post onset (Wölfel et al., 2020).
Prolonged viable virus shedding have been reported in a few studies, mainly still in preprint with small sample sizes. Case reports, some of which
detail immunocompromised cases, demonstrate viable virus up to 18-22 days self-reported post symptom onset (Decker et al., 2020; Gniazdowski
et al., 2020; W. D. Liu et al., 2020; van Kampen, Jeroen J. A. et al., 2020). Even longer durations (up to 32 days) have been reported in a small sample
of severe cases (Folgueira et al., 2020). One study confirmed the presence of infectious SARS-CoV-2 in urine and faecal specimens from days 11,
13, and 15 of severe/critical illness by demonstrating infection in inoculated ferrets (Jeong et al., 2020).
There are a few studies that have cultured SARS-CoV-2 from the fecal/rectal samples of confirmed cases (Qian et al., 2020; F. Xiao et al., 2020; Y.
Zhang et al., 2020). However, more evidence is needed to determine the likely frequency and duration of shedding viable virus via the fecal route
and whether fecal-oral, fecal-fomite or fecal-respiratory transmission occurs.
The majority of serial testing studies measure infectious period via RT-PCR from the date of self-reported symptom onset or first RT-PCR positive
result to the first of two negative consecutive RT-PCR results. Caution is warranted when interpreting these results as RT-PCR positivity is not
indicative of infectiousness and the duration of viral detectability likely overestimates the infectious period.
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Estimates from RT-PCR show prolonged shedding of viral RNA, frequently outlasting the duration of symptoms. A recent meta-analysis estimated
that the mean duration of RT-PCR positivity in respiratory samples from symptom onset to recovery or death was 13.4 days (95%CI: 10.9-15.8)
(Byrne et al., 2020). Concentration of viral RNA measured in upper respiratory samples are shown to decline after symptom onset (Kujawsk et al.,
2020; Lavezzo et al., 2020; Quicke et al., 2020; Wölfel et al., 2020; van Kampen et al., 2020; B. E. Young et al., 2020b; L. Zou et al., 2020). There have
also been extended periods of viral RNA shedding reported (up to 83 days) in respiratory samples (e.g. J. Li, Zhang, Liu, & Song, 2020; N. Li, Wang,
& Lv, 2020; Park et al., 2020; Shin et al., 2020).
Viral RNA presence has varied widely by sample type. Stool samples initially test positive by RT-PCR several days after the onset of symptoms on
average and remain positive longer than respiratory samples (Cai et al., 2020; Z. Chen et al., 2020; Du et al., 2020; Hua et al., 2020; Ling et al., 2020;
Lyu et al., 2020; Mesoraca et al., 2020; Santos et al., 2020; F. Xiao et al., 2020; Y. Xing et al., 2020; C. L. H. Xu et al., 2020; N. Zhang et al., 2020).
Evidence of SARS-CoV-2 RNA viral shedding has also been identified in eye swabs (Hu et al., 2020; Valente et al., 2020; Xia et al., 2020). In one
study, eye swabs were continuously positive for two weeks after nasopharyngeal swabs turned negative on day 22 (Y. Hu et al., 2020). Whereas
conjunctival swabs became negative in pediatric patients sooner than nasopharyngeal swabs (4 days vs. 8 days) in another study (Valente et al.,
2020). In a study of 17 COVID-19 patients, no evidence of viral RNA shedding was found in tears throughout the course of disease (Seah et al.,
2020).
Individual or disease characteristics that determine the length of viral RNA shedding have been investigated, including cancer, severity, age,
symptomology. Further, the duration of viral RNA shedding was shown to be inversely correlated with plasma levels of T-cell cytokines IL-1β and
IL-17A at the initial phase of infection (P. H. Lee et al., 2020). There is also variable evidence for neutralizing antibodies and the association with
COVID-19 severity and viral clearance (Jeewandara, et al., 2020; Ru et al., 2020).
There are three studies that investigate SARS-CoV-2 shedding from animals. An experimental challenge trial in rhesus macaques reported the
isolation of viable virus up to three days post infection, while viral RNA shedding continued up to 17 days post infection (Munster et al., 2020). A
case series of large felines from the Bronx zoo reported the isolation of viable virus in two animals, five days after clinical signs had ceased (Bartlett
et al., 2020). An experimental challenge trial of cats found that nasal swabs were positive for viral RNA at days 1 through 10 post challenge, with
maximal quantities observed from days 1 through 5 post challenge (Gaudreault et al., 2020).
Due to an abundance of case reports, not all case reports reporting serial testing have been included in this table.
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Table 3: Studies evaluating the symptomatic infectious period of COVID-19 in humans and animals. (N=107)
Reference

Study Type

-Population & Setting
-Time Period

IP determined
via: Culture, RT-

Key Outcomes

PCR Serial testing,
Epi data, or Model

Culture & RT-PCR studies
(Jeong et al.,
Prospective
2020)
cohort

-Five COVID-19
patients from Korea
and groups of ferrets
-February 25 – March 5,
2020

Culture & RTPCR

(B. E. Young et
al., 2020a)

Prospective
cohort

-Hospitalized patients
(n=100) in Singapore
-January 22 – March 6,
2020

Culture & RTPCR

(Wölfel et al.,
2020)

Prospective case
series

-Nine hospitalized
confirmed patients with
mild symptoms in
Germany
-Cases discovered
January 27, 2020

Culture & RTPCR

Preprint
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Respiratory and fecal swabs
-Viable SARS-CoV-2 virus was isolated from three respiratory
specimens taken from COVID-19 patients at 11 and 15 days of
illness.
-Viral loads in urine, saliva, and stool samples were almost equal
to or higher than those in naso/oropharyngeal swabs.
-To confirm the presence of infectious SARS-CoV-2 in urine and
faecal specimens, two urine specimens (from day 11 and 13 of
illness) and one faecal specimen (day 15 of illness) were
selected for ferret infection experiments. All urine and stool
specimen-treated ferrets showed evidence of infection.
Respiratory swabs
-Viral culture from respiratory samples was positive for 14 of 73
patients.
-PCR cycle threshold value ≤30 predicted viral isolation by
culture
-Average duration of viral RNA shedding was 16.7 days (95% CI
15·2-18·3) and did not differ significantly by disease severity or
use of lopinavir-ritonavir.
Respiratory swab
-Live virus was isolated from upper respiratory swabs via viral
culture during the first seven days following symptom onset. No
isolates were obtained from samples after the eighth day
despite the ongoing presence of viral RNA.
-Viral RNA shedding was demonstrated in sputum and upper
respiratory samples up to 22 and 20 days, respectively.
-Viral load peaked on day four post onset at 7.11 × 108 RNA
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(van Kampen,
Jeroen J. A. et
al., 2020)

Retrospective
cohort

-Hospitalized COVID-19
patients (n=129, 89
intensive care, 40
medium care) in the
Netherlands
-March 8 – April 8, 2020

Culture & RTPCR

(Folgueira et al.,
2020)

Retrospective
cohort

-Samples (n=106) from
105 patients in Spain
-Timeline not reported

Culture

(La Scola et al.,
2020)

Retrospective
cohort

-183 samples from 155
patients in France
-February 27 – March

Culture & RTPCR

Preprint

Preprint
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copies per throat swab. The average viral RNA load was 6.76 ×
105 copies per whole swab until day five. Swab samples taken
after day five had an average viral load of 3.44 × 105 copies per
swab and a detection rate of 39.93%.
Stool swab
-Live virus was not isolated from stool samples despite the
presence of on-going viral RNA (detected up to 21 days post
symptom onset).
Upper and lower respiratory swabs
-Infectious virus shedding was detected in 62 respiratory
samples of 23/129 patients (17.8%).
-The median duration of infectious viral shedding was 8 days
(5-11 IQR, 0-20 range) and the probability of detecting
infectious virus dropped below 5% after 15.2 days (13.4-17.2
95%CI) post symptom onset.
-Infectious virus shedding dropped to undetectable levels when
viral RNA load threshold was below 7 log10 RNA copies/mL and
once serum neutralizing antibodies were present. These
associations were significant in uni- and multivariate analysis.
Respiratory samples
-In 49/106 samples (46.2%) a cytopathic effect was detected in
culture.
-In mild cases, viral viability was maintained up to 10 days post
symptom onset.
-In severe cases, viral viability was maintained up to 32 days
post symptom onset.
-Compared to mild cases, severe cases presented infective virus
in a significantly higher proportion in samples with moderate or
low viral load, (p <0.01).
Nasopharyngeal and sputum swabs
-SARS-CoV-2 could not be isolated from samples collected after
day eight of symptom onset.
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12, 2020
(Singanayagam
et al., 2020)

Retrospective
cohort

-324 samples, 81
culture positive in the
United Kingdom
-January – May, 2020

Culture & RTPCR

(Perera et al.,
2020)

Retrospective
cohort

Culture & RTPCR

(Gniazdowski et
al., 2020)

Retrospective
cohort

-Respiratory specimens
(n=68) from 35 COVID19 patients in Hong
Kong
-Timeline not reported
-Patients’ specimens
(n=161) that were
positive by molecular
testing in the United
States
-March 11 – May 11,
2020

(Bullard et al.,

Retrospective

-RT-PCR SARS-CoV-2

Culture & RT-

Preprint
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Culture & RTPCR

- Suggest that patients with Ct values ≥34 are no longer
infectious and are suitable for discharge.
Respiratory swabs
-Detection of cultivable virus peaked around the time of
symptom onset. Median duration of virus shedding as
measured by culture was 4
days (1–8, IQR) from symptom onset.
-Ten days after symptom
onset, the probability of culturing virus declined to 6.0% (0.9–
31.2%, 95%CI)
-There was no difference in cycle threshold values between
those with asymptomatic, mild-to-moderate, or severe illness.
There was no significant difference between age groups.
Respiratory swabs
-Virus was isolated from 16 patients.
-Viable SARS-CoV-2 were rarely detectable beyond 8 days after
onset of illness in mild cases. However, viral RNA was detectable
for many weeks by reverse transcription PCR.
Oropharyngeal swabs
-To assess recovery of infectious virus they evaluated a
randomly selected subset of 29 patients, many of which had
chronic underlying conditions (n=27).
- Four patients had viable virus recovered from respiratory
specimens collected up to 22 days after the first positive result.
-Infectious virus shedding was not associated with a specific
outcome as one patient was never admitted, one was
hospitalized but mild, and two had severe disease.
- Recovery of infectious virus was associated with persistence of
symptoms in all but one patient.
-Complete viral genome sequencing showed these patients
were carrying the same virus over time (no reinfection).
Nasopharyngeal and endotracheal swabs
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2020)

cross-sectional
study of samples
submitted to lab

positive samples
(N=90) in Canada
-Timeline not reported.
Samples taken from
day of symptom onset
(Day 0) up to 21 days
post symptom onset

PCR

(Kujawski et al.,
2020)

Case series

-First 12 confirmed
patients in the United
States
-January 20 – February
5, 2020

Culture & RTPCR

(Decker et al.,
2020)

Case report

Culture & RTPCR

(W. D. Liu et al.,
2020)

Case report

-Sixty-two year old
male mild COVID-19
patient with a recent
heart transplantation in
Germany
-March 13, 2020
onward
-50 year old woman in
Taiwan
-Timeline not reported
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Culture & RTPCR

-Of 90 RT-PCR SARS-CoV-2 positive samples analyzed, SARSCoV-2 was successfully cultivated from 26 (28.9%).
-Positive cultures were only observed up to day 8 post
symptom onset.
-The probability of obtaining a positive viral culture peaked on
day 3 post symptom onset.
-Infectivity was significantly reduced when RT-PCR Cycle
threshold values were greater than 24.
Respiratory swab
-Viral culture was successful for all 9 patients tested, with
positive results from respiratory samples at 9 days post
symptom onset. Viral isolation was not attempted on later
specimens.
-All 12 patients had SARS-CoV-2 RNA detected in respiratory
specimens, typically for 2–3 weeks post symptom onset.
-SARS-CoV-2 RNA was detected for a max of 36 days post
onset, long after symptoms had fully resolved.
-Serum and stool specimens also demonstrated positive viral
shedding for a maximum of eight and 25 days, respectively.
Throat swabs
-Patient had no clinical symptoms after 20 days since initial
presentation, but virus culture of throat swabs on day 18 and 21
confirmed active SARS-CoV-2 viral replication.
-Under continued immunosuppression, SARS-CoV-2 viral RNA
remained detectable up to day 35 with copy numbers similar to
onset of infection.
Throat swab and sputum samples
-SARS-CoV-2 could be isolated from cultures in throat swab
collected upon admission, and all sputum specimens collected
within 18 days after symptoms onset.
-Viral RNA was detectable via RT-PCR up to 63 days post
symptom onset.

