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Supplementary Table S2. Detailed data from papers investigating durations until viral isolation and culture. Papers are presented in
alphabetical order by first author.

First Author Sample
types taken Viral Viral
t |

Journal & Country fieb:iiyn Study population :iazr:p € for isolation, | shedding | isolation | Notable findings Symptoms
publication & sampling (max) (max)
date/status method

Positive cultures in 17 out

of 24 pre-symptomatic

patents and 1 out of 3
Arons et al. NP & OP asymptomatic patients.
(1) Patients in a skilled 48 (27 Includes asymptomatic

. . e . . samples, . . .
Serial nursing facility with individu Viable virus isolated up to | and pre-symptomatic
. . . . collected at 2 .
New England | United cross- mixed disease als with . . 6 days before onset of patients. Most
. . time points, 13 days 9 days
Journal of States section | severity, a mean age 2 symptoms. RT-PCR common new
o 1 week e .

Medicine al of 78.6, 98% had a co- | samples apart positive up to 7 days prior | symptoms were fever,
(April 24, morbidity taken) part. to symptom onset. cough and malaise.
2020)

RT-PCR Ct values ranged
from 13.7-37.9 in positive
samples.




Ct values mean=34, IQR:

NP, Nose & 29-39 (range: 17.5 to 40)
Patients with positive throat,
. P sputum, ETA, Mean Ct across all cultures
PCR test, mixed . -
. . 195 nbBAL, at increased with time from
Basile et al Case disease severity (ICU, atients | mean 11 symptom onset Types of symptoms not
) Australia . admitted and P N/A 18 days ymp ) P . yme
(2) series . (234 days (up to described.
outpatients), a mean e
samples) | 29 days) Positive viral culture
age of 40 years (8-78
after samples collected closer
years), 75% M
symptom to symptom onset date
onset than were negative
samples.
Positive viral culture
samples had significantly
All samples in this lower Ct values than
study were obtained negative cultures (17 (16-
to support routine 19) vs 27 (22-33)). For
care and surveillance every increase in unit in Ct
of the public health NP and value, the odds of a
response in the endotracheal positive culture decreased
province of Manitoba, samples, by 32%.
Bullard et al. Canada. All suspect from
(3) COVID-19 cases had 90 (26 diagnostic Time from symptom to
Cross SARS-CoV-2 RT-PCR with samples of test time was significantly
Clinical > performed on positive | individuals lower in positive vs .
Canad t 21 Not d bed.
Infectious anada :Iec on nasopharyngeal (NP) viral who tested days 8 days negative cultures (3 (2-4) ot describe
Diseases or endotracheal (ETT) | isolation | positive by vs 7 (2-11)). For every day
(May 22, samples at Cadham ) RT-PCR from since symptom the odds
2020) Provincial Laboratory. dayOto 21 of a positive culture
Median age of the post decreased by 37%.
patients sampled was symptom
45 (range: 30-59 onset Probability of a successful

years). Forty

nine percent of
samples were from
males.

positive culture peaked on
day 3 and decreased after
that point.

No growth in samples with
Ct >24.




Throat

samples,
collected
serially while
in hospital
Chang et al. and after
(4) o _ 69 (4 discharge.
Hospitalized patients Only .
. . . attempt Fever present in 82% of
The Journal of with mixed disease attempted - . . . .
. edandO L . No positive viral isolation/ | patients, cough in 60%
Allergy and . Case severity, who re- iy viral isolation . . .
. China . . positive 57 days N/A culture during of patients, sputum in
Clinical series tested positive after . from . .
. . viral convalescent period. 25%. 2 patients were
Immunology discharge. 3 required isolation samples asvmbtomatic
in Practice ICU admission. ) taken during yme '
(June 20, the
2020) convalescent
period, sent
while
patients
were at
home.
Decker et al Fever on day 1 that
(5) ' Throat >35 days Patient post-symptomatic | resolved within 12
62 year old male heart samples, (patient at time of positive viral hours, second fever
. transplant recipient collected still cultures. that spiked and
American Case N . .
Germany who was hospitalized 1 serially at 10 | testing 21 days resolved at day 7.
Journal of report . Sy . . o .
. with mild disease time points positive at Viral culture not successful | Other symptoms were
Transplantati . . . . . .
severity until day 35 study in samples with PT-PCR Ct | mild rhinorrhea and
on (June, . . . . .
2020) of illness. end) >25 (log 5.3 copies/ml). impaired exercise

capacity.




