S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Infection, Disease & Health (2020) 25, 210—-215

Available online at www.sciencedirect.com IO DISEASE

ScienceDirect

journal homepage: http://www.journals.elsevier.com/infection-
disease-and-health/

Discussion paper

SARS-CoV-2: The viral shedding vs infectivity
dilemma

Arabella Widders #*, Alex Broom °, Jennifer Broom ¢

@ Department of Medicine, Sunshine Coast Hospital and Health Service, Birtinya, 4575, Queensland, Australia
b School of Social and Political Sciences, The University of Sydney, Sydney, 2006, New South Wales, Australia
¢ Sunshine Coast Health Institute, Birtinya, 4575, Queensland, Australia

94 School of Medicine, The University of Queensland, Brisbane, 4072, Queensland, Australia

Received 29 April 2020; received in revised form 13 May 2020; accepted 13 May 2020
Available online 20 May 2020

KEYWORDS Abstract Since December 2019, severe acute respiratory syndrome coronavirus 2 (SARS-
SARS-CoOV-2; CoV-2) has infected over four million people worldwide. There are multiple reports of pro-
COVID-19; longed viral shedding in people infected with SARS-CoV-2 but the presence of viral RNA on a
Virus shedding; test does not necessarily correlate with infectivity. The duration of quarantine required after
Public health; clinical recovery to definitively prevent transmission is therefore uncertain. In addition,
Transmission asymptomatic and presymptomatic transmission may occur, and infectivity may be highest

early after onset of symptoms, meaning that contact tracing, isolation of exposed individuals
and social distancing are essential public health measures to prevent further spread. This
review aimed to summarise the evidence around viral shedding vs infectivity of SARS-CoV-2.
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Highlights

e Viral shedding has been demonstrated up to 63 days after symptom onset.

e The distinction between viral shedding and infectivity is important for the development of
quarantine guidelines and policy.

e There is an earlier peak in viral load in SARS-CoV-2 than seen in SARS.

e Quantitative viral loads are higher in the nose than the throat.

e It is likely that asymptomatic and presymptomatic transmission is occurring.
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Introduction

A novel coronavirus emerged in Wuhan, China in December
2019. Since then it has rapidly spread through China and
around the world, infecting 4,262,799 people globally and
resulting in 291,981 deaths as of May 13, 2020 [1]. This new
virus was named SARS-CoV-2 due to its similarity with the
virus that caused the SARS outbreak, including a similar
receptor binding domain suggesting the ACE2 receptor as a
possible target [2]. The disease resulting from infection
with SARS-CoV-2 was declared a pandemic by the WHO on
March 11, 2020 [3]. Transmission is thought to occur pri-
marily through droplet and contact spread, however there
is some concern for airborne transmission especially in the
case of aerosolising procedures in health care settings. At
time of writing there is no known antiviral treatment or
vaccine for SARS-CoV-2 with treatment being only sup-
portive. Vaccines are in development however they are
likely many months away and therefore reducing commu-
nity transmission is the most effective prevention.

The duration of viral shedding around a period of
infection is often considered in determining an appropriate
period of isolation as it is often used as a marker of infec-
tivity. Guidelines for duration of quarantine are often
developed to reflect this. However, interpretation of the
infectivity of a person based on a positive PCR test can be
inaccurate. As of March 21, 2020, Australian guidelines no
longer require clearance swabs for people with mild illness
not requiring hospital admission or those with severe illness
who have been discharged home. These patients may now
be released from home isolation if:

- At least 10 days have passed since symptom onset (mild
cases only) OR at least 10 days since hospital discharge
(severe cases); AND

- There has been resolution of symptoms for at least 72 h.

A number of other countries allow home isolation to
cease 7 days after symptom onset rather than 10 days.
Health and aged care workers in Australia still require 2
negative PCR swabs 24 h apart at least 7 days after symp-
tom onset and 48 and 24 h after fever and symptom
resolution respectively to receive clearance [4].

In the following review, the current evidence for viral
shedding and infectivity of SARS-CoV-2 is explored.

Viral shedding of SARS-CoV-2

Respiratory shedding

Viral shedding (as detected by SARS-CoV-2 viral PCR testing)
from respiratory tract specimens has been found to persist
for up to 63 days after symptom onset and appears to
outlast symptom resolution [5—10]. Median duration of
shedding has been reported to be from 12 to 20 days
[6,8,11], however a new paper published ahead of print
studied 41 severe cases and found the median duration of
viral shedding was 31 days [12].

