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Abstract Any reports and responses or comments on the

Background: Cross-sectional studies indicate that up to 80% of active  article can be found at the end of the article.
SARS-CoV-2 infections may be asymptomatic. However, accurate
estimates of the asymptomatic proportion require systematic
detection and follow-up to differentiate between truly asymptomatic
and pre-symptomatic cases. We conducted a rapid review and meta-
analysis of the asymptomatic proportion of PCR-confirmed SARS-CoV-
2 infections based on methodologically appropriate studies in
community settings.

Methods: We searched Medline and EMBASE for peer-reviewed
articles, and BioRxiv and MedRxiv for pre-prints published before
25/08/2020. We included studies based in community settings that
involved systematic PCR testing on participants and follow-up
symptom monitoring regardless of symptom status. We extracted
data on study characteristics, frequencies of PCR-confirmed infections
by symptom status, and (if available) cycle threshold/genome copy
number values and/or duration of viral shedding by symptom status,
and age of asymptomatic versus (pre)symptomatic cases. We
computed estimates of the asymptomatic proportion and 95%
confidence intervals for each study and overall using random effect
meta-analysis.

Results: We screened 1138 studies and included 21. The pooled
asymptomatic proportion of SARS-CoV-2 infections was 23% (95% CI
16%-30%). When stratified by testing context, the asymptomatic
proportion ranged from 6% (95% CI 0-17%) for household contacts to
47% (95% CI 21-75%) for non-outbreak point prevalence surveys with
follow-up symptom monitoring. Estimates of viral load and duration of
viral shedding appeared to be similar for asymptomatic and
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symptomatic cases based on available data, though detailed reporting
of viral load and natural history of viral shedding by symptom status
were limited. Evidence into the relationship between age and
symptom status was inconclusive.

Conclusion: Asymptomatic viral shedding comprises a substantial
minority of SARS-CoV-2 infections when estimated using
methodologically appropriate studies. Further investigation into
variation in the asymptomatic proportion by testing context, the
degree and duration of infectiousness for asymptomatic infections,
and demographic predictors of symptom status are warranted.
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Introduction

Reports of asymptomatic SARS-CoV-2 infection and poten-
tial transmission'” have generated concern regarding the
implications of undetected asymptomatic transmission on the
effectiveness of public health interventions in the current
COVID-19 pandemic’. However, estimating the proportion of
asymptomatic SARS-CoV-2 infections with viral shedding is
challenging as the majority of testing is carried out on symp-
tomatic individuals’. Furthermore, longitudinal designs that
include symptom follow-up are required to differentiate truly
asymptomatic cases, i.e. those that never develop symptoms dur-
ing infection, from pre-symptomatic cases, i.e. those that shed
virus and therefore test positive prior to symptom onset (see
Figure 1). While asymptomatic viral shedding has been sug-
gested to comprise up to ~80% of SARS-CoV-2 infections®,
data informing these figures are largely confined to cross-sec-
tional reports that cannot distinguish truly asymptomatic cases
from those who are pre-symptomatic at the point of testing
(see Figure 1). Interchangeable use of these concepts, i.e.
asymptomatic and pre-symptomatic, precludes accurate estima-
tion of the asymptomatic proportion of potentially infectious
SARS-CoV-2 cases. Detectible SARS-CoV-2 shedding based
on reverse transcriptase polymerase chain reaction (PCR) test-
ing cannot conclusively establish infectiousness in the absence
of viral culture”'’. However, PCR cycle threshold values provide
an informative estimate of viral load and, by extension, prob-
able infectiousness’; consequently, PCR-confirmed infection
can provide a useful and accessible indicator of potentially
infectious cases, including those without symptoms, for
epidemiological modelling.

Differences in demographic characteristics of asymptomatic
versus symptomatic individuals are also poorly understood.
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Age is an important risk factor for COVID-19 severity, with
greater risk of poor prognostic outcomes including mortal-
ity in older adults'"">. Consequently, asymptomatic infection
may be less common with increasing age. Understanding the
relationship between age and symptom status has important
implications for public health interventions.