Patients with mixed
disease severity.
Patients with mild

NP samples
and
bronchial
aspirates,
from
diagnostic
samples of
individuals
diagnosed as

Positive viral culture was
obtained from a higher
proportion of patients
with severe disease vs
mild symptoms (53.4% of
samples vs 36.0%). All

Folgueira et symptoms (n=24) outpatients samples from deceased o .
. 6 hospitalized patients
al. (6) were healthcare and those patients were able to be .
Cross- 65 (106 were admitted to the
. . workers, largely followed up cultured. .
- Spain section samples . 32 days N/A ICU and required
MedrXiv* Pre- women, and assessed for hospital . s
. al . . . taken) . . mechanical ventilation.
print (June 12, in outpatient settings. care. Median Samples with Ct values < 5 patients died
2020) Patients with severe time of 25 had >90% positive viral P '
disease were sample culture. However, samples
hospitalized (n=41), of collection for with low viral loads (Ct >
which 5 died. hospitalized 35) could still harbor
patients was viable virus.
19.6 days
and for
outpatients
was 16.5
days.
Gautret et al. Hospitalized patients 4 patients were
(7) with age range of 18 89 (53 NP samples, asymptomatlc, 14
to 88 years, 57.5% had | with . patients had fever as a
o collected Viral cultures were
Travel Case at least one positive . L symptom, 33 had
- France . . . daily 12 days 9 days negative in 97.5% of .
Medicine and series comorbidity. 3 viral - . upper respiratory tract
. . . . beginning at patients at day 5.
Infectious patients were isolation treatment symptoms and 43 had

diseases (April
2020)

transferred to ICU, 1
patients died.

)

lower respiratory tract
symptoms.




Gniazdowski

Mean Ct value for
infectious virus was 18.8 +
3.4, which was
significantly lower than
the mean of non-
infectious virus of 27.1
5.7 (p<0.0001). 28.6% of

Symptoms reported by

et al. (8) Patients with COVID- ’c\loﬁlz?;zllzz a cultures were negative yet | patients were fever
United Case 19 with mixed disease they had the same Ct (67%), cough (54%),
- . . . 29 part of NA 22 days ;. o .
MedrXiv*Pre- | States series severity, with an age standard of range as positive cultures dyspnea (39%), myalgia
print (August range of 4-93 years. care testin and 11.9% had a Ct value (30%) and
6, 2020) & of <20. gastrointestinal (28%).
Duration of infectious
virus not associated with
severity of illness, but with
the duration of symptoms
in most patients.
Showed late
seroconversion:
NP | Antibodies were
. samples, undetectable on Day 4
Haveri et al. collected
. . . after onset of .
(9) First COVID-19 case in serially, on . Respiratory symptoms
. o symptoms,|gG titres rose
Finland. Hospitalized days 3,4, 9, on onset, followed by
. Case . to 80 and 1,280 and IgM .
Euro Finland woman in her 30s 1 10, 20 and 8 days 4 days . high fever on day 2,
. report . . titres to 80 and 320 on '
Surveillance from Wuhan with mild 23, unclear post-symptomatic by
. . . Days 9 and 20.
(Mar 25, disease severity. when viral day 7.
2020) isolation was Ctval dav 4 f
attempted. values on day 4 for

different RT-PCR targets: E
(29.59), RdRp (30.87), N
(31.78).