26

COVID-19 Summary of Infectious Period
(Y. Zhang et al.,
2020)

Case report

(F. Xiao et al.,
2020)

Case series

(Sun et al.,
2020)

September 10, 2020

-One laboratoryconfirmed
COVID-19 severe case
in China
-January 16 – February
1, 2020
-Fatal COVID-19 case
and 28 other feces
specimens in China
-January, 2020

Culture

Stool swab
-SARS-CoV-2 was isolated from a stool specimen of a case who
experienced symptom onset on January 16, 2020 and was
sampled on February 1, 2020.
-The interval between sampling and onset was 15 days.

Culture & RTPCR

Case report

-72 year old man in
China
-January 25 – March 6,
2020

Culture & RTPCR

(Mancuso et al.,
2020)

Populationbased
prospective
cohort

-COVID-19 cases
(n=1162) in Italy
-February 26 – April 22,
2020

RT-PCR

(K. Wang et al.,
2020)

Prospective
cohort

-Hospitalized patients
(n=68) in China

RT-PCR

Nasopharyngeal, oropharyngeal, and fecal swabs
-The viral load was higher in feces than in respiratory samples
collected at multiple time points (17–28 days after symptom
onset).
-Isolation of virus from feces samples collected at later time
points was not successful, despite ongoing viral RNA shedding.
-Authors also collected feces specimens from 28 patients. 12,
including the case mentioned above, were positive for viral
RNA. Isolation of SARS-CoV-2 virus was successful for 2
patients.
Urine
-Viral load in urine was low but detectable at day 12 and day 42
post infection, but not at day 30.
-In order to prove that the isolated virus was infectious to
susceptible cells, RT-PCR positive urine specimens from day 12
post infection was serially diluted in infection media and
inoculated onto Vero E6 cells.
-Cytopathic effects were clearly observed after 3 days, raising
the possibility of fecal/urine-respiratory transmission.
Nasopharyngeal swabs
-Median time of viral RNA clearance determined via RT-PCR
was 36 days (28-45 IQR) from symptom onset.
-The time to viral clearance increased with age and
hospitalization, although this was not statistically significant.
Nasopharyngeal and sputum swabs
-The median duration of viral RNA shedding from sputum

Preprint
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-February 10 – March
20, 2020

(Yu et al., 2020)

Prospective
cohort

-Recovered cases
(n=75) in China
-March 9 – 14, 2020

RT-PCR

(Shrestha et al.,
2020)

Prospective
cohort

-Healthcare workers
(n=230) in Cleveland,
United States
-March 16 – April 20,
2020

RT-PCR

(Y. Xing et al.,
2020)

Prospective
cohort

-Pediatric cases (n=3) in
China
-January 17 – February
23, 2020

RT-PCR

(Yu, Zhang et
al., 2020)

Retrospective
matched-pair
cohort study

-Hospitalized patients
with COVID‐19
pneumonia, 64
confected with
influenza A/B and 64
influenza negative in
China

RT-PCR

Preprint
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specimens was significantly longer than from NPS: 34 days (2440 IQR) vs. 19 days (14-25 IQR), p<0.001.
-Elderly age was an independent factor associated with
prolonged virus shedding time of SARS-CoV-2 (HR 1.71, 1.012.93).
- In nine patients, the viral RNA was detected in sputum after
NPS had turned negative.
Respiratory samples
-Of the 75 cases, 12 took <30 days to yield 2 consecutively
negative results from for SARS-CoV-2 RNA, 57 took 31 to
60 days; and 1 recruit took >60 days to fulfil this criterion.
-The mean 27.15 days (24.72-29.58 95%CI).
Nasopharyngeal swab
-Among patients with non-severe COVID-19, viral loads in
upper respiratory specimens peaked by two or three days from
symptom onset and decrease rapidly thereafter.
- In individuals with non-severe illness, transmission potential of
COVID-19 is greatly diminished by 7-10 days since the onset of
symptoms.
Throat swab
-Median infectious period from symptom onset to viral
clearance was 13.5 days (11-16 range).
Fecal swab
-Median infectious period from symptom onset to viral
clearance was 29 days (24-34 range).
Throat swabs
-The median duration of viral shedding time from admission
was longer for patients with influenza coinfection (17.0 days)
than for those without influenza coinfection (12.0 days)
(P< .001).
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(Spagnuolo et
al., 2020)

Retrospective
cohort

(X. Zheng et al.,
2020)

Retrospective
cohort

(F. Hu et al.,
2020)

Retrospective
cohort

(Bahar et al.,
2020)

Retrospective
cohort

(X. Chen et al.,
2020)

Retrospective
cohort

(Y. Shen et al.,
2020)

Retrospective
cohort

Preprint

Preprint

-January 28 – March 17,
2020
-Hospitalized patients
(n=280) in Italy
-February 25 – May 19,
2020
-Hospitalized patients
(n=80) in China, 28
severe, 52 common
type
-January 17 – March 9,
2020
-Hospitalized patients
(n=190) in China
-January 8 – February 9,
2020

September 10, 2020

RT-PCR

RT-PCR

RT-PCR

-Pediatric cases
(n=6369) that
underwent testing in
the United States
-March 13 – June 21,
2020
-Hospitalized patients
(n=284) in China
-January 20 – March 15,
2020

RT-PCR

-Confirmed cases
(n=325) in China

RT-PCR

EMERGING SCIENCES - SUMMARIES

RT-PCR

Nasopharyngeal swabs
- Study shows that delayed SARS-CoV-2 clearance in
moderate/severe COVID-19 is associated with older age and a
more severe disease, but not with early use of corticosteroids.
Throat and fecal swabs
-The longest observed duration of
viral shedding for throat-swab and fecal sample in COVID-19
patients was 43 and 46 days after symptom onset, respectively.
-There was no correlation between the duration of viral
shedding and the severity of COVID-19.
Throat swabs
-Time from onset to admission (P < 0.001), and administration
of corticosteroid (P = 0.002), arbidol (P = 0.008) and oseltamivir
(P < 0.001) were independently associated with duration of viral
shedding.
Nasopharyngeal swabs
- Median duration of viral shedding (RT-PCR positivity) was 19.5
days and RT-PCR negativity from positivity was 25 days.
-Patients aged 6-15 years demonstrated longer durations of
viral shedding, compared to patients aged 16-22 years
(median=32 vs. 18 days, p=0.015).
Throat swabs
-The median duration of viral RNA shedding was 12 days (8–16
IQR) after the symptom onset.
-Older age, time lag from illness onset to hospital admission,
diarrhea, corticosteroid treatment and lopinavir/ritonavir were
significantly and independently associated with prolonged viral
RNA shedding.
Nasopharyngeal, urine, feces, and blood samples
-Median times from onset to negative detection of nucleic acid
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September 10, 2020

-January 20 – February
29, 2020

(N. Li et al.,
2020)

Retrospective
cohort

-Confirmed cases with
prolonged viral
shedding, >30 days
(n=36) in China
-February 11 – April 11,
2020

RT-PCR

(Korkmaz et al.,
2020)

Retrospective
cohort

-Hospitalized children
(n=81) in Turkey
-March 5 – May 5, 2020

RT-PCR

(T. Z. Li et al.,
2020)

Retrospective
cohort

-Hospitalized patients
(n=101) in China
-January 21 – March 15,
2020

RT-PCR

(X. Du et al.,

Retrospective

-Cases stratified by age,

RT-PCR
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by nasopharyngeal swab was 8 days.
-Longer duration of viral shedding in blood and feces was
detected among patients with mild disease using
glucocorticoid.
-Median time from illness onset to negative viral detection was
longer in severe and critical patients compared with mild
patients.
-Among 22 mild patients without antiviral treatment, median
times from illness onset to negative viral detection in
nasopharyngeal swab, urine, feces, and blood samples were 9,
7, 10, and 9.5 days, respectively.
-Prolonged viral RNA shedding even after symptomatic relief
was common, and the median duration of viral RNA shedding
was 53.5 days (47.75‐60.5 IQR).
-The longest duration of viral RNA shedding could be 83 days.
-Compared to the late‐onset group, the patients with early
onset had longer durations of viral shedding and more severe
illnesses.
Naso-oropharyngeal swabs
-The median time to turn SARS-CoV-2 RNA negative in the RTPCR test was 5 (3–10) days.
- The time to turn negative was significantly longer for those
aged five years or younger than others (P=0.037).
Throat swab
-The median duration of viral RNA shedding from onset was 11
days (8-14.3 IQR).
-In univariate analysis, disease severity, corticosteroid use, fever,
and time from onset to hospitalization were associated with
prolonged viral RNA shedding.
-In multivariate analysis, disease severity did not show a
significant association.
Specimen type not reported
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September 10, 2020

2020)

cohort

sex, and severity
(n=161) in China
-January 20 – March 1,
2020

(Tang Xiao et
al., 2020)

Retrospective
cohort

-Cases stratified by age
and gender (n=301) in
China
-January 21 – February
11, 2020

RT-PCR

(Voinsky et al.,
2020)

Retrospective
cohort

-Patients (n=5,769,
3,370 men and 2,399
women) in Israel
-April 28, 2020 end
date

RT-PCR

(Sharma et al.,

Retrospective

-Hospitalized cases

RT-PCR

Preprint
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-Median duration of viral carriage of all cases (n=161) was 20
days (range 6-30).
-Median duration of viral carriage in males was 21 days (16.5-29
IQR) in males (n=89) vs. 20 days (16-26.8 IQR) in females
(n=72). There was no significant difference between the sexes
(p>0.05).
-Median duration of viral carriage for cases older or equal to 60
was statistically longer (p<0.01) than cases between 0-59 years
old: 28 days (19-33 IQR) vs. 20 days (16-26 QR).
-Median duration of viral carriage for cases considered severe
(n=37) was statistically longer (p<0.01) than non-severe cases
(n=124): 27 days (19-33 IQR) vs. 20 days (16-26 IQR).
Upper respiratory swabs (throat and/or nasal swabs)
-The median period from symptoms onset to negative RT-PCR
test result was 20 days (17–24 IQR, 7–44 range, N=216).
-Female patients (n=147) had a shorter median period from
positive to negative SARS-CoV-2 RT-PCR test results than male
patients (n=154): 19 days (17–24 IQR) vs. 21 days (17–25 IQR).
This finding was not statistically significant (p=0.189).
-The median period from symptom onset to negative RT-PCR
results was significantly longer in older (≥65years, n=110)
patients that younger (<65, n=191): 22 days (19–26 IQR) vs. 19
days (IQR, 17–23), p=0.015.
Throat swab
-Time from first positive to first negative PCR test result was
significantly longer (p<0.05) for patients aged >30 years.
Recovery periods were:
Male<30: 13.84 (±5.67 SD)
Male >30: 14.69 (±6.0 SD)
Female <30: 13.66 (±5.87 SD)
Female >30: 14.24 (±6.16 SD)
Nasopharyngeal swabs
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2020)

cohort

(n=234) in India
-March 20 – April 30,
2020

(G. Wu et al.,
2020)