Given the widespread discussion and potential implications
of asymptomatic transmission of SARS-CoV-2, we aimed to
rapidly synthesize studies to estimate the asymptomatic pro-
portion of PCR-confirmed cases in community settings
(primary outcome). We also aimed to synthesize available
data from these studies regarding viral load and duration of
viral shedding in asymptomatic community cases compared to
pre-symptomatic cases or those symptomatic from baseline
(secondary outcome), and the relationship between symptom
status and age (secondary outcome). We limited the review
to include studies from community settings rather than
hospitals and other medical facilities to prevent selection
bias towards symptomatic cases. Only studies reporting
PCR-confirmed cases rather than exclusive serological stud-
ies were included to estimate the proportion of asymptomatic
SARS-CoV-2 infection with viral shedding. The review
was not extended to estimate the overall asymptomatic
proportion including non-shedding serological cases due to
the limited number of serological studies, varying interpre-
tation, and ongoing development of valid serological assays
for SARS-CoV-2.

Methodology

This review was reported in line with the PRISMA
guidelines®. A protocol was not registered due to its status as
a rapid review.
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Figure 1. Timeline of symptom development and viral sheddingin relation to timing of virological testing. This figure demonstrates
two trajectories of symptom development in cases with detectable viral shedding. The symptomatic case trajectory comprises a period of
pre-clinical viral shedding, in which the individual demonstrates no symptoms but tests PCR positive (pre-symptomatic PCR-confirmed).
These individuals subsequently develop symptoms and continue to shed virus (symptomatic PCR-confirmed). Consequently, cases with a
symptomatic trajectory may appear to be asymptomatic if tested in the pre-clinical shedding period and not followed-up. Asymptomatic
cases with viral shedding, conversely, test PCR positive and never go on to develop symptoms across the course of infection (asymptomatic

PCR-confirmed).
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Search strategy

We used Ovid to search the Medline and EMBASE data-
bases of peer-reviewed literature (2019- May 05 2020 and
search repeated to include period of May 06 2020 to June 10
2020, and subsequently to include June 11 2020 to August
25 2020) using the following search terms for titles and
abstracts: (Coronavirus®* OR Covid-19 OR SARS-CoV-2 OR
nCoV) AND (asymptomatic) AND (polymerase chain reac-
tion OR PCR OR laboratory-confirmed OR confirmed). We
also searched BioRxiv and MedRxiv for titles and abstracts
of pre-print manuscripts using the terms “Covid-19” +
“asymptomatic”. We hand-searched the reference lists of all
included studies to identify any additional relevant literature.

Selection criteria

We included studies that met all of the following criteria:
1) human study; AND 2) presented original research or
public health COVID-19 surveillance data; AND 3) available
in English; AND 4) presented data on polymerase chain reac-
tion (PCR) confirmed COVID-19 cases; AND 5) presented
data on PCR testing of exposed or potentially exposed indi-
viduals regardless of symptom status (to avoid bias towards
symptomatic cases); AND 6) had systematic follow-up at >
1 time-point and reporting of symptom status among PCR
confirmed cases (to differentiate pre-clinical shedding from
truly asymptomatic cases); AND 7) presented data from a com-
munity setting (i.e. community and home contact tracing,
population screening, traveller screening, community insti-
tutional settings such as care homes, schools, or workplaces,
occupational exposure including healthcare workers). Studies
were excluded if they met any of the following criteria: 1)
studies or case series with <5 positive cases and/or <20 total
cases (small sample size) due to likely low generalisability
of asymptomatic proportions; OR 2) not possible to con-
sistently ascertain the symptomatic status of participants
across follow-up; OR 3) inadequate detail about testing
strategy (i.e. not possible to discern if all cases were tested
systematically); OR 4) recruitment/reporting of patients from
acute healthcare settings (e.g. hospitals, medical facilities)
due to selection bias towards symptomatic cases.

Data extraction and analysis

One researcher performed the search and deduplication using
Ovid, screened and selected studies, and extracted study
details. Two researchers extracted primary outcome data inde-
pendently and resolved any disagreement by consensus. We
extracted the following variables of interest to assess the
primary and secondary outcomes and the characteristics and
quality of included studies: author names, year of publication,
publication type (peer-reviewed article or pre-print), study
design, study setting, study country of location, participant
age (mean, median, or range as available), participant sex
distribution, symptoms comprising symptomatic case definition,
duration of symptom history at PCR-confirmation, duration
of follow-up symptom monitoring, testing criteria, sample
size, number of participants who underwent PCR test-
ing, number of PCR-confirmed cases, number of confirmed
cases who remained asymptomatic throughout follow-up, and
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cycle threshold or genome copy number values, viral culture
results, duration of viral shedding for asymptomatic and
pre-/symptomatic cases, and any available data regarding age
or age distribution of asymptomatic versus (pre)symptomatic
cases if reported.