Jeong et al. NP, OP or
(10) .
- . saliva
Hospitalized patients samples
C//.n/ca/' South Cas'e with r"mxed'dlsease 5 collected on NA 15 days Po§|tlve cultures from Not described.
Microbiology | Korea series severity, with range of davs 8 11 saliva samples.
& Infection ages of 51-63 years. ¥3e 2%
13,15 and
(July 23, 30
2020) )
Patient 1 had fever at
onset of illness until
day 9, nasal congestion
on days 6-8, dyspnea
. No positive viral isolation/ | on days 9-11, cough on
. . . Respiratory
Kim et al. (11) First 2 patients with samples culture. days 7-13, sputum on
' COVID-19 in South coIIepcte y days 9-13 and mild
| Korean Med South Cas.e Korea. 1 35-year old ) daily starting | 26 days N/A Upper respiratory RdRp Ct | loose sfcools on days 4-
. Korea series woman and 1 55-year values ranged from 25.05- | 19. Patient 2 had sore
Sci (Feb 24, . day 2 and .
old man, both with 36.69 and lower throat from illness
2020) . day 14 of . .
mild symptomes. ilness respiratory RdRp Ct values | onset until day 17,
’ ranged from 22.05-32.63. fever beginning around
day 10 and lasting until
16, cough on days 16-
18 and loose stool on
days 19-21.
Kim et al. (12)
NP, OP and
Osong Public South Case Hospitalized patients sputum No positive viral isolation
8 ) P P 22 P 17 N/A P / Not described.
Health & Korea series aged 9-80 years samples culture
Research taken serially
Perspectives




Convenience sample
of the first 12 US

patients confirmed to NP and OP
have COVID-19. 5 samples, Median symptom
patients had which were duration of 14 days,
. . . . 12 (9
Kujawski et al. underlying conditions. . taken on cough reported as last
. with . . .
(13) United Case Median age was 53 ositive days 1-9 Positive viral isolation symptom to resolve.
. years (range: 21-68); p' from 29 days 9 days from samples with RT-PCR | Median duration of
States series . viral
Nature (June 8 patients were male. isolation symptom Ct values of 12.3-35.7. fever was 9 days (range
26, 2020) Had mild to moderate ) onset. Not 2-11), with a peak body
illness with 7 patients attempted in temperature at median
hospitalized but none later 9 days (range 4-10)
requiring mechanical specimens.
ventilation and all
showing recovery.
NP sample, No positive viral isolation/
culture.
collected on
Kumar et al. dav 4 of
(14) 76 year old man with y . Sputum culture conducted | Worsening cough on
) hospital . .
multiple . on day 4, which is the days 1-6, fatigue,
; . admission : :
Canadian Case comorbidities, who . same day that patient exertional dyspnea,

. Canada o 1 (which was 17 days N/A . .
Medical report initially tested 11 davs after tested negative for SARS- fevers, low appetite
Association negative for COVID- Y CoV-2 in a NP swab. NP and diarrhea on days 2-

. exposure, -
Journal (April 19. and dav 6 swab, positive onday 7of | 6
24, 2020) y admission (18 days after
after cough
exposure; 13 days after
worsened)
cough worsened)
No difference in Ct found
Residents and staff at for positive tests where
Ladhani et al. care homes in UK with NP samples the patient.was pre-
suspected COVID-19 symptomatic,
(15) . taken as a :
United Case outbreaks, with a art of symptomatic or post-
L . . . median age of 85 (IQR | 518 P . NA 13 days symptomatic. Not described.
EClinicalMedi | Kingdom | series . testing
. 78-90) for residents .
cine (Sept 9, and for staff median during Differences in ability to
2020) outbreak. y

age was 47 (IQR 35-
56).

isolate virus found for Ct
values < 20 (100%) vs Ct
30-35(17%)




Lescure et al.
(16)

Lancet
Infectious
Diseases (Mar
27,2020)

France

Case
series

Patients were three
men (aged 31 years,
48 years, and 80
years) and two
women (aged 30 years
and 46 years).

NP samples,
taken from
patients
once only at
days 2, 2, 6,
7, 9 since
symptom
onset.

24 days
(until
patient
death)

2 days

Positive viral isolation in
samples with RdRp Ct
values of 23.6 and 24.4, E
gene Ct of 22.8 and 20.0,
RdRp IP Ct of 23.0 and
19.3, GAPDH
(housekeeping gene) Ct of
26.5 and 25.6.

Positive isolate titre was
6.25x10° and 3.0x10’.