A number of papers demonstrate prolonged viral shed-
ding in severe illness. Liu et al. [13] investigated serial
nasopharyngeal swabs from 21 confirmed cases and found
90% of mild cases had cleared the virus at 10 days after

symptom onset whereas all severe cases had ongoing viral
shedding. Severe cases were also associated with higher
viral loads. Zheng et al. also found prolonged viral shedding
in respiratory specimens in severe cases compared to mild
cases in a 96 patient retrospective cohort study [11]. In
contrast, To et al. found 7 of 21 patients had detectable
viral load more than 20 days after symptom onset with no
correlation between severity of illness and prolonged viral
shedding [7].

The peak viral load in upper respiratory tract (URT)
swabs appears to occur on day 4—6 after symptom
onset whereas the quantitative viral load in lower res-
piratory tract samples may peak later [5,7,11,14]. It has
been hypothesised that later peaks may correlate with
more severe cases, and this is supported in the recent
cohort study by Zheng et al. [11]. Higher viral loads
have been demonstrated in swabs taken from the nose
compared to the throat in most studies testing both
sites [5,15,16].

Gastrointestinal shedding and detection in other clinical
samples

Multiple studies have demonstrated the presence of SARS-
CoV-2 RNA in the stool in a significant proportion of pa-
tients, however usually at lower levels than the respiratory
tract. The peak viral load occurs later than in the respira-
tory tract and prolonged viral shedding has been found in
the stool up to 33 days after negative respiratory PCRs even
in the absence of gastrointestinal symptoms and with no
correlation to disease severity [17]. Live virus has been
isolated from faecal samples with a positive PCR result,
however it is not consistently cultured and only small
studies have been conducted [5,15]. ACE2 receptor is
abundantly expressed in the gastrointestinal tract which
may account for the presence of virus in the stool however
it is also expressed in the kidney and there is minimal evi-
dence of SARS-CoV-2 in urine to date [5,6,14,15,18,19].
Evidence of SARS-CoV-2 RNA in serum has been demon-
strated in some studies however the proportion of positive
samples is generally low [5,6,15,20].

Given the viability of virus cultured from stool samples,
the possibility of faecal-oral transmission of SARS-CoV-2
cannot be excluded. It was hypothesised that during the
SARS outbreak the virus may have been spread by aerosols
or droplets originating in faecal matter in sewerage pipes so
this could also be a potential risk with SARS-CoV-2 [21]. As
well as suggesting a potential route of transmission, the
presence of SARS-CoV-2 RNA in the stool may mean that
wastewater can be used as a surveillance method for
community spread. SARS-CoV-2 RNA has been found in
sewage in Australia, the Netherlands and the USA [22].

Viral shedding in immunosuppressed patients

The experience in other respiratory viruses including SARS,
MERS and influenza is that immunosuppression and other
significant comorbidities such as diabetes mellitus result in
prolonged viral shedding [23—25]. To date there has been
only one study examining viral shedding in immunosup-
pressed patients infected with SARS-CoV-2. This paper
studied 10 immunosuppressed renal transplant patients and
found significantly prolonged viral shedding (mean 28.4)
compared to controls (12.2 days) [9].
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There is also some evidence that patients treated with a
prolonged course of glucocorticoids during their illness have
a longer duration of detectable virus however this may be
related to the severity of the illness itself and requires
further investigation [11,12].

Asymptomatic and presymptomatic transmission

The proportion of cases that are asymptomatic is unclear.
Reported values range from 1% to 78% and, in general,
asymptomatic cases are likely under-reported [26—29]. In
addition, it is unclear what proportion of cases are truly
asymptomatic (meaning they never developed symptoms) as
opposed to those that are merely presymptomatic (meaning
they had no symptoms at the time of the positive SARS-CoV-2
PCR but they did go on to develop symptoms at a later point).
Arons et al. found that of 48 patients, 50% of patients from
an aged care facility with positive PCR for SARS-CoV-2 were
presymptomatic and 6% permanently asymptomatic [30].
Further evidence is needed in other age groups, especially
younger groups, who are more likely to have mild disease.

There are multiple case reports supporting transmission
by asymptomatic and presymptomatic patients. Rothe
et al. [31] reported on suspected asymptomatic trans-
mission from a visiting Chinese national to a German pa-
tient who later tested positive for SARS-CoV-2. It was
subsequently reported the Chinese patient may have been
febrile and taken antipyretics around time of contact,
however 2 further cases were traced back to contact with
the German patient during the presymptomatic period. Bai
et al. [32] reported on a presumed asymptomatic carrier
transmission from a Wuhan resident to a family cluster in
another Chinese city. The index patient remained asymp-
tomatic and was isolated after symptom onset in her rela-
tives however did not return a positive PCR result until Day
19 after leaving Wuhan, which is longer than the widely
reported incubation period of less than 14 days. Another
familial cluster of 4 patients were positive for COVID-19 in
Shanghai, in which the first patient to show symptoms was
essentially house-bound and exposed only to family mem-
bers from Wuhan, all of whom developed symptoms at least
a day after the onset of his illness [33]. A separate case
report outlines two familial clusters with the only known
exposure to confirmed SARS-CoV-2 a contact who went on
to develop symptoms 24—48 h later [34].