We performed random-effects meta-analysis using the metaprop
programme' in Stata Version 15 to compute the study-spe-
cific and pooled asymptomatic proportion - the primary out-
come of this review - with its 95% confidence intervals
(Wilson score method) and 95% prediction intervals', applying
the Freeman-Tukey transformation (the same analysis
can be performed in R). We decided a-priori to use a random
effects model to address heterogeneity. The asymptomatic
proportion is given as the number of consistently asymp-
tomatic confirmed cases divided by the total number of
PCR-confirmed cases who received follow-up (Figure 2). It
is important to note that the term asymptomatic proportion
is sometimes used to alternatively refer to the asymptomatic
proportion of all infections including those that do not shed
virus and would not be PCR-confirmed (see Figure 2). To account
for potential exposure-driven heterogeneity in asymptomatic
proportion, we present findings stratified by testing context
as well as overall. Testing context was subdivided into stud-
ies comprising exclusive household contacts of an index case,
studies comprising contacts from other settings or those (poten-
tially) exposed to an outbreak (including travellers returning
from high-prevalence regions), and point prevalence surveys
not specifically linked to an outbreak that had follow-up
Symptom monitoring.

We reported available findings regarding the viral load,
duration of viral shedding, and age of asymptomatic and
(pre)symptomatic cases, but did not conduct meta-analysis due
to sparse reporting and inconsistencies in data presented.

Risk of bias assessment

We assessed risk of bias based using criteria relevant to the
topic of this review adapted from the Joanna Briggs Institute
critical appraisal tool for prevalence studies'® (Table 1). Two
researchers independently assessed the risk of bias for each
included study and resolved any disagreement by consensus.
Bias was assessed according to criteria described in Table 1,
with studies graded as very low risk of bias if they were
unlikely to have been affected by bias on any of the criteria,
low if one criterion may have been affected, moderate if two
may have been affected, and high if all three may have been
affected. Risk of publication bias across included studies was
assessed using a funnel plot and Egger’s test.

Results

Records identified

Figure 3 presents an adapted PRISMA flow diagram” of the
study selection procedure. The search yielded 1077 published
articles indexed on OVID and 473 pre-prints. Following
deduplication, we screened the titles and abstracts of 1138
published articles and pre-prints, of which we assessed the
133 full texts — including a relevant text identified through
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Figure 2. Summary classification of clinical and PCR outcomes and calculation of asymptomatic proportions.

Table 1. Risk of bias assessment.

Potential Issue Direction of Bias

Information Bias: Initial testing does not identify
all infected people shedding virus

Effect estimate could be biased downwards if PCR testing is more likely to detect
symptomatic shedders compared to asymptomatic shedders. This could be
because asymptomatic cases shed less virus or shed for a shorter duration.

Information Bias: Difficulty distinguishing pre-
clinical versus truly asymptomatic

Effect estimate could be biased upwards if pre-symptomatic cases are
misclassified as asymptomatic (see Figure 1)

Non-Participation Bias: Individuals opt out of Effect estimate could be biased in either direction if participation is influenced on

initial PCR testing or out of symptom follow-up symptom-status

hand-search of the literature — and included 21 in the present
review!’. Three of the 21 included studies comprised
household contacts of confirmed cases’®***. A further three
included studies were point prevalence surveys with symptom
monitoring follow-up*~°, one of which was conducted in
a general population sample®® and the remaining two in
nursing home samples**. The remaining 15 studies involved
participants with other epidemiological links to confirmed or
suspected  cases/outbreaks'’>?7-3 " including five studies
based in nursing homes'®'****>¥7 and one study of healthcare
workers with occupational exposure to confirmed cases™.
The healthcare worker study was included as it comprised
whole-facility testing following occupational exposure in
healthcare workers rather than patients presenting to health-
care settings due to symptoms (see inclusion criteria). Studies
were conducted across the following range of countries in
Asia, Europe, and North America: China*»»2"%?, USA!#1928.32.36
UK*#%7 South Korea'’, France”, Vietnam®', Brunei®”, Italy™,
Japan®', Hong Kong¥, and Ireland*. Risk of bias was rated as
very low for two studies®™*, low for 15 studies'’--2223:29-29.32.34-36
and moderate for four studies® %7,