Retrospective
cohort

-Confirmed
hospitalized patients in
China
-January 23 – March 8,
2020

RT-PCR

(F. Xing et al.,
2020)

Retrospective
cohort

-Hospitalized patients
(n=229) in China
-January – March, 2020

RT-PCR

(Zeng et al.,
2020)

Retrospective
cohort

-Hospitalized COVID-19
patients (n=149) in
China
-January 20 – March 26,
2020

RT-PCR

(Fu et al., 2020)

Retrospective

-Hospitalized adult

RT-PCR

Preprint

Preprint

Preprint
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-Mean duration of viral RNA detectability was 10.2 days (6.4
SD).
-Duration was significantly lower in cases aged less than 40
years old compared to those aged 40-59 and >60 years old: 9.1
days (5.2 SD) vs. 11.3 days (6.1 SD) vs. 16.4 days (13.3 SD),
p=0.001.
Upper respiratory swab
-Mean time of viral RNA shedding from symptom onset to first
negative among common patients (n=93) was 15.1 days (± 7.23
SD).
-Severe patients (n=41) had a statistically longer (p=0.00)
shedding period of 20.56 days (±6.59 SD).
Lower respiratory swab
-Mean time of viral shedding was 27.45 days (±10.06 SD) for
common patients and 29.78 days (±10.11 SD) for severe
patients. There was no statistical difference between the groups
(p=0.328).
Fecal swab
-In the digestive tract, the mean time of viral shedding was 22.6
days (±7.69 SD) for common patients and 27.24 days (±7.86 SD)
for severe patients, which was statistically longer (P = 0.01).
Nasopharyngeal swab
-The time between diagnosis and first negative test result of
common patients was 25.5 days (±11.3 SD) and 37.1 (±14.4 SD)
for severe patients. This was statistically significant (p<0.001).
Throat swabs
-The median duration from illness onset to the second
SARS‐CoV‐2 RNA negative result was 20 days (16-24 IQR).
-Patients admitted to the intensive care unit had longer viral
shedding period from illness onset than non-ICU patients: 30
days (22-33 IQR) vs. 19 days (15.8-22 IQR), p<0.0001.
Throat swab or nasopharyngeal swab

32

COVID-19 Summary of Infectious Period

September 10, 2020

Preprint

cohort

COVID-19 patients
(n=3129) in China
-January 18 – March 31,
2020

(P. H. Lee et al.,
2020)

Retrospective
cohort

-Hospitalized patients
(n=201) in Singapore
-January 22 – April 5,
2020

RT-PCR

(Talmy et al.,
2020)

Retrospective
cohort

RT-PCR

(Corsini
Campioli et al.,
2020)

Retrospective
cohort

(T. Y. Yang et
al., 2020)

Retrospective
cohort

-Israel Defense Forces
soldiers with mild
COVID‐19 (n=219) in
Israel
-March 20 – May 5,
2020
-Hospitalized cases
(n=251) in the United
States
-February 1 – May 15,
2020
-Hospitalized cases
(n=50) in China
-February 2 – 13, 2020
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-The viral RNA shedding durations in critically ill patients were
significantly longer than non-critically ill patients: 24.0 days
(18.9-29.1 95%CI) vs. 18.0 days (16.8-19.1 95%CI).
-Non-critically ill patients (n=330) had persistent viral shedding
beyond 30 days post-onset.
-A lower IgM/IgG antibody titer in 4 weeks after illness onset
may be a risk factor of persistent infection.
Respiratory swabs
-Duration of viral shedding was not significantly associated with
sex, age, presence of comorbidities, baseline investigations,
prolonged fever, pneumonia, need for supplemental oxygen or
use of experimental antiviral agents.
- Median duration of viral RNA shedding was significantly
longer in patients requiring invasive mechanical ventilation.
-Duration of viral RNA shedding was inversely correlated with
plasma levels of T-cell cytokines IL-1β and IL-17A at the initial
phase of infection.
Oropharyngeal and nasopharyngeal swabs
-The median time of viral RNA duration from symptom onset in
this group of young and healthy adults was 21 days (15‐27 IQR,
4-45 range).

RT-PCR

Nasopharyngeal swabs
-The median time from symptom onset to negative RT-PCR
result was 23 days, and did not differ by symptoms.

RT-PCR

Nasopharyngeal swabs
-The duration of viral shedding was significantly longer in cases
presenting with gastrointestinal symptoms compared to
pulmonary symptoms (10.22 days ± 1.93 vs 8.15 days ± 1.87, P
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COVID-19 Summary of Infectious Period
(Jeewandara et
al., 2020)

Retrospective
cohort

(Jiang et al.,
2020)

Retrospective
cohort

(Carmo et al.,
2020)

Retrospective
cohort

Preprint

-Severe (n=6),
moderate (n=5) and
mild/asymptomatic
illness (n=13) and also
those who had mild
illness but with
prolonged shedding of
the virus (n=21) in Sri
Lanka
-April, 2020
-Hospitalized patients
with liver injury (n=76)
and without liver injury
(n=55) in China
-January 19 – February
20, 2020
-Patients (n=210) in
Portugal
-March 1 – April 30,
2020
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September 10, 2020
RT-PCR

< 0.01).
Respiratory swabs
-The median duration of virus shedding in this whole cohort
was 25 days (15-38 IQR)
-Ten individuals had shedding longer than 50 days.
-Those who had prolonged shedding of the virus, had
neutralizing antibodies appearing faster and at higher levels
than those who cleared the virus earlier.

RT-PCR

Specimen type not reported
-Liver injury was related to increased length of viral shedding
duration (mean difference: 3.0, 95% CI: 1.0–4.9).

RT-PCR

Nasopharyngeal and oropharyngeal swabs
-In the group of patients with 2 consecutive negative tests, the
first negative RT-PCR test was achieved a mean of 24.8 days (746 range) after the first positive test.
-In men, the first negative test took 24 days (7-46 range) and in
women it took 25 days (9-44 range), p>0.05.
-69 patients were discharged home and had mild illness. Mild
illness patients maintained viral RNA for a longer period of time.
47 were inpatients who had moderate to severe illness. In the
patients discharged home, the number of days until the first
negative test was 26.3 days (±8.5 SD) and in the inpatient group
it was 22.5 days (±9.3 SD), p=0.027.
-The inpatients aged over 65 took longer (23.9 days (± 9.7))
than those aged under 65 days (18.3 (± 9.7 SD)), to reach the
first negative test, p=0.026.
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(D. Shi et al.,
2020)

Retrospective
cohort

-Inpatients with
laboratory confirmed
COVID-19 (n=246) in
China
-January 27 – March 24,
2020

RT-PCR

(Qingxian et al.,
2020)

Retrospective
cohort

-Cases stratified by
body mass index in
China
-January 11 – February
16, 2020

RT-PCR

(Moriconi et al.,
2020)

Retrospective
cohort

RT-PCR

(Xiao, Fu, &
Yang, 2020)

Retrospective
cohort

(C. Cao et al.,
2020)

Retrospective
cohort

-Hospitalized cases
(n=100) in Italy
-March 16 – April 15,
2020
-Non-severe COVID-19
patients with
hypertension (n=24)
and without
hypertension (n=24) in
China
-January 23 – February
15, 2020
-Patients (n=157), 63
(40.1%) with GI
symptoms in China
-Timeline not reported

(H. Wang et al.,

Retrospective

-Hospitalized patients

RT-PCR
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Preprint
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RT-PCR

RT-PCR

Nasopharyngeal or pharyngeal swab
-Duration of viral shedding was defined as the duration from
illness onset to the date of first negative result of viral shedding.
-The median duration of viral shedding was 24 days (6-63
range).
-Soluble interleukin-2 receptor >710 U/mL, Lactate
dehydrogenase >250 U/L and severe COVID-19 were related to
prolongation of viral shedding, p<0.05.
Nasal Swab
-The median time from onset to viral clearance was not
significantly different (p=0.14) between different body mass
indexes:
Normal: 14 days (9-18 IQR), Underweight: 14·5 (10-21 IQR),
Overweight: 15 (10-22 IQR), Obese: 14 (9-20 IQR).
Pharyngeal and nasal swabs
-Patients with obesity showed a longer duration for obtaining a
negative oropharyngeal or nasal swab (19 ± 8 vs. 13 ± 7, days, p
= 0.002).
Nasopharyngeal swabs
-The mean period from symptom onset to negative conversion
was 17 days (5.5 SD) and 15 days (3.6 SD) for patients with and
without hypertension (p=0.021).

Nasopharyngeal swabs
-There was no significant difference in mean viral shedding
duration between patients with and without GI symptoms.
-Total: 12.4 days (6.4 SD) vs. GI symptoms: 13.0 days (6.1 SD) vs.
no-GI symptoms: 12.0 days (6.7 SD), p=0.3509.
Throat swabs
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2020)

cohort

(n=95) in China
-January 15 – March 2,
2020

(J. Han et al.,
2020)

Retrospective
cohort

(G. Zheng et al.,
2020)

Retrospective
cohort

(Woodruff et
al., 2020)

Retrospective
cohort

(J. Xu et al.,
2020)

Retrospective
cohort

(Nakamura et
al., 2020)

Retrospective
cohort

-Hospitalized cases
(n=185) in China
-January 21 – May 8,
2020
-Pediatric cases (n=52)
in China
-Timeline not reported
-First 100 patients in
the Mayo Clinic FL
Positive COVID Registry
in the United States
-May 15, 2020 end date
-Critically ill adult
patients (n=239) in
China
-January 12 – February
3, 2020
-Patients with a history
of cancer (n=32) in
Japan
-January 31 – May 25,
2020

Preprint
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RT-PCR

RT-PCR

RT-PCR

RT-PCR

RT-PCR

-This study suggests that NCD4LR is a potential and useful
biomarker for predicting the virus negative conversion time in
COVID-19 patients.
-The median negative conversion time (interval between
symptom onset and the first of two consecutive negative virus
tests) among all patients was 19 days (11–27 IQR).
-Patients with high neutrophil to CD4+ lymphocyte ratio
showed a relatively longer negative conversion time compared
to patients with a lower neutrophil to CD4+ lymphocyte ratio:
24 days (18-33 IQR) vs. 13 days (9-21 IQR) (p < 0.001).
Respiratory swabs
-The median duration of viral RNA shedding was 17 days from
illness onset; the longest duration was 51 days, and the shortest
duration was 4 days.
Oropharyngeal swabs
-The time from admission to first negative RT-PCR test was 12
days (8.0-16.8 IQR).
Nasopharyngeal swabs
-The mean time for onset of symptoms to undetectable viral
RNA was 21.5 days.
-Based on this data, the authors suggest more cautious
guidelines for isolation.
Respiratory and serum samples
-The median duration of the negative conversion of SARS-CoV2 RNA was 30 (range 6-81) days in 49 critically ill survivors that
were identified.
Nasopharyngeal swab
- The median period between illness onset and the first
effective negative SARS-CoV-2 RNA PCR result was 22 days
(interquartile range, 18–25) in survivors.
-Viral shedding was detected in one case up to 56 days post
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(Infante et al.,
2020)

Retrospective
cohort

(Berghoff et al.,
2020)

Retrospective
cohort

(J. Shi et al.,
2020)

Retrospective
cohort

(Ling et al.,
2020)

Retrospective
cohort

-Patients with
hematological
malignancies (n=26) in
Spain
-March 8 – April 8, 2020
-Patients with cancer
(n=4) in Austria
-March 21 – May 4,
2020
-Hospitalized cases
(n=99) in China
-January 19 – February
17, 2020

September 10, 2020
RT-PCR

RT-PCR

Nasal swab
-Viral clearance was achieved in three of the four patients 14-56
days after testing positive.