Laboratory evidence also supports the possibility of
asymptomatic and presymptomatic transmission. Pan et al.
[14] demonstrated positive nasopharyngeal swabs for SARS-
CoV-2 a day prior to symptom onset in 2 patients under
active surveillance due to known exposure. Zou et al. [16]
detected similar viral loads in nasal and throat swabs from a
permanently asymptomatic patient compared to 17 symp-
tomatic cases and in a study by Arons et al. [30], in which
residents of an aged care facility in Washington, USA were
screened for COVID-19, more than half of the SARS-CoV-2
positive patients (56%, n = 48) were asymptomatic at the
time of their positive PCR test although, as highlighted
above, only 6% remained truly asymptomatic. Notably He
et al. [35] studied 77 infector-infectee transmission pairs
and estimated that 44% of secondary cases were infected
during the presymptomatic period of the primary cases.

The possibility of asymptomatic and presymptomatic
transmission creates many challenges in regard to infection
control. Further data are needed to more accurately
estimate the proportion of truly asymptomatic cases and
the risk of transmission, and therefore guide more effective
policies. While social distancing and quarantining of
confirmed contacts will likely reduce presymptomatic and
asymptomatic transmission, accurately identifying and
isolating these cases may be necessary to further reduce
spread. Both contact tracing and extensive testing are
strategies currently employed to identify possible cases
however in Australia, as one example, widespread PCR
testing of asymptomatic contacts or the community in
general is not currently recommended. The performance
and value of PCR testing in asymptomatic people is the
subject of ongoing intensive discussion.

Diagnostic testing and infectivity

While there is evidence in SARS-CoV-2 infection for viral
shedding both in asymptomatic patients and ongoing in
patients after symptom resolution, the correlation between
detectable viral RNA and transmissibility is still unclear.
A positive RT-PCR result does not necessarily represent
potential for viral transmission as this mode of testing
cannot distinguish between infective virus and inactive
virus and amount of viral RNA detected does not necessarily
indicate greater infectivity.

Current evidence for SARS-CoV-2 suggests viral loads in
URT swabs and sputum may peak earlier in the course of
COVID-19 than is observed in SARS, where peak was around
day 10 [16]. The early peak suggests transmission is likely to
occur early in the disease course when the patient may be
asymptomatic or only have mild symptoms. A pre-print
study supports this hypothesis with the finding of a higher
rate of infection in people exposed to index patients within
5 days of symptom onset than those exposed after this time
[36]. In addition, a recently published study by He et al.
[35] used clinical and epidemiological data to estimate that
patients infected with SARS-CoV-2 may be infectious from
2.3 days prior to symptom onset, with a peak at 0.7 days
prior. Together these findings suggest that containment
methods successful in prevention of SARS transmission (i.e.
isolating newly diagnosed cases) are unlikely to be effective
in preventing spread of SARS-CoV-2. It highlights the
importance of contact tracing, including at least the 48 h
prior to symptom onset, and of social distancing in pre-
venting further spread.

Wolfel etal. [5] demonstrated that live virus can be cultured
from nasal/throat and sputum samples in patients with positive
SARS-CoV-2 PCR, however, no live virus was successfully iso-
lated after Day 8 from symptom onset despite ongoing high
viral loads. Additionally, virus could not be isolated from
samples with less than 10° copies/mL. A group from Taiwan
were able to isolate SARS-CoV-2 from cultures of sputum
samples in one patient up to 18 days post-symptom onset.
Interestingly, the only symptom reported in this patient was
fever, which resolved Day 9 after symptom onset [10].

Arons et al. [30] were able to isolate viable virus from
nasopharyngeal and oropharyngeal swabs in 31 of 46 pa-
tients with positive SARS-CoV-2 PCR in total with positive
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cultures up to 9 days after symptom onset. There was no
significant difference in viral load between symptomatic,
presymptomatic and asymptomatic cases and positive
cultures were obtained from 13 of 20 symptomatic pa-
tients, 17 of 24 presymptomatic patients and in 1 of 3 pa-
tients who remained asymptomatic over the seven-day
period after initial diagnosis.

A further consideration in the understanding of infectivity
of SARS-CoV-2 is the issue of seroconversion. At time of
writing it is still unclear how seroconversion relates to
infectiousness in patients with SARS-CoV-2. Viral shedding has
been shown to persist despite seroconversion, and virus has
also been successfully cultured after the detection of anti-
bodies to SARS-CoV-2 [5,10]. Up to half of patients with SARS-
CoV-2 have been found to develop an antibody response by
Day 7 after symptom onset, with the vast majority sero-
converting by Day 15 [5,37]. Serological testing may also
identify patients with past infection without PCR positivity
and has been used in surveillance to identify previous SARS-
CoV-2 infection and provide the infectious link between
known cases [38]. Serological testing may provide greater
utility in estimating the prevalence of past SARS-CoV-2
infection within the community and its use is becoming
more widespread worldwide as the pandemic progresses.
While there is not definitive evidence for long-term immunity
with seroconversion, positive serological testing has been
proposed as a possible strategy to identify those with immu-
nity, which would be especially useful in healthcare workers.