Asymptomatic proportion of PCR-confirmed SARS-CoV-
2 infections in community settings

Estimates of the asymptomatic proportion of PCR-posi-
tive SARS-CoV-2 infections for included studies ranged
from 0% (95% CI 0-0.8%; Yousaf et al.’®) to 91% (95% CI
73%-98%; Starling et al., 2020%). Table 2 reports all asymp-
tomatic proportions with 95% confidence intervals for as
well as details of included studies. Based on random-effects
meta-analysis (Figure 4), the pooled estimate for the asympto-
matic proportion was 23% (95% CI 16%-30%; 95% prediction
interval 0.01-57%). There was high heterogeneity: Q(20)=
253.06, p<.001, >= 0.11, I>= 92.10%. Heterogeneity appeared
to be partly influenced by testing context (test for subgroup
heterogeneity: Q(2) = 10.49, p=0.01), but remained substantial
within these subgroups. Household contact studies demonstrated
the lowest asymptomatic proportion estimate of 6% (95%
CI 0-17%; heterogeneity Q(2)= 12.09, p<.001 = 0.07,
I’= 83.46%), rising to 23% (95% CI 14-32%; Q(14)= 139.86,
p<.001 = 0.12, I>= 89.99%) for studies comprising
participants with other epidemiological links to SARS-CoV-2
cases or outbreaks, and 47% (95% CI 21-75%; Q(2)= 47.16,
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Figure 3. Adapted PRISMA flow diagram of study selection.

A 4

Records excluded
(n=1005)

Full-text articles excluded
(n=112)

Testing strategy biased by
symptom status: 20

Medical setting: 19

Inadequate detail about testing
strategy: 14

Cannot assess symptom status
across follow-up: 12

No symptom-related follow-up:
11

Small sample: 9
Cases not PCR-confirmed: 9
Asymptomatic cases only: 8

Not all participants followed up:
3

Duplicate datapoints: 4

Asymptomatic cases not PCR-
confirmed: 2

Asymptomatic and mild
symptomatic cases collapsed
into single category: 1

, 5:266 Last updated: 05 NOV 2020

Page 6 of 16



: 05 NOV 2020

266 Last updated

Wellcome Open Research 2020, 5

MO

91eJapPOoN

MO

MO

MO

MO

seig
J04s1Y

(621/8 '%CL-€) %9

(0€/€1L "% 19-L7) %EY

(9/1 '%95-€) %LL

(S/T'%LLTL) %0V

(LY/€ "%L1-T) %9

(£6/% '%01-2) %¥

(N/u ‘1D
%S6) % uonodoid
snewolrdwAsy

‘SI9IOM

Yyeay d1ignd Aq

pa1npuod buiggems

'skep omy Aiana

62l  sqgems [esbukieydolo

paydadsun

(42xu0Mm aiedyyesy

SA -§|9S) poyiaw

uo29]|0) "aull3seq 1e

eAlles pue Ajlep sqems

20€ |eabufieydoseN

paypadsun (JasJom
2Jedy3|eay sA -J|as)
poLIaW UoNI3|0D

‘Alep sajedidse
|B3YDEeII0PUS IO SqBMS

9 |eabulieydoseN

paypadsun (JayJom
21e5U3(e3Y SA -J[35)
poyIaw Uoi3||0d

‘Jede 32am auo 931m)