RT-PCR

Respiratory and stool samples
-One patient tested SARS-CoV-2 negative within 5 days, 9
patients tested negative within 10 days, and 49 tested negative
within 20 days from illness onset. A subset of 12 patients had
detectable levels of the virus up to 30 days from symptom
onset.
-The shedding time was significantly increased if fecal SARSCoV-2 RNA test results was positive. Male sex, immunoglobulin
use, APACHE II score, and lymphocyte count were independent
factors associated with a prolonged duration of SARS-CoV-2
shedding.
Oropharyngeal swab
-The median time from the onset of symptoms to first negative
RT-PCR results was
9.5 days (6.0–11.0 IQR).
Fecal swab
-Stool specimens were negative for SARS-CoV-2 RNA following
a median duration of 11.0 days (9.0–16.0 IQR) after symptom
onset.
-43 (65%) patients had a longer viral RNA duration in stool
swabs than for throat swabs, with a median delay of 2.0 days
(1.0–4.0 IQR).

-66 patients that had
RT-PCR
recovered after
treatment (convalescent
patients) in China
-January 20 – February
10, 2020
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onset.
Nasal swab
-Median duration of viral shedding was 32.7 days (10‐70,
range).
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(Hua et al.,
2020)

Retrospective
cohort

-Hospitalized children
(n=35) in China
-Up to April 20, 2020

RT-PCR

(J. Huang et al.,
2020)

Retrospective
cohort

-Hospitalized patients
(n=33) in China
-January 27 – April 10,
2020

RT-PCR

(P. Liu et al.,
2020)

Retrospective
cohort

-Hospitalized pediatric
COVID-19 cases (n=9)
in China
-January 19 – April 10,
2020

RT-PCR

Preprint
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Urine swab
-Results for only 4 (6.9%) urine samples were positive for viral
nucleic acid out of 58 cases.
-Viral RNA was still present in 3 patients’ urine specimens after
throat swabs were negative. Patients undergoing glucocorticoid
treatment had delayed viral clearance compared to those who
were not.
Fecal swab
-Fecal SARS‐CoV‐2 RNA detection was positive in 91.4% (32/35)
cases and some children had viral excretion time over 70 days.
-Viral clearance time was not different between groups treated
with different antiviral regiments.
Throat, sputum, and stool swabs
-The median time from symptom onset to undetectable viral
RNA in throat swab, sputum, and stool samples was 18.5 days
(13.25-22 IQR), 22 days (18.5-27.5 IQR), and 17 days (11.5-32
IQR) days, respectively.
-Compared to throat swabs, viral loads in sputum and stool
declined significantly slower (p<0.05).
-3 patients showed a detectable recurrence of viral RNA in
sputum when tested 2 weeks after discharge from the hospital.
Nasopharyngeal swabs
-The median duration of viral RNA shedding from the day of
illness onset to the last positive was 13 days (6–24 range).
Oropharyngeal swabs
-3 of 9 patients had oropharyngeal swabs that were SARS-CoV2
RNA-positive for a median duration of 4 days (3–10 range).
Stool swabs
-8 patients had SARS-CoV-2 shedding in their stools for a
median duration of 43 days (28–66 range). All had persistent
viral shedding in their stools after discharge, with a median
duration from the day of discharge to the day of last positive
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(N. Zhang et al.,
2020)

Retrospective
cohort

-Hospitalized patients
(n=23) in China
-January 20 – February
23, 2020

RT-PCR

(Lyu et al.,
2020)

Retrospective
cohort

RT-PCR

(Gombar et al.,
2020)

Retrospective
cohort

(RiveraIzquierdo et al.,
2020)

Case series

-Discharged patients
(n=6) in China
-January 23 – March 9,
2020
-Patients (n=87) and
healthcare workers
(n=63) with COVID-19
in Stanford, California,
United States
-March 3 – April 30,
2020
-Symptomatic health
professionals (n=76) in
Spain
-March 11 – April 13,
2020

(Warabi et al.,
2020)

Case series

-Hospitalized cases
(n=2) in Japan
-April 30 – May 14,

RT-PCR
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RT-PCR

RT-PCR

collected stool at follow-up of 22.5 days (4–46 range).
-SARS-CoV-2 RNA was not detected in the serum or urine
samples.
Upper respiratory and fecal swabs
-A longer virus shedding period was found in fecal samples
compared to the upper respiratory samples (22 days vs 10
days), although the viral RNAs in upper respiratory samples
were generally detectable earlier.
- The viral titers of respiratory swabs peaked at 6–9 days post
symptom onset and at 14–18 days for fecal samples.
- In one critically ill patient, all samples were negative until 21
days post symptom onset, when the fecal sample was positive.
Throat, sputum, and fecal swabs
-Stool samples were positive in 6 discharged patients with
negative throat and sputum swabs.
-The stool samples were positive up to 52 days from onset.
Respiratory swabs
-For patients, the median time from first positive RT-PCR test to
first negative test was 25 days. There was no demonstrable
difference with healthcare workers who had a median time of
23 days.

Specimen type not reported
-The median time from start of symptoms to negative PCR was
31 days.
-The duration of viral shedding was longer in females compared
to males (33 vs. 21 days, p=0.025) and cases aged 55+ years
compared to those <55 (33 vs. 28 days, p=0.207).
Nasopharyngeal swabs
-The average time from the onset of symptoms until the virus
was no longer detectable was 31.6 days (11.8 SD, 17-53 range).
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2020

(B. E. Young et
al., 2020b)

Case series

-First 18 patients
diagnosed with SARSCoV-2 infection in
Singapore
-January 23 – February
3, 2020

RT-PCR

(L. Zou et al.,
2020)

Case series

-Symptomatic patients
(n=17) in China
-January 7 – 26, 2020

RT-PCR

(Tepasse et al.,
2020)

Case series

-65 and 66 year old
males in Germany
-Timeline not reported

RT-PCR

(Wongsawat et
al., 2020)

Case series

-Three pediatric cases
in China
-Timeline not reported
-43 year old female
with past medical
history of Crohn’s

RT-PCR

(Navaneethan
Case report
&
LehnerNoguera,

EMERGING SCIENCES - SUMMARIES

RT-PCR

- In two patients who had mental retardation and psychiatric
disorders, the viral shedding period continued for 44 days and
53 days, respectively. These two patients did not voluntarily
brush their teeth.
-The authors propose that tooth brushing and gargling remove
viral nucleic acid and improve the accuracy of PCR testing.
Nasopharyngeal swabs
- Viral shedding was prolonged for 7 days or longer among 15
cases (83%).
-The median duration of viral shedding from first to last positive
nasopharyngeal swab collected was 12 days (range, 1-24), with
decreasing viral loads overtime.
- Virus was also detectable in the stool (4/8) and blood (1/12)
by PCR but not urine.
Nose and throat swabs
-Higher viral loads (inversely related to Ct value) were detected
soon after symptom onset, with higher viral loads detected in
the nose than in the throat.
Pharyngeal swabs
-The virus levels tended to further increase during the disease
course and there was no indication of virus clearance at all.
-Viremia peaked shortly before death in both patients;
furthermore there was no sign of viral clearance at 22 and
30 days after development of first symptoms or rather
22/26 days after first detection of SARS‐CoV‐2 RNA in
pharyngeal swabs.
Nasopharyngeal and throat swabs
-RT-PCR tests for viral RNA turned negative on days 15, 23, and
27 of illness for each child, respectively.
Nasopharyngeal swab
- Case had a repeat RT-PCR testing for SARS-CoV-2 by
nasopharyngeal swab twice and was finally negative after 22
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2020)

(Ru et al., 2020)

Case series

(Benotmane et
al., 2020)

Case series

(Tajima et al.,
2020)

Case report

(De Vriese &
Reynders, 2020)

Case series

(Zhou et al.,
2020)

Case series

Preprint

Preprint

disease in Florida,
United States
-Timeline not reported
-Confirmed cases (n=4)
in China
-January 17 – April 27,
2020

-Hospitalized kidney
transplant recipients
with
non-severe (n = 21)
and severe (n =19)
COVID-19 in France
-March 4 – April 7, 2020
-71 year old man in
Japan
-February 5 – March 20,
2020
-Hemodialysis patients
(n=7) in Belgium
-March 14 – April 7,
2020

September 10, 2020
days of initial presentation.

RT-PCR

RT-PCR

RT-PCR

RT-PCR

-Hematological patients RT-PCR
concomitant with
COVID‐19 (n=9) in

EMERGING SCIENCES - SUMMARIES

Nasopharyngeal, blood, and stool samples
-The mean time for RNA shedding was 36.5 days with one case
demonstrating shedding up to 68 days post symptom onset.
- Viral clearance was observed along with high level of
neutralizing antibody in three cases.
-In the case of prolonged viral shedding, the authors suggest
that neutralizing antibody in was not high enough to clear the
virus completely.
Nasopharyngeal swabs and plasma sample
-Ten recipients (25%) displayed persistent viral shedding 30
days after symptom onset.

Nasopharyngeal swabs
-Despite becoming asymptomatic after having some mild
symptoms of COVID-19, case had SARS-CoV-2 RNA detected in
saliva specimens for 37 days after onset.
Nasopharyngeal swab
- In four survivors, the nucleic acid conversion time, defined as
the interval from symptom onset to first negative RT-PCR result,
was 34, 37, 37, and 44 days.
-Cycle threshold values, an inverse measure of nucleic acid
concentration, were lowest in the first week of infection and
remained relatively stable thereafter.
Throat swabs
- Positive viral load in 4 survivors lasted longer than 45 days.
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China
-February 1 – March 31,
2020
-Hospitalized patients
with complete data of
peripheral blood
lymphocyte subsets
(n=18) in China
-January 30 – February
21, 2020
-Pediatric cases (n=10)
in China
-January 19 – February
3, 2020

September 10, 2020

(Dong et al.,
2020)

Case series

(Cai et al., 2020)

Case series

(Z. Chen et al.,
2020)

Case series

-Hospitalized children
(n=32) in China
-January 15 – March 15,
2020

RT-PCR

(Park et al.,
2020)

Case series

-Hospitalized patients
(n=6) in South Korea
-February 14 – March
26, 2020

RT-PCR

EMERGING SCIENCES - SUMMARIES

RT-PCR

Respiratory and stool samples
-Cases with viral RNA shedding ≥ 15 days had significantly
decreased lymphocytes, T cell and its subsets compared to
those who remained positive for less than 15 days.