Describes 3 subtypes of
symptom progression:
first, mild cases
through two
paucisymptomatic
patients aged younger
than 50 years who
were diagnosed early,
with high viral load in
nasopharyngeal
samples, suggesting a
significant shedding of
SARS-CoV-2, reflected
by virus detection by
RT-PCR; second, two
young patients
presenting with mild
symptoms at admission
and experiencing a
secondary progression
to pneumonia and
severe disease by days
10-11; and third, an
older patient with a
rapid evolution
towards critical disease
with multiple organ
failure and a long and
sustained persistence
of SARS-CoV-2
nasopharyngeal
detection associated
with viral RNA
detection in multiple
sites




L’Huillier et al

NP samples,

taken from
17 23 (12 Medi iral load
(17) Children with mild . ( patients at _e 'an vira 9a Wa.s Symptoms did not
. . with higher for patients with . .

. . disease. Isolated virus . days0-5 . S . differ between children
Emerging Switzerla | Case . positive positive viral isolation .

. . from children of all . after N/A 5 days . from whom a positive
Infectious nd series viral than for those without o .

. ages; the youngest . . symptom . . s viral isolation was
Diseases was 7 davs of age isolation onset. Did isolation. (1.7x10 obtained vs not
(June 30, ysorag ) ot attempt Vs 6.9x10 3). :
2020) after day 5.

Viral cultures positive
after resolution of
symptoms. Antibodies
Liu et al. (18) Throat and d-etected on day 19, but
50 year old soutum viral cultures remained
The Jqurnal of Taiwan Case h(_)spita_lizeq woman 1 sgmples, 63 days 18 days positive until day 18. Fever resolved on day
Infection report with mild disease and 10.
. C s collected .
(April 18, no comorbidities dail Virus isolated from throat
2020) v swabs at admission, and
from sputum until 18 days
after symptom onset.
Hospitalized patients
with a mean age of
47.9 (SD 17.5), 2.6% 1061
had cancer, 7.4% had (915
Million et al. diabetes, 4.3% had attempt
>15 days
(19) coronary artery ed, 204 . . .
. i, (patient Prolonged viral shedding
disease, 14% had positive NP samples, . . . . .
. . still associated with high viral
Travel Case hypertension, 10.5% viral collected . . . .
- France . . . . . testing 9 days load at diagnosis, but no Not described.
Medicine & series had chronic isolation | daily for 11 . . .
. . . - positive at positive viral cultures after
Infectious respiratory disease s, 11 participants. stud dav 9
Disease (May and 5.8% had obesity. | individu end)y v
2020) 973 patients (91.7% als with
had good clinical daily
outcome) with 38 samples)

severe outcomes
including death.




Viral load associated with
positive cultures (12/17
for specimens with viral

Perera et al. NP, throat,
- . loads 27.0 log10
(20) Hospitalized patients sputum and .
. . copies/mL, 3/11 for
Hon Case positive for COVID-13 saliva specimens with viral loads
Emerging & . with mixed disease 35 samples, not | >30 days 8 days P . Not described.
. Kong series . 6.0-6.99 log10 copies/mL,
Infectious severity and an age collected at . L
s ) 1/7 specimens with viral
Diseases (Nov range of 17-75 years. predefined
2020) intervals loads 5.0-5.99 log10
' copies/mL, and 0/33
specimens viral loads <5
log10 copies/mL)
Odds ratio of positive viral
culture decreased by 0.67
with each increase of Ct
value (95% Cl: 0.58-0.77).
In 5 symptomatic cases
with non-severe illness
were able to isolate virus
Upper from samples with Ct >35.
Sineanavaga Symptomatic cases respiratory
ganayag that tested positive samples Positive culture rate was
metal. (21) United Case and had a clear record from routine significantly higher durin
. . 176 . NA 12 days g yhie € | Not described.
. Kingdom | series of dates of symptom testing, not week 1 than week 2 (74%
Eurosurveillan .
onset and sample collected at vs 20%; p = 0.002), with
ce . ) .
collection. pre-defined the probability of a
intervals. positive culture at 10 days

after symptom onset
being 6% (95% Cl: 0.9—
31.2%).

No difference in Ct values
or positive cultures
between different age
groups.