S sgems [eabukieydoseN

paypadsun (JasJom
2Jedy3|eay sA -}|as)

poYIBW UOIIS||0D

‘Jede 32aMm U0 901M)
sqems |eabukieydoio

oLV pue |eabulieydoseN

payadsun

(4210M 2uEDYIERY

SA -§|9S) poyiaw

uond3||0) Ajlep sqems
jeabukieydolo pue

/6 |eabukieydosen

fouanbaiy
pue uawidads 3sa1

u sase)
+d0d

skep 0g

031 dn - sgems
aniebau

SAIIN23SU0D

1614 Zhun
000%L skep +1
ell skep v71
wl skep £
9L skep £
erLL skep 71
dn-mojjoy

woldwAs

u paisal jo yabua

(Aue y1) 19suo0
woydwAs
1S4l JO

21ep wol

(Aue y1) 39suo
woydwAs
15114 JO

31ep woi4

(Aue J1)39suo
woydwAs
1S4l 40

91ep wo.4

skep
| snoinaud
UIyum

skep
1 snoinaid
UM

(Aue y1) 19su0
woydwAs
1414 JO

21ep wol4

Kio3s1y
woldwAs
aujjaseq
jo yabuaq

J3Y30 Jo/pue
‘9Y2e-Ydewols
'e30y1Jelp HWOA
‘easneu ‘uopsabuod
|eAdunfuod ‘uied
15942 ‘ssauiybn
159y ‘buiyiealq
Anauip ‘yiesuq jo
ssauioys ‘elbjelyye
‘eibjeAw ‘anbpey
‘ayoepesy ‘1eolyy
2J0s 'evoyiouyd
‘uonsabuod [eseu
‘uopdnpoud wninds
Ud ‘'ybnod Jana4

|lpWS Jo
95UDS 150| Jo/pue
‘uled |eujwopge
‘ayoepesy ‘uled
3PsNuU ‘1eouyl aJos
‘eaoylelp ‘anbpey
‘edoyuloulys ‘ybnod
JaA3) papn|auUl INg
paypadsun is

eibjeAw Jo/pue
‘e90YJI0UIY] ‘SIEIMS
‘sly> ‘enbiey
/eluayise ‘ybnod
19m ‘ybnod Aip
UsAs) papnipul Ing
panypadsun 3si

ea0y.lelp
J0/puUe ‘yieaiq Jo
SSaUMIoyS ‘ybnod
‘sayoepeay ‘asiejew
'SSaUIZZIP 'Sayde
Apog ‘uoisnjuod
'S||ly> 1oyl a1os
Ul swoydwiAs Jayio
pue ‘ybnod Usna4

‘Bunjwon
10/pue easneu pue

'B90YLJRIP 'BydepRaY

'SSaUIzZzIp ‘ssauldas|s
10 UoISNjuod
‘uonsabuod Jo

9sou AuunJ ‘3eolyy
9.0s ‘asiejew
‘eibjeAw ‘s|jiya
‘U3e31q JO SSBULIOYS
‘ybnod Jana4

panadsun

uoniuyap
ased snnewoydwAs
ul papnpul
swoldwAs

1odal-§9s
quedpnied
WwoJj SWoj
JUBWISSASSe
pasipiepuels

uodal
quedpnued uo
paseq Sw.oj
JUBWISSASSe
pasipiepuels

SMBIAJRIUL
juaied uo
paseq sw.oj
JUBWISSISSE
(Apmas 03)
odsag

soueISISSe
Je3s Inoypm
10 Yy3m 1odal
-J|2s sned
U0 paseq wJoj
JUBLISSSSE
pasiplepuels

SpJodaU
|eaIpaW pue
SMBIAISIUI UO
paseq wioy
JUDWSSISSEe
pasipJepuels

SMIIAIDIUL
juaned uo
paseq wioy
JUBLISSASSe
pasipJepuels

poylaw
juswissasse
woldwAs

‘sisAjeue-e3aw ui papnjdui saipnis jo Arewwins aAnRdLdsaq 'z 2|gel

(s)ased xapul
0} pasodx3

sease ysi-ybiy
W[SIRSIEIEYN:IN
buiuinial pue
(S)ased xapul
01 pasodx3

(s)ased xapul
01 pasodx3

(s)osed xapul
01 pasodx3

(S)ased xapul
03 pasodx3

(S)ased xapul
03 pasodx3

e
Bunsay

(0S61%7/9912) dlewsy
%05 (0°ZS - 0°'GZ :¥OI)
0'8¢ abe ueipaw
Dl|gnd |esausD

10yod
aAadsold

(dn-mojjo} yam 0g/51)
9eWad} %05 (09-9L
abuel) gz abe uelpaw
lignd [esaus9

110402
aAndadsold

(umousun
s|ie3ap olydesbowap)