RT-PCR

Nasopharyngeal/throat swab
-Results from all 10 patients were available. The median
infectious period from symptom onset to viral clearance was 12
days (8-15 IQR, 6-22 range).
Fecal swab
-Fecal swabs from 10 patients demonstrated a median
infectious period from symptom onset to viral clearance of 24
days (18-30 range).
Respiratory and fecal samples
-The average durations of viral RNA in respiratory samples and
gastrointestinal samples were 15.8 days (n=25) and 28.9 days
(n=16), respectively.
-Viral RNA shedding duration in faeces significantly decreased
with age: 39.8 days, 27.5 days and 20.4 days in infants and
preschool children, school children, and adolescents
respectively.
Nasopharyngeal/oropharyngeal swabs
-Six patients were analyzed.
-The median duration of SARS-CoV-2 viral detection after
hospitalization was 34 days (22-67 range).
-After resolution of symptoms/signs, SARS-CoV-2 RNA was
detected for a median of 26 days (9-48 range).
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(J. Li et al.,
2020)

Case report

-71 year old woman in
China
-January 27 – April 22,
2020

RT-PCR

(M. C. Yang et
al., 2020)

Case series

RT-PCR

(Y. Hu et al.,
2020)

Case report

-Three generation
family cluster with 6
infected individuals in
Taiwan
-February 9 – April 6,
2020
-70 year old man in
China
-Timeline not reported

(Q. Shen et al.,
2020)

Case series

-Nine pediatric patients
(7 mild & 2
asymptomatic) in China
-January 8 – February
19, 2020

RT-PCR

-77 infector-infectee
pairs in China

Epi data

Epidemiologic studies
(X. He et al.,
Contact tracing
2020)
study

EMERGING SCIENCES - SUMMARIES

RT-PCR

-One patient had persistent detection until day 67 of
hospitalization, which was 30 days after symptom resolution.
-This is the longest duration of respiratory SARS-CoV-2
detection reported to date.
Oropharyngeal swab
-A 71 year old woman experienced viral shedding of SARS-CoV2 RNA for 60 days post symptom onset.
-Viral shedding continued 24 days after complete resolution of
symptoms.
Throat swabs
-Among this cluster, the longest throat swab conversion time
for SARS-CoV-2 RNA was 37 days, and the estimated course of
disease from symptoms to negative throat swab was 59 days.

Nasopharyngeal and eye swabs
-Reported positive detection of SARS-CoV-2 combined with
herpes simplex virus type 1 and human herpesvirus type 6B
virus nucleic acid in tear and conjunctival secretions of a nonconjunctivitis COVID-19 patient with obstruction of common
lacrimal ducts.
-Nasopharyngeal swabs were positive for 22 days but eye
swabs were still continuously positive for 2 weeks after
nasopharyngeal swabs turned negative.
Specimen type not reported
-6 children had a family exposure and could provide exact dates
of close contact with someone confirmed to have COVID-19.

-Viral dynamics reported by the authors (assuming an
incubation period of mean 5.2 days) suggested an infectious
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-December 18, 2019 –
March 5, 2020

period that started 12.3 days days prior to symptoms and
decline quickly within 7 days from onset.
-Authors inferred that infectiousness peaked on or before
symptom onset.
-A total of 198 chains of transmission together with dates of
symptoms onset and 139 dates of infections were identified
among 14,829 confirmed cases.
-A total of 169 cases in the collected data were able to identify
the dates of infection.
-The infectious period had an average of 13.96 days (5.20 SD).
- The overall secondary clinical attack rate was 0.7% with the
attack rate being higher among contacts whose exposure to the
index case started within 5 days of symptom onset than those
who were exposed later.

(You et al.,
2020)

Contact tracing
study & SIR
Model

-169 cases in China
- March 31, 2020 end
date

Epi data

(Cheng et al.,
2020)

Contract tracing
study

-Cases of confirmed
COVID-19 (n=100) and
2761 close contacts in
Taiwan
-January 15 – April 2,
2020

Epi data

-Fifty-two articles
involving 75
mathematical or
statistical models from
China
-December 1, 2019 –
February 21, 2020
-Cumulative reported
COVID-19 infected
cases in Ontario,
Canada
-February 26 – April 21,
2020
-Death cases in the
United Kingdom

Modeled

- The median infectious period was 9.94 days (3.93–13.50 IQR).

Modeled

-Recovery rate parameter estimate of symptomatic infected
individuals was 0.1957 (0.0111 SD).
-By taking the inverse of this estimate an infectious period of
5.11 (SD 0.31) can be inferred.

Modeled

-Calibrated a susceptible-infected-recovered (SIR) model to
data on cumulative reported SARS-CoV-2 associated deaths

Modeling studies
(Lin et al., 2020) Systematic
review of
transmissiondynamic models

(Tang et al.,
2020)

SEAIR model

(Lourenco et al.,
2020)

SIR model

Preprint
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-January 27 – March 16,
2020

from the United Kingdom (UK).
-Median infectious period estimated to be between 3-5 days
(posterior model estimate).
-Applied model-inference framework to the observed outbreak
before the travel restrictions imposed on 23 January 2020 -A
total of 801 documented cases throughout China.
-Median infectious period estimated to be 3.47 days (posterior
estimated from model for documented cases).
-Mean infectious period estimated to be 12.53 days, SD±11.4.
-The parameter was estimated using a Weibull distribution.

(R. Li et al.,
2020)

Mathematical
model

-Documented cases in
China
-January 10 – 23, 2020

Modeled

(Zhu, 2020)

SEIR model

Modeled

(Wan et al.,
2020)

SEIR model

-Confirmed cases in
China
-April 15, 2020 end
date
-Wuhan outbreak in
China
-January 22 – February
12, 2020

(Peirlinck, Linka,
Sahli Costabal,
& Kuhl, 2020)
(Goyal et al.,
2020)

Integrated
global network
and SEIR model
Mathematical
model

-Outbreak in China
-January 21 – April 4,
2020
-Confirmed cases.
Location not specified
-Timeline not reported

Modeled

Modeled

-People with SARS-CoV-2 are usually infectious for fewer that
two days in agreement with peak viral load several days after
infection and that transmission is unlikely below a certain viral
load.

Reviews
(Walsh et al.,
2020)

Systematic
review

Culture & RTPCR

-Conclude there is a relatively consistent trajectory of SARSCoV-2 viral load over the course of COVID-19 from respiratory
tract samples, however the duration of infectivity remains
uncertain.

(Byrne et al.,
2020)

Scoping review
and Meta-

-No restriction on
setting
-Studies published
between December 30
– May 12, 2020
-No restriction on
setting

RT-PCR

-A meta-analysis of 15 estimates approximated a mean time
from symptom onset to 2 negative RT-PCR tests was 13.4 days

Preprint

Preprint

Preprint
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Modeled

-Analyzed the epidemic dynamics and trend of 2019-nCoV in
Wuhan from data collected from the official website of Hubei
Provincial Health Committee.
-The data showed that the infectious time of the infected
person (I) is 14 days.
-A mean infectious period of 17.82±2.95 days was estimated
from model using case data of 30 provinces in China.
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Preprint

analysis

-Studies published
between December 1 –
April 1, 2020.

(Cevik et al.,
2020)

Systematic
review and
Meta-analysis

-No restriction on
setting
-Studies published
between January 1,
2003 - June 6, 2020

Culture & RTPCR

(Santos et al.,
2020)

Systematic
review & metaanalysis

RT-PCR

(Jefferson et al.,
2020)

Systematic
review

-No restriction on
setting
-Based on data
compiled from 36
pediatric cases from
studies published from
January 1 – April 19,
2020
-No restriction on
setting

Preprint

EMERGING SCIENCES - SUMMARIES

RT-PCR

(95%CI: 10.9-15.8), but was shorter when studies included
children or less severe cases (~5.8 days shorter).
-Maximum duration of detection ranged from approximately
20-49 days, with the longest duration associated with fecal
samples.
-A meta-regression approach showed that severe cases tended
to have longer duration of viral RNA shedding (estimated to be
4.0 days longer), but the effect was not significant.
Respiratory swabs
-Mean SARS-CoV-2 RNA shedding duration in upper respiratory
tract (URT), lower respiratory tract (LRT), stool and serum were
17.0, 14.6, 17.2 and 16.6 days, respectively.
-Maximum duration of SARS-CoV-2 RNA shedding reported in
URT, LRT, stool and serum were 83, 59, 35, 42 and 60 days,
respectively.
-Pooled mean duration of SARS-CoV-2 RNA shedding was
positively associated with age (p=0.002), but not gender (p =
0.277).
-Viral load in the URT peaked the first week of illness.
-No study to date had cultured live
virus beyond day nine of illness despite persistently high viral
loads.
-More children had viral shedding in stools after 14 days of
symptoms onset compared to respiratory samples (risk ratio =
3.2, 95% confidence interval 1.2–8.9, I2 = 51%).
-Viral RNA shedding was longer in fecal samples with a mean
difference of approximately 9 days compared with respiratory
samples.

-They identified eight studies that report on the duration of
viral shedding as assessed by PCR for SARS-CoV-2 RNA.
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-Studies published up
to August 18, 2020

(C. L. H. Xu et
al., 2020)

Systematic
review

-No restriction on
setting
-Based on data
compiled from 69
pediatric cases from
studies published up to
May 8, 2020

RT-PCR

Animal studies
(Bartlett et al.,
2020)

Case series

-Two Malayan tigers,
two Amur tigers, and
three lions in the Bronx
zoo, United States
-March, 2020

Culture & RTPCR

(Munster et al.,
2020)

Experimental
challenge trial

-Adult rhesus
macaques inoculated
with SARS-CoV-2 in the
United States
-N/A

Culture & RTPCR

Preprint
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-The minimum duration of RNA shedding detected by PCR was
seven days reported and the maximum duration of shedding
was 35 days after symptom onset. Six out of eight studies
reported RNA shedding for longer than 14 days.
-The duration of viral RNA shedding through the respiratory
tract was up to 24 days from symptom onset with a mean of
11.1 ± 5.8 days.
-The mean duration of viral shedding through the
gastrointestinal tract was 23.6 ± 8.8 days from symptom onset.
-In 89% of cases, viral shedding through the gastrointestinal
tract persisted up to 4 weeks after nasopharyngeal or throat
swabs became negative.
Fecal swabs
- The index case shed viral RNA for 14 days, including 5 days
beyond the cessation of clinical signs.
-In contrast, the asymptomatic tiger shed viral RNA for only 5
days.
-The tiger with the longest duration of viral fecal shedding (24
days) was asymptomatic during this time.
-Fecal shedding was also prolonged in two lions persisting for
more than 30 days.
- Virus was isolated from feces of two animals: 5 days after
clinical signs ceased and the last day of clinical signs.
Bronchoalveolar swab
-Infectious virus was isolated from bronchoalveolar lavage fluid
collected on one and three days post infection in adult rhesus
macaques.
Throat swab
-Viral loads were high in throat swabs following inoculation. In
1 animal throat swabs were positive on 1 and 10 days post
infection but not on any of the sampling dates in between.
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(Gaudreault et
al., 2020)

Preprint

Experimental
challenge trial

September 10, 2020

-Male cats (n=10) in the
United States
-N/A

RT-PCR

Rectal Swab
-One animal showed prolonged shedding of viral RNA in rectal
swabs from 7-17 days post infection but infectious virus could
not be isolated from these swabs.
Nasal swabs
-SARS-CoV-2 RNA was detected in nasal swabs of the principal
infected cats at 1 through 10 days post challenge, with maximal
quantities observed from 1 through 5 days post challenge

RECURRENCE OF VIRAL SHEDDING IN CONVALESCENT PERIOD
Table 4 lists studies that provide evidence of the intermittent recurrence of viral RNA detection in the convalescent (asymptomatic or postsymptomatic) period of COVID-19 infection. Case reports and follow-up studies have reported on the recurrence of viral RNA detection in patients
through post-discharge/recovery quarantine, re-hospitalization, and re-discharge/recovery. To date, only one study has provided evidence of
culturable viral shedding during the recurrence of viral RNA detection (Quicke et al., 2020). No evidence of transmission has been reported.
The majority of discharged patients experiencing a recurrence in RT-PCR RNA positivity did so within seven days following consecutive negative
test results. Following recurrence, patients remained viral RNA positive for approximately 1-8 days and typically remain asymptomatic (Chen et al.,
2020; Lan et al., 2020; McGrath et al., 2020; Quicke et al., 2020; To et al., 2020b; Wong et al., 2020; Wu et al., 2020;Yuan et al., 2020).
Risk factors for recurrence of viral RNA positivity included elevated low-density lipoprotein cholesterol (LDL-C) on admission, the number of
pulmonary lobes with infiltration lesions on imaging, CT imaging abnormalities, productive cough, and chest congestion with dyspnea in the
convalescent phase (Jin et al., 2020; Yan et al., 2020).
It is unclear whether such recurrence in RT-PCR test results is indicative of prolonged intermittent viral RNA shedding or whether recurrence (virus
replication starts again) or reinfection (a new infection occurs) is possible in the convalescent phase. However, recent studies utilizing culture
methods have found that redetections of viral RNA are associated with no, or very low levels of infectious virus (Chang et al., 2020; Kang, 2020;
Korea CDC, 2020; J. Lu et al., 2020; Quicke et al., 2020).