Sun et al. (22)

Patient had cough and

OP samples ;
. . o . fever when admitted to
. . Case 72-year old man taken serially No positive viral isolation/ . . .
Emerging China . . 1 42 N/A hospital. His condition
. report admitted to hospital at unclear culture .
Microbes & ) deteriorated and he
] intervals :
Infections was ventilated.
Median duration of
infectious virus shedding
was 8 days (IQR 5 -11).
<5% probability of
isolating infectious virus
when duration of
o . symptoms was 15.3 days
Hospitalized patients
osp patier or more (95% Cl 13.2-17.2)
with severe or critical Upper
COVID-19, admitted respirator
. espiratory <5% probability of
to medium acute care | 129 (23 and sputum . . . .
van Kampen o isolation when viral load Assumption that all
(40, 31%) or to individu | samples, . . .
et al. (23) . . . went below 6.51 log10 patients with positive
The intensive care (89, als with collected . . .
Case . . . RNA copies per mL. viral isolation were
% Netherla . 69%). 11 patients positive | serially from N/A 20 days .
MedrXiv*Pre- series . . . symptomatic at the
. nds were severely viral diagnostic . . . . .
print (June 9, . . . . Viral load was associated time of sampling, given
immunocompromised | isolation | samples s . . . .
2020) with infectious viral the patient population.
and 19 were non- s) only, not at . . .
. shedding; median viral
severely pre-defined L
. . . load was significantly
immunocompromised intervals.

higher in culture positive
samples than in culture
negative samples.

Shedding of infectious
virus dropped rapidly to
undetectable levels upon
seroconversion.




Wolfel et al.
(24)

Nature (April
1, 2020)

Germany

Case
series

Hospitalized, young-
to-middle aged
patients with minimal
pre-existing disease
(one each of
hypothyroidism,
COPD,
hypercholesteremia),
and relatively mild
symptoms. Patients
identified based on
close contact with an
index case and not
based on symptoms.

OP, NP, and
sputum
samples,
collected
daily
beginning
from 2-8
days from
symptom
onset.
Isolation
attempted
on multiple
occasions
from positive
samples.

28
daysdid
not

8 days

Peak viral shedding in
upper respiratory tract
during first 5 days, with
prolonged shedding in
sputum. Sputum samples
remained RNA-positive
over three weeks in six of
the nine patients, despite
full resolution of
symptoms.

Successful viral isolation
found before and after
seroconversion.

Threshold of at least
100,000 viral RNA copies
per ml of sputum required
for isolation.

Positive rate of virus
isolation in first week of
symptoms was 16.66% in
NP/OP swab samples and
83.33% in sputum
samples, but after day 8
no positive isolates were
obtained despite ongoing
high viral loads.

Seroconversion associated
with a steady, not abrupt,
decline of viral load.
Seroconversion occurred
for all patients by day 14.

1 patient had fever as
an initial symptom and
3 patients showed
fever as a later
symptom and the fever
resolved in these 3
patients on day 4, day
4 and day 8. 1 patient
was asymptomatic.




Young et al.
(25)

Clinical
Infectious
Diseases (Aug
28, 2020)

Singapor
e

Case
series

Patients hospitalized
with COVID-19 with
mixed disease
severity, with an age
range of 35-56. 38%
had any comorbidity;
10% with diabetes
and 19% with
hypertension.

100

NP serial
samples
taken on
days 1, 3,7,
14, 21 and 28
after
enrollment.

48 days

14 days

Viral isolation not positive
when Ct value was >30.

No association found for
duration of viral shedding
when stratified for disease
severity.

No correlation between
viral isolation and
infection severity,
demographics or
symptoms.

Presenting symptoms:
76% had fever, 70%
had cough, 47% had
sore throat and/or
rhinorrhea, 19% had
diarrhea, and 17% had
dyspnea.

Ct, cycle threshold; E, envelope protein gene; GAPDH, glyceraldehyde-3-phosphate dehydrogenase gene (reference housekeeping gene); IgG, immunoglobulin G; IgM,
immunoglobulin M; N, nucleocapsid protein gene; NP, nasopharyngeal; OP, oropharyngeal; RdRp, RNA-dependent RNA polymerase gene
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