In general, these findings suggest positive RT-PCR later
in the course of SARS-CoV-2 infection does not necessarily
correlate with viable virus and therefore with infectivity. In
presymptomatic and asymptomatic patients there is some
data to suggest that the virus is likely to be viable early in
the course of infection. Many questions remain regarding
infectivity of patients with SARS-CoV-2, especially in regard
to symptom status and positivity in PCR and serology
assays, and appropriate infection control policy. Further
research with larger sample sizes studying PCR and anti-
body positivity, virus viability and infection rates directly is
required to confidently describe the correlations and the
bearing these tests have on infectivity.

The social importance of SARS-CoV-2 test
interpretation

Gaining a better understanding of the significance of clinical
diagnostics regarding viral shedding and infectiousness over
time is important for both clinical and social reasons. As
identified above, there are currently considerable gaps in our
knowledge regarding viral shedding over time and across
contexts, and the concrete risks to patients themselves,
healthcare workers and the community at large. Diagnostics,
in this case, has the considerable potential for providing data
but also, and somewhat paradoxically, raising levels of un-
certainty (i.e. positive results versus clarity around actual
significance). Practices of testing, and their interpretations,
thus have considerable implications for healthcare services
burden, potential over-treatment (or under-treatment), as
well as producing further uncertainty in the community of
the ‘silent threat’ posed by those who have come into con-
tact with SARS-CoV-2. Among many other implications, the

identification of viral RNA on PCR without sufficient evidence
of risk, or significance, offers the potential for inducing
further social stigma within and beyond the clinical envi-
ronment. Whilst sensitivity of testing is a vital aspect of the
challenge of SARS-CoV-2, so too is moderating the need for
testing, versus utilising best-evidence of likely risks/costs.
What remains critical is incorporating best evidence of viral
shedding and infective risk into routine care practices, which
seek to reduce excess intervention and fear amongst
healthcare workers and the community. This must include
educational communication, based on nuanced un-
derstandings of viral shedding, which would usefully allay
community/political fears around transmissibility, as well as
reduce burden on healthcare services. In sum, further
detailed exploration of viral shedding and its clinical/social
significance would serve a range of purposes including:
reducing potentially unnecessary isolation practices and
length of care; increasing containment/intervention in cases
of genuine risk where shedding was previously under-
recognised; reduce in social stigma around those who are
no longer ill but perceived as a potential threat; and, reduce
in clinical and community uncertainty and fear around the
ambiguities of the ‘tail end’ of SARS-CoV-2.

Summary of findings

There is evidence of ongoing viral shedding after symptom
resolution in SARS-CoV-2 infection which may be prolonged
in the faeces compared to respiratory secretions. Immu-
nosuppression and disease severity also appear to extend
the duration of viral shedding. However, there is not
convincing evidence that duration of shedding correlates
with duration of infectivity.

There is not a clear association between viral load and
infectivity, but the earlier peak in viral load in SARS-CoV-2
infection suggests infectivity may be higher earlier in the
course than would be expected based on a SARS model.

Current data indicate live virus isolation is less likely
from Day 8-9 after symptom onset but may be possible from
respiratory samples taken up until Day 18 after symptom
onset supporting the potential for transmission until that
time. Most patients seroconvert by Day 15 after symptom
onset. While the risk of transmission after symptom reso-
lution may be lower, it cannot be ruled out with the
available evidence.

Transmission by asymptomatic or minimally symptom-
atic individuals also appears likely and highlights the
importance of contact tracing and isolation of exposed in-
dividuals, especially as transmission potential may be
maximal early in the course of infection.

Further research is needed to determine the viability of
the virus outside the respiratory and gastrointestinal tract at
different stages of infection in both asymptomatic and
symptomatic individuals. This will improve understanding of
transmission risk and allow greater certainty around guide-
lines for appropriate contact tracing and quarantine periods.

Conclusion

Establishing when a person with SARS-CoV-2 is infectious,
and hence what policy should be developed around
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quarantine, repeat testing and social isolation, is a critical
issue globally at present. Interpretation of the evidence
requires a sophisticated level of scientific understanding of
modes of testing which is challenging for healthcare pro-
fessionals and policy makers and complicates community
communication around policy. In addition, there are sig-
nificant limits to the current evidence which continue to be
explored as the pandemic progresses.
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