Table 4: Studies evaluating recurrence of viral shedding in the convalescent period of COVID-19 infection (N=55)
Reference

Study Type

-Population & Setting
-Time Period

EMERGING SCIENCES - SUMMARIES

IP determined
via: Culture, RT-

Key Outcomes
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PCR Serial testing,
Epi data, or Model

Culture & RT-PCR studies
(Korea CDC,
Prospective
2020)
cohort

-Re-positive cases
(n=285) in South Korea
-Up to May 15, 2020

Culture & RTPCR

(Chang et al.,
2020)

Prospective
cohort

-Discharged cases (n=64)
in China
-January 28 – April 30,
2020

Culture & RTPCR

(J. Lu et al.,
2020)

Prospective
cohort

-Discharged COVID-19
cases (n=619) in China
-January 23 – February
25, 2020

Culture & RTPCR

(Quicke et al.,
2020)

Longitudinal
surveillance

-454 asymptomatic staff
at 5 skilled nursing

Culture
(Plaque assay)

Preprint
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Specimen type not specified
-Epidemiological investigation and contact investigation was
completed for 285 of 447 re-positive cases.
-No secondary cases among contacts were reported for repositive cases.
-Viral cell culture testing of 108 re-positive cases all had negative
results.
-The cycle threshold values in RT-PCR during re-positive period
was found to be above 30 in 89.5% of cases.
Throat swabs
-As part of the regular follow-up, patients that were discharged
were followed up every week to obtain their throat swabs.
-Four of the patients re-tested positive.
-The throat swabs were sent to test for the presence of a live
pathogen. The swabs were plated on Vero cells to measure
cytopathy and viral replication using qPCR of cell lysates after
infection. They failed to detect any cytopathy or presence of viral
replication in the infected cells.
-Data also showed that patients with persistent viral RNA
presence (>16 days) had more severe disease outcomes.
Respiratory samples
-87/619 discharged cases tested re-positive via RT-PCR.
-Cases re-tested as SARS-CoV-2 viral RNA positive at a mean of
6.7 days (3-10 range) post-discharge.
-77/87 re-positive cases were asymptomatic and ten cases had
unproductive cough.
-No infective viral strain could be obtained by culture and no fulllength viral genomes could be sequenced for re-positive cases.
Nasopharyngeal swabs
-Six individuals had recurrent positive results after 1-2 weeks of
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study

(Kang, 2020)

Literature
review

(J. Zheng,
Zhou, & Chen,
2020)

(B. Yuan, Liu,
& Yang, 2020)

facilities in Colorado,
United States (prevalence
varied considerable
between facilities)
-Timeline not reported
-Patients released from
quarantine (n=8,922) in
South Korea
-April 8 – 29, 2020

& RT-PCR

undetectable viral RNA. After redetection, viral RNA was
detectable for up to one week.
-These redetections of viral RNA were associated with no, or very
low levels of infectious virus.

Culture & RTPCR

Prospective
cohort

-Hospitalized patients
(n=285) in China
-January 20 – March 14,
2020

RT-PCR

Prospective
cohort

-Recovered and isolated
patients that underwent
retesting (n=182) in
China
-Timeline not reported

RT-PCR

-292 (3.3%) of the 8,922 patients released from quarantine
retested positive.
-The largest proportion of re-positive cases were between 20-29
years old (24%).
-It took an average of 13.5 days (1-35 range) to retest positive
after being initially cleared as negative.
-Re-positive cases were asymptomatic or only had minor
symptoms such as cough, sputum, fever, and sore throat.
-Cultivation tests were all negative when researchers tried to
confirm if there was any viable virus in the samples of the repositive cases.
Nasopharyngeal swab
-27 (9.5%) previously discharged patients tested positive for
SARS-CoV-2 in their nasopharyngeal swab. Patients were
readmitted after a median duration of seven days (IQR 5-8) since
initial discharge.
-Age, sex, epidemiological history, clinical symptoms and
underlying diseases were similar between patients that
experiences reoccurrence and those that did not (p>0.05).
-Prolonged duration of viral RNA shedding and higher Ct values
during the first hospital admission were associated with
redetection.
Nasopharyngeal swabs and anal swabs
-Twenty (10.99 %) patients out of the 182 re-tested had positive
results.
-Fourteen were positive via nasopharyngeal swabs and 6 were
positive via anal swabs; none were found positive for both swabs.

Preprint

Preprint

September 10, 2020
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(Abdullah et
al., 2020)

Prospective
cohort

-Discharged cases
(n=138) in Brunei
-Timeline not reported

RT-PCR

(Yan et al.,
2020)

Prospective
cohort

-Discharged hospitalized
cases (n=337) in China
-February 23 – March 14,
2020

RT-PCR

(X. Wei et al.,
2020)

Retrospective
cohort

-Mild to moderate
COVID-19 cases
admitted to shelter
hospitals (n=231) in
China
-February 17 – March 7,
2020

RT-PCR

Preprint
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-More females retested positive than men (13 vs. 7).
-No severe patients retested positive.
-Most cases turned negative again in subsequent test.
Nasopharyngeal and throat swabs
-Out of 138 discharged patients, 27 (19.6%) re-tested positive
after discharge.
-On readmission, six (22.2%) patients had mild symptoms which
resolved without specific treatment.
-Contact tracing carried out after re-testing positive did not detect
any new cases linked to these 27 patients.
- Time from re-positive to negative was 7.0 ± 5.6 days.
Throat swabs
-21/337 (6.2%) COVID-19 patients were SARS-CoV-2 nucleic acid
re-positive, and 4 /337(1.2%) patients were suspected positive.
-The median day interval between the discharge to nucleic acid
re-positivity was 7.5 days (IQR, 6–13), ranging from 6 to 13 days.
-Risk factors of nucleic acid re-positivity included the number of
pulmonary lobes with infiltration lesions (odds ratio[OR], 1.14;
95% CI, 1.09–1.19), the distribution of pulmonary lesions (OR, 0.16;
95% CI, 0.13–0.19), patchy shadowing accompanied with
consolidation in CT imaging (OR, 9.36; 95% CI, 7.84–11.17),
respiratory symptoms of cough accompanied with expectoration
(OR, 1.39; 95% CI, 1.28–1.52), and chest congestion accompanied
by dyspnea (OR, 1.42; 95% CI, 1.28–1.57).
Respiratory swab
-The median time of SARS-CoV-2 RNA negative conversion was
shorter in the asymptomatic group (n=34) than in the
symptomatic group (n=197): 15 days (11.5-17 IQR) vs. 32 days
(23-39 IQR), p<0.05.
-25/221 (11.3%) discharged patients retested positive for SARSCoV-2 nucleic acids. There was no significant difference in the rate
or time of nucleic acid re-positivity between the symptomatic and
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(Miyamae et
al., 2020)

Retrospective
cohort

(Q. Hu et al.,
2020)

Retrospective
cohort

(J. Chen et al.,
2020)

(Y. Zou et al.,
2020)

Preprint

Preprint

September 10, 2020

-Asymptomatic
/mild cases (n=23)
aboard the Diamond
Princess cruise ship
-February 18 – 25, 2020
-Confirmed COVID-19
patients (n=211) in
China, among which
were 181 mild and
moderate cases and 40
severe and critical cases
-January 23 – March 3,
2020

RT-PCR

Retrospective
cohort

-Discharged hospitalized
patients (n=1067) in
China
-February 24 – March 31,
2020

RT-PCR

Retrospective
cohort

-Inpatients with
confirmed COVID-19
(n=257) in China
-January 1 – March 10,
2020

RT-PCR
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RT-PCR

the asymptomatic groups.
Oropharyngeal and nasopharyngeal swab
-The median duration of SARS-CoV-2 viral RNA shedding was 19
days (6-37 range) from initial viral detection.
-Eight cases (35%) had another positive RT-PCR RNA result after
testing negative previously.
Nasopharyngeal swab
-SARS-CoV-2 IgG and IgM antibody concentration and redetectable positive nucleic acid testing was investigated with
antibody testing results of 74 recovered patients within seven
days following discharge.
-Nasopharyngeal swabs revealed positive SARS-CoV-2 RNA in up
to 52.7% of recovered patients after discharge, whose IgG level
showed to be significantly lower than that of patients with
negative RNA results (P = 0.009).
-The protective effect of IgG remains to be investigated.
Throat swab
-Eighty one (7.6%) patients had a repeat positive SARS-CoV-2
RNA result within nine days (3-18 range) following discharge.
-For patients with recurrent RT-PCR positivity, the median
duration from illness onset to onset of complete RNA negative
was33 days (6-82.0 range).
-Time from illness onset to recurrence was 50 days (21-95 range).
Throat swabs
-Among 257 patients, 53 had a recurrence of positive viral RNA
results after have consecutive negative results.
-Recurrently positive RT-PCR test results in patients with three
consecutive negative results (5.4%) were significantly decreased
compared with those in patients with 2 consecutive negative
results (20.6%).
-Patients reported positive RT-PCR test results within 1-12 days
after meeting the discharge criteria.
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(W. Zhao et
al., 2020)

Retrospective
cohort

Children who had been
hospitalized for COVID19 (n=14) in China
-Cases discharged
between January 21 –
April 18, 2020

RT-PCR

(B. M. Liu et
al., 2020)

Retrospective
cohort

RT-PCR

(To et al.,
2020)

Retrospective
cohort

(J. Wu et al.,
2020)

Retrospective
cohort

-71 confirmed cases of
COVID-19 who were
discharged from hospital
in China. All were
hospital employees or
their family members.
-February 6 – March 26,
2020
-1 patient of a cohort of
23 in Hong Kong
-January 22 – February
12, 2020
-Recovered and
discharged COVID-19
patients (n=14) in China
-January 23 – March 30,
2020

(Wong et al.,
2020)

Retrospective
cohort

-Discharged patients
(n=106) in Brunei

RT-PCR

Preprint
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RT-PCR

RT-PCR

Nasopharyngeal swab
-Seven (50%) children experienced reactivation, including 2
children who experienced a second reactivation after discharge.
-Among those who experienced reactivation of SARS-CoV-2 viral
RNA shedding, the median time was 14 days (7-17 range) days
from discharge to the first recurrence of a positive SARS-CoV-2
test result.
Oropharyngeal swabs
-During convalescence, RNA detection results of 35.2% patients
(25/71) turned negative to positive.
-The longest RNA reversed phase time was 7days.