ESVEEINTIS dl|gnd [esausD

(29/5t) alewsy
9%2L (0£-91 9bue)
0 9be ueaw :awoy
buisinu auo jo yeis

(08/29)

3ewa) %/, (201-69
abuel) 9g = abe
ueaw :awoy buisinu

2dUe||IAINS QU0 JO SIUapPISaY

(9£/8%) olewsy

%€9 ‘01F 9/ :abe
uesuw swoy _wc.,m‘_Jc
9UO JO SjuapIsay

Asnins
2ouajerasd
juiod [elas

(erep

olydesbowap yum
£58/079) 3w} %z,
(08-0z 9buel) g¢ abe

2due|IPAINS  Ueaw Dignd [essuaD

ubisap
Apnis

uondusap
dnoub juedidnaieq

(0z02)

euyd ‘a2 on

(0zo2)

WeuldIA  °fp 33 neyd

(0zo2)

Qduel4 /o 32 siueq

(0z02)
VSN o 32 Agxoy

(0z02)
VSN [P 33 suoay

£310% (0z02)
Uyinos ‘o 3a yJed
Apnis jo
Anuno)y 3duaiagey

Page 7 of 16



: 05 NOV 2020

266 Last updated

Wellcome Open Research 2020, 5

‘payypadsun (Jaxom
2Jedy3[eay SA -J[9s)
pOoYI_W UOIII3]|0d

pue fouanbaly
Juanbasgns “auljeseq

Mo (6/2 '%S5-9) %TeT 6 e gems Jeody |

'SIayI0M aledyeay Aq
p33129)|0D *(SwoidwAs
pPaMOYsS 4 S|leAla1ul
Kep-¢ 03 dn pue sased
JiewoydwAse oy 7|
pue ‘2 ‘| Ae@ 1e) sqems
|leabukieydolo Jo/pue

Mo (8v/S '%TT-S) %0L 8 [esbukieydosen

‘paynadsun

(12x40m a4edyyjeay

SA -J|9S) poylaw
uo3||0) "Ajlep sgems

MOT  (6/2/€9 '%8T-8L) %ET 6/C |esbukieydosen

‘SI9XI0M 21edyjesy
Aq pa123||0D Use|

599M BUO PIS(3.)

siuedipnued aanebsu

-1591 10 9|qe|ieAeun

Ajsnoinaad yim

'Sulaseq 1e pa3123]|0d

sgems |eabukieydolo

ERCEIETeleIN] pue [esbukieydosen

(92 L1y ‘Wiry-LT) %SE %9¢C1

‘paydadsun (Jayom
21edU3|eay SA -4[35)
POy W UOII||0D

fousnbaly papodaiun
e (sa. od J0J) 51591
2A11eb3U SAIINDBSUOD
OM] |3UN Pa3sa3-al
swoidwiAs padojsnsp
oym 1o gems anisod
UIM 3S0Y ] ‘gems
|eabukieydoseN

Mo (LL/6 '%TT-L) %EL LL

(N/u ‘1D
%S6) % uoniodoid
anewoydwAsy

Kouanbauy
pue uawidads 3sa)

seig
J01s1y

u sase)
+d2d

(Aue y1) 39suo

wodwiAs
1511} JO
gze skep 71 91ep wodi4
JUIAD
ainsodxa
vl skep |1z 20UIS
Ajoaidadsal
Kel-x 1sayd
|ew.ou
INOYIM pue
YlIM 850U 10}
skep €1-01
(uo uelpawl)
pajiodal aupuesenb AIEVE]
saniisod wodj ainsodxa
6.7 Aluo) abieydsip 193ye skep
Jeapun 1nun 7 wol4
skep
1 snoiaid
€LE skep £ UIyIM
(Aue 1) 19suo
woydwAs
1SJ14 JO
x4’ skep 71 21ep wol4
Kioasiy
dn-mojjoy woydwAs
woldwAs aulaseq
u paisal Jo yibua jo yybua

eaoudsAp

pue ‘ssa.asip 1sayd
‘Buniwon ‘easneu
‘eaoulelp ‘anbiey
‘BIX3JOUB 1IP0I 3OS
‘ayoepeay ‘elbjeAw
‘uoneloladxa
‘'ybnod Buipnppur ing
paypadsun sy (N4