Posterior oropharyngeal swab
-1 patient showed negative viral RNA tests on days 21 and 22
after symptom onset, with rebound of viral positivity on days 23
and 24, followed by 5 days of undetectable viral load.
Nasopharyngeal swab
-Of the 14 patients, six (42.86%) were positive for SARS-CoV-2
RNA after discharge.
-Cases presented with a mild cough, diarrhea, runny nose, but no
fever at readmission.
-The time to RT-PCR positive conversion ranged from 3–15 days
after the first discharge.
-The time to RT-PCR negative conversion ranged from 1-16 days
(average 7.5 days) after readmission.
-No worsening outcomes or active transmission to close contacts
were found for the readmitted contacts.
Nasopharyngeal
-Of 106 patients that had a follow-up swab taken between 11 - 18
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-April 12, 2020 end date

(L. Wang et
al., 2020)

Retrospective
cohort

-Discharged patients
(n=399) in China
-January 19 – March 15,
2020

RT-PCR

(X. Chen, Shui,
Li, & Zhang,
2020)

Retrospective
cohort

-Discharged patients
(n=758) hospitalized in
17 hospitals in China
-February 25 – March 15,
2020

RT-PCR

(H. Cao, Ruan,
Liu, & Liao,
2020)

Retrospective
cohort

-COVID-19 patients
(n=108) in China
-February 10 – April 13,
2020

RT-PCR

(S. Chen et al.,
2020)

Retrospective
cohort

-Discharged patients
(n=1282) in China

RT-PCR

Preprint

Preprint
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days post discharge, 21 (19.8%) were found to be re-positive.
-Only 1 case reported symptoms post-discharge.
-RT-PCR results were negative again in 16 patients within 1-3 days
following readmission.
-These findings suggest that reinfection is not plausible, but rather
prolonged intermittent viral RNA shedding is more likely.
-The highest re-positive rate was observed in patients aged 53
and above (38.5%), followed by those with moderate to critical
conditions (33.3%) and lopinavir/ritonavir treatment (30.3%).
Respiratory and anal swabs
-35patients (8.8%) showed recurrent positive RT-PCR test results
following discharge.
-The median interval from the first negative RT-PCR to the
recurrent positive RT-PCR was 10 days (7–16 IQR).
Throat swab
-59 patients (7.78%) had recurrent positive RT-PCR test results
following discharge.
-Time from onset of symptoms to last time of positive results of
RT-PCR ranged from 14 to 61 days.
-The time from quarantine (discharge) to last time of positive
results ranged from 1 to 19 days.
Nasal and throat swabs
-8 cases were readmission patients because their PCR test results
were positive again following discharge.
-On their second admission all cases were symptom free and had
normal chest CT.
-Two patients were subsequently discharged while six were still
hospitalized at time of writing as they had not yet cleared virus.
The course of two patients had persisted more than 90 days since
first symptom onset.
Nasopharyngeal and anal swabs
-Of 1,282 discharged patients enrolled in this study, 155(12.1%)
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-January 14 – March 10,
2020

(Su et al.,
2020)

Retrospective
cohort

-Discharged patients
(n=938) in China
-January 18 – May 11,
2020

RT-PCR

(L. Chen et al.,
2020)

Retrospective
cohort

-Confirmed cases (n=15)
in China
-February 10 – March 31,
2020

RT-PCR
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tested positive for SARS-CoV-2 RNA during 14 days’ follow-up.
-The median time of recurrence of SARS-CoV-2 RNA was 7 days
(IQR4-9).
-Compared to negative group, the patients from re-positive group
were a younger and had a higher proportion of moderate cases.
-None of the re-positive patients showed symptoms or blood
abnormalities during the second admission to hospital.
-The median time of all re-positive patients turned viral RNA
negative was 8.0 days (IQR4-14). -None of close contacts (n=202)
derived from re-positive patients (n=67) developed to COVID-19
patients.
Nasal and pharyngeal swab
- Of 938 discharged patients, a total of 58 (6.2%) had reappeared
positive nucleic acid test results.
-Factors associated with re-positive results were coronary artery
disease and hypertension.
Nasopharyngeal swab
-Reviewed the data of 15 recurrent-positive patients and 107
control patients with non-recurrent, moderate COVID-19.
- The rate of recurrent-positive disease in the hospital was 1.87%.
Recurrent-positive patients were significantly younger than
control patients, 43 years (35-54 range) vs. 60 years (43-69)
P=0.011.
-The length of stay in hospital before recurrence was significantly
longer in recurrent-positive patients than in control patients, 36
days (34-45 range) vs 15 days (7-20 range) p=0.001.
-The time required for the first conversion of RT-PCR results from
positive to negative was significantly longer in recurrent-positive
patients than in control patients, 14 days (10-17 range) vs 6 days
(3-9 range) p=0.011.
-Serum COVID-19 antibody levels were significantly lower in
recurrent-positive patients than in control patients.
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(Mei et al.,
2020)

Retrospective
cohort

-Convalescent cases
(n=651) in China
-January 11 – April 4,
2020

RT-PCR

(C. Liu et al.,
2020)

Retrospective
cohort

RT-PCR

(Qiao et al.,
2020)

Retrospective
cohort

-Discharged cases (n=51)
in China
-January 23 – March 28,
2020
-Confirmed
severe/critical cases
(n=15) in China
-January – March, 2020

(Jin et al.,
2020)

Retrospective
cohort

-Hospitalized adult
COVID-19 patients
(n=133) in China
-February – April 30,
2020

RT-PCR

(Habibzadeh
et al., 2020)

Retrospective
cohort

-Patients (n=35)
intending to donate

RT-PCR

Preprint
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RT-PCR

Nasopharyngeal and oropharyngeal swabs
-During follow-up, 23 (3%) of 651 patients tested positive on a
retest for SARS-CoV-2 by RT-qPCR.
-In this retest-positive group, 12 patients (52%) had moderate,
nine (39%) severe, and two (9%) critical conditions during their
previous hospitalisation.
-The median duration from hospital discharge to a positive retest
was 15·0 days (range 4–38, IQR 11·0–16·5; appendix).
-Among this retest-positive group, 15 patients (65%) were
asymptomatic at the time of the retest whereas eight (35%) had at
least one symptom associated with active COVID-19.
Oropharyngeal swabs
-17.6% discharged patients, in which only 33.3% patients
complained clinical symptoms.
Respiratory samples
-Most patients showed no clinical symptoms and negative nucleic
acid tests during follow-up after discharge.
-One patient had an itchy throat, her CT scan showed a light
density shadow in the right lower lobe of the lung, and the nucleic
acid was re-positive.
Oropharyngeal swab
-32.4% of patients were positive for SARS-CoV-2 RNA after initial
discharge. The mean recurrence time from the first discharge was
18.22 days. Following readmission, the mean length of stay was
14.2 days.
-Univariable and multivariable Cox regression showed that the
low-density lipoprotein cholesterol (LDL-C) dyslipidemia on
admission was associated with the recurrence of COVID-19 during
the follow-up period.
Nasopharyngeal swab
- Reverse transcription polymerase chain reaction test was positive
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plasma in Iran
-March, 2020

(Bongiovanni
et al., 2020)

Retrospective
cohort

-Recovered patients
(n=1146) in Italy
-March 9 – June 30, 2020

RT-PCR

(Y. Li et al.,
2020b)

Retrospective
cohort

RT-PCR

(Peng et al.,
2020)

Retrospective
cohort

-Nasal swabs (n=484)
from patients with
COVID-19 in China
-January – April, 2020
-Hospitalized patients
(n=79) in China
-January – May, 2020

(Hao et al.,
2020)

Case-control
study

-Patients with confirmed
COVID-19 (n=104), with
short and long viral
shedding times (cases &
controls) in China

RT-PCR

Preprint
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RT-PCR

in 9 (5 male, 4 female) of 13 recovered patients - a positive rate of
almost 70%.
- The second RT-PCR test was found positive in these patients
after a median of 29 (range 22 to 54) days after initiation of their
symptoms/illness and 18 (range 15 to 48) days after complete
resolution of their symptoms.
Nasopharyngeal swab
-125 (10.9%) had a recurrence of COVID-19 infection.
- The mean time to clinical recovery and two negative
nasopharyngeal swabs was 27.7 days (95% CI 11-51); after that,
the mean time to recurrence was 19.9 days (3-43, 95%CI).
- After a mean time of 14.8 days (95% CI 6-36), 102 subjects
(81.6%) had two additional negative nasopharyngeal swabs and
were considered clinically recovered for the second time.
-During follow-up, 11 patients (8.8%) died. Patients who died were
older than others (mean age 86.4 years, 95% CI 77-92) and 8 of
them (72.7%) had clinical symptoms at the time of recurrence (4
fever and 4 respiratory failure).
Nasal swabs
-Serum levels of lipoprotein-associated phospholipase A2 were
significantly higher in re-positive COVID-19 cases compared to
healthy controls and hospitalized COVID-19 patients.
Oropharyngeal swab
-The median duration of positive nucleic acid test (NAT) results for
SARS-CoV-2 was 16.5 (12.0-22.0, IQR) days.
-Two weeks after discharge, 5.6% survivors experienced a
recurrence of the positive nucleic acid test results.
Respiratory swabs
-Median viral shedding time from confirmed diagnosis to ≥2
consecutive negative RT-PCR results was 11 days (1-39 range).
-Recurrent positive RT-PCR results in respiratory specimens after
≥2 consecutive negative results were observed in 24 patients. The
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-January 19 – March 3,
2020

(S. Cao et al.,
2020)

Citywide
screening
program

(McGrath et
al., 2020)

Case series

(D. Chen et al.,
2020)

(H. Zheng,
Tan, Ma, &
Meng, 2020)

Preprint

-9,899,828 persons in
China
-January 23 – April 8,
2020
-4 cases of COVID-19 in
healthcare workers in
Ireland
-March – April, 2020

RT-PCR

Case report

-46 year old woman in
China
-January 17 – February 9,
2020

RT-PCR

Case report

-37 year old woman in
China
-January 12 – March 10,
2020

RT-PCR

Preprint

Preprint
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RT-PCR

probabilities of positive RT-PCR results in the next test after 1 or 2
consecutive negative results were 30.5% and 16.4%, respectively.
With an increase from 2 to 3 consecutive negative results, the rate
of recurrent positive RT-PCR RNA results decreased sharply to
4.8%.
-A series of ≥3 consecutive negative results was deemed suitable
by authors as a criterion for the end of viral RNA shedding.
Nasopharyngeal and pharyngeal swab
- 107 of 34,424 previously recovered patients with a history of
COVID-19 diagnosis were re-positive (relapse rate, 0.31%).
Nasopharyngeal and oropharyngeal swabs
-All three cases completed 14 day periods of self-isolation with
full resolution of symptoms.
-Each had distinct episodes of recurrent symptoms following
initial resolution and had persistently positive SARS-CoV-2 PCR
results, ranging up to 60 days post onset of illness.
Oropharyngeal swab
-Reports a confirmed case of COVID-19 whose oropharyngeal
swab test of SARS-CoV-2 RNA turned positive in convalescence.
-Case developed symptoms on January 17 2020 and on January
24 2020 tested positive for SARS-CoV-2 RNA.
-Viral RNA tests were negative on January 28 2020 and January 30
2020, but became positive again on February 2 2020. She was
later discharged on February 9 2020.
Oropharyngeal swab
-RT-PCR test results were positive during the first menstrual
period before admission (February 2 2020).
-Case was hospitalized on February 4 2020.
-RT-PCR test results turned negative during hospitalization (ten
and 12 days after admission) then turned positive again during
the second menstrual period (February 24 & 25 2020), which
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(Lan et al.,
2020)

Case series

-One hospitalized patient
and 3 patients (all
medical personnel)
quarantined at home
with COVID-19 in China
-January 1 – February 15,
2020

RT-PCR

(J. Yuan et al.,
2020)

Case series

-Discharged patients
with COVID-19 recovery
(n=25) in China
-January 23 – February
21, 2020

RT-PCR

(Z. Zhang et
al., 2020)

Case series

-56 COVID-19 patients
with symptoms at
admission (33 later
displayed symptoms)
and 19 age-matched
symptomatic patients in
China
-January 23 – April 1,
2020

RT-PCR
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occurred after hospital discharge.
-The RT-PCR test on March 10 2020 was negative.
-Authors suggest sex hormones may play an important role in
SARS-CoV-2 infection.
Throat swab
-Patients were evaluated with real-time reverse transcriptase–
polymerase chain reaction (RT-PCR) tests for COVID-19 nucleic
acid to determine if they could return to work.
-After discharge or discontinuation of quarantine, the patients
were asked to continue the quarantine protocol at home for 5
days.
-RT-PCR tests were positive 5-13 days later. Patients had three
repeat tests performed over the following 4-5 days and all were
positive despite all cases being asymptomatic.
Respiratory swabs
-All cases had previously tested negative on 2 consecutive RT-PCR
tests but were re-hospitalized due to the recurrence of viral RNA.
-Patients presented with recurring RNA within 3.0 (2-7 range) days
after hospital discharge. The median time from their last negative
result to turning positive was 6.0 (4-10 range) days.
-All patients were asymptomatic at time of recurrence.
-Cases were treated with Chinese herbal medicine and within a
few days were all negative for viral RNA.
Respiratory and anal swab
-Among 56 patients without symptoms at admission, 23 remained
asymptomatic throughout the follow-up period.
-For asymptomatic cases viral RNA reappeared after discharge (Ct
value >40) in nasopharyngeal and anal samples 54 and 42 days,
respectively, post initial admission.
-For pre-symptomatic cases viral RNA reappeared 81 and 40 days
post initial admission and in symptomatic cases reappeared 62
and 42 days post initial admission.
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(Peng, Wang,
Zhang, & Lu,
2020)

Case series

-Seven discharged
patients in China
-January 22 – March 8,
2020

RT-PCR

(Loconsole et
al., 2020)

Case report

-46 year old woman in
China
-January 17 – February
17, 2020

RT-PCR

(Pan et al.,
2020)

Case series

-Confirmed cases (n=64)
in China
-January 23 – March 31,
2020

RT-PCR

(J. Huang &
Zheng et al.,
2020)

Case series

-Patients (n=414) in
China
-January 11 – April 23,
2020

RT-PCR

(Martinez
Alonso, Fábio
de O. et al.,
2020)

Case report

-26 year old man in Brazil RT-PCR
-April 21 – June 18, 2020

Preprint

Preprint

Preprint
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Throat and anal swabs
-7 cases retested positive for SARS-CoV-2 following discharge.
-All 7 patients had shorter hospital stays, lower medical costs, and
milder symptoms in their second hospital visit compared to their
first hospitalization.
Oropharyngeal swab
-Patient had consecutively negative test results on day 12 and 14
following symptom onset.
-A recurrence of viral positivity occurred 17 days following
symptom onset.
-Test results were negative again on days 20, 22, and 32.
-Patient was not symptomatic at time of recurrence.
Stool and pharyngeal swab
-There were 64 confirmed patients and 17 patients present repositive testing after discharge.
-The interval between first negative test and first time of repositive test was 11.82 days (±3.42).
Nasopharyngeal swabs
-16.7% of recovered patients had re-positive PCR results one to
three times, despite being in strict quarantine.
-Younger patients with mild pulmonary respiratory syndrome had
higher risk of PCR positivity recurrence.
Oropharynx and nasopharynx swabs
-On April 21, 2020 the man experienced a headache with no
respiratory symptoms. Two days later he tested positive by RTPCR.
-On May 5, 2020 viral RNA was no longer detected.
-One month later, the symptoms returned more acutely and
included fever, cough, headache, myalgia, arthralgia, anosmia and
fatigue, and lasted for almost two weeks.
-SARS-CoV-2 RNA detection reversed to positive June 8, 2020.
-On June 22, 2020, IgA/IgM and IgG antibodies were detected in
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(Tian et al.,
2020)

Case series

-Convalescent cases
(n=20) in China
-May 22, 2020 end date

RT-PCR

(Dou et al.,
2020)

Case report

-34 year old man with a
history of type 2 diabetes
in China
-January 27 – April 13,
2020

RT-PCR

(F. Liu et al.,
2020)

Case report

-35 year old man in
China
-January 30, 2020
onward

RT-PCR

(F. He et al.,
2020)

Case report

-39 year old woman with
systemic lupus
erythematosus in China
-January 21 – April 11,
2020

RT-PCR

(GonzálezCalvo, BoresGarcía, BarbaMartín, &
Gallego-Lema,
2020)
(Alonso et al.,
2020)

Case report

-64 year wold woman in
Iran
-February 16 – March 22,
2020

RT-PCR

Case report

-26 year old man in Brazil RT-PCR
-April 21 – June 29, 2020
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Oropharyngeal swab
-Of 147 patients, 20 convalescent cases (13.6%) tested re-positive
for viral RNA in respiratory specimens 7 to 47 days after discharge.
-All cases remained asymptomatic.
Oropharyngeal swab
- The patient had a recurrence of positive SARS-CoV-2 ribonucleic
acid (RNA) after recovering.
- Despite this, he displayed no obvious clinical symptoms and
improved chest CT.
- Members of his family and other close contacts did not
experience any symptoms.
Nasopharyngeal swabs
- Case tested re-positive to viral RNA even after apparent recovery
(normal CT imaging, no clinical symptoms, negative SARS-CoV-2
on stool sample and negative serum IgM test) from COVID-19.
-Viral shedding duration lasted for 65 days and the time from
symptom onset to disappearance was up to 95 days.
Throat swab
-On the 8th day of her home isolation (March 5), she reappeared
symptoms of dry cough, arthralgia, and headache without fever.
-On March 7, her symptoms were relieved. And the retests of
SARS-CoV-2 viral RNA for 3 consecutive days were all negative
from Mar 7 to Mar 9, and on follow up until April 11.
Nasopharyngeal swab
-After a few weeks, relapse occurred, as indicated by symptoms of
acute meningoencephalitis. Results of COVID-19 RT-PCR testing
from her cerebrospinal fluid, nasopharyngeal and tracheal
aspiration specimens became positive again, but COVID-19 serum
antibodies were negative.
Respiratory swab
-Having a mild infection, the patient remained in isolation for 14
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(Duggan et al., Case report
2020)

-82 year old male with a
history of advanced
Parkinson's disease,
insulin-dependent
diabetes, chronic kidney
disease, and
hypertension in the
United States
-April – May, 2020

RT-PCR

(Ye et al.,
2020)

-72 year old female in
China
-January 30, 2020
onward

RT-PCR

Case report

EMERGING SCIENCES - SUMMARIES

days at home, recovering after 3 days of symptoms onset.
-On 6 June (a month later), symptoms returned more acutely and
included fever, cough, headache, myalgia, arthralgia, anosmia, and
fatigue, and lasted for 2 weeks. SARS‐CoV‐2 RNA detection
reversed to positive on June 8 and remained positive in another
testing on 16 June, although SARS‐CoV‐2 antibodies remained
negative.
-On June 22, IgA/IgM and IgG antibodies were detected in serum
and only N gene was detected by RT‐qPCR and finally, on 29 June,
no viral genes were further detected.
-Absence of detectable antibodies in the first episode may have
allowed for a new infection, rather than a recurrence. However, as
the authors did not investigate viral genetics at different times,
such a statement is hypothetical.
Specimen type not reported
-Case presented to the emergency department (ED) in early April
with one week of fever and shortness of breath.
-In early May 2020 two subsequent RT-PCRs for SARS-CoV-2 were
negative and he was discharged.
- Ten days post-discharge (48 days after first presentation), he represented to the emergency department with fever and hypoxia
and a positive RT-PCR result.
- RT-PCR for SARS-CoV-2 on hospital days 11 and 12 which both
resulted as negative.
Nasopharyngeal swab
- The case was admitted to hospital isolation after being infected
with COVID-19 as part of a family cluster on January 30, 2020.
-The patient recovered and was discharged on February 19.
- Because of a low humoral immune response, the chronic
lymphocytic leukemia patient could not effectively clear the SARSCov-2 infection and suffered from recurrence twice during the 69day follow-up.
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-72 year old man with
end stage renal disease
in Italy
-March, 2020

RT-PCR

Nasal/oropharyngeal swab
-After 41 days from the primary infection, the clinically recovered
patient experienced symptomatic reactivation of SARS‐COV‐2
infection with immunoglobulin M seroconversion.
- He was discharged home on day seven from re-admission with a
negative PCR result on the oropharyngeal/nasal swab.

REINFECTION
Table 5 lists studies that provide evidence of reinfection with COVID-19.
Since August 25, 2020, evidence that reinfection can occur has been published. Epidemiological, clinical, serological and genomic analyses provide
good evidence of reinfection in a patient from Hong Kong 142 days after initial infection (To, Hung, et al., 2020). There is also strong evidence for a
case of re-infection in the United States (Tillet et al., 2020). Additional research is needed to understand the role of immunity in protection against
SARS-CoV-2 post initial acute infection, the clinical and epidemiological characteristics of reinfection, and whether recurrent cases can be
infectious and the likelihood that they may experience clinical disease.

Table 5: Studies evaluating reinfection with COVID-19 (N=2)
Reference

Study Type

-Population &
Setting
-Time Period

IP determined
via: Culture, RT-PCR

Key Outcomes

Serial testing, Epi data,
or Model

(To, Hung, et
al., 2020)

Case report

-33 year old
male in Hong
Kong
-March –
August, 2020

RT-PCR & Whole
Genome
Sequencing

(Tillet et al.,
2020)

Case report

-25 year old
case in

RT-PCR & Whole
Genome
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Respiratory samples
-Immunocompetent case tested re-positive for SARS-CoV-2 viral RNA 142
days after the first symptomatic episode.
-While re-positive, there was serological evidence of elevated C-reactive
protein and SARS-CoV-2 IgG seroconversion.
-Viral genomes from first and second episodes belonged to different
clades/lineages, confirming reinfection. Epidemiological data, including a
recent trip from Spain, supports the virological results.
Nasopharyngeal swabs
-Case was positive for the 1st time in mid-April 2020, and after recovering
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returned ill at the end of May, 2020.
-Nucleic acid sequence analysis showed that the viruses associated with
each instance of infection were found to possess a degree of genetic
discordance.
-The case may have been re-exposed to the virus by an infected parent.
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Methods:
A daily scan of the literature (published and pre-published) is conducted by the Emerging Science Group,
PHAC. The scan has compiled COVID-19 literature since the beginning of the outbreak and is updated daily.
Searches to retrieve relevant COVID-19 literature searches are conducted in Pubmed, Scopus, BioRxiv,
MedRxiv, ArXiv, SSRN, Research Square and cross-referenced with the literature on the WHO COVID literature
list, and COVID-19 information centers run by Lancet, BMJ, Elsevier and Wiley. The cumulative scan results are
maintained in a Refworks database and an excel list that can be searched. The full text of every study that
was tagged as Epidemiology, Clinical Data, or Modeling foci by the emerging sciences group were scanned
for information relating to the infectious period of COVID-19. Article titles and summaries were scanned for
mention of the following key words: “Shedding”, “Viral dynamics”, “Viral clearance”, “Viable”, “Culture”,
“Infectivity”, “SARS-CoV-2 detection”, “Infectious Period”, “Communicability period”, “Recurrence”, and “Repositive”. This review contains key research articles published up to August 31, 2020. Each potentially relevant
reference was examined to confirm it had relevant data and key relevant data was extracted into the review.
Prepared by: Kaitlin Young. Emerging Science Group, PHAC. phac.emergingsciencesecretariatsecretariatdessciencesemergentes.aspc@canada.ca
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