(enbiey 1o ayde
9PsnW ‘sydepesy
'9Z93US ‘950U
Auunu ‘uondnJisgo
|eseu 1eody) alos
'sisfydowaey
‘uoneloldadxa
Buipnpur) swoidwiAs
Uuowwod Jay1o 1o
ea0yJlelp ‘yieaiq
JO SsauMoys
‘ybnod Uans4

SS9UR.0S 3aSNW
pue ssa|uiealq Jo
1Ioys UaAsy 'ybnod
Buipnppul ing
pandadsun sy (N4

Buniwon Jo
ea0ylJelp ‘elxaloue
Jnoineyaq Jo snieis

[EIUSW paJal[e Amau
'SSaUSS3|LIeaIq
Jo/pue ybnod

9N} MIN

120JY) 2J0sS ‘asou
Auunu 'ybnod Jana4

uoniuyap
ased onewoldwAs
ul papnjaul
swoldwAs

Sp402al
[e21pa

saljleuuonsanb
paseqg-1aulaiu]

syodal
[IP3IN

wes
Buisinu pue
[B2IPAW WO
uojewojul
pue Mainas
910U 3seD

aseqelep
wia1sAs
uoljewJoju
yijeay [euoneu
ay1 uo

spJodal [eubig

poylaw
JudWIssasse
woldwAs

9SED PauIljuod

10yod

01 pasodx3  aADads019Y

(S)ased xapul
0} pasodx3

(s)ased xapul
03 pasodx3

»ea1qino
awoy buisinu
03 pasodx3

»e31gIN0 01 3Ul|
|eaibojorwapida
Jo pasodx3

e
Bunsal

Enll]

aAINS

2oUB|I9AINS

Aanins
9ous|ersud
uiod |euas

2dUB|IPAINS

ubisap
Apmis

3(6/L) 3lewsy

%8 (€€-92:401
7€ abe uelpaw
:uone|ndod |esausn

(€v1/08=U 3wy
969G "S9SE2-UOU 10}
(85-S%L =401 LE
pue sased A1lepuodas
10} (£779-8'SE =40N
G'ct abe uejpaw
:uoie|ndod |esausn

€9/67=U)
dlewa) %9% (5'91=as)
€6 abe ueaw
:uone|ndod |esausn

o(76€/9v2=U)

9BWd) %79 (G 1
=401) £8 obe uejpaw
:sawoy buisinu

N0 JO SIUDPISDY

S(LL/5T=U)

Slewa) %SE (G567 =
JOI) €€ abe uelpaw
2ignd [eJausn

uondisap
dnoub juedpnaed

(0z02)
eulyd ‘o 32 buep
(0z02)
eulyy - °[p 33 nM
(0z02)

eulyd °fo 32 buepy

(0z02)

wopbury ‘I 33

pajun weyein

(0z02)

12Unig /o 33 meyd
Apnis jo

Anuno)y  aduassyay

Page 8 of 16



: 05 NOV 2020

266 Last updated

Wellcome Open Research 2020, 5

Mo| Auap

MO

91eISPON

Mo| Auap

MO

MO

seig
J01s1y

(6/9 '%88-GE) %L9

(SE/EL "%YS-€T) %LE

(POL/EE 'WLY-¥T) %TE

(6EL/LL '%61-8) %TL

(151/81 '%81-8) %CL

(6/0 '%80°0-0) %0

(N/u ‘1D
%S6) % uoiiodoad
anewoldwAsy

'SIIOM 34dU3EY
Aq par3j0d ZL

pue ‘g 'y skeq pue
‘auljaseq e sgems

|e128J pue eolyy

6 ‘leabuieydosen

‘SIIOM 34dU3[EaY
Aq paa)0) ujod

-swiy a|buls 1 gems

(<3 |eabukieydoseN

‘paiynadsun uonI3||0d

4O S|Ie3ap Jayning
‘suswipads wninds

o 10 sgems [eabukieyd

‘paynadsun

(SJ240M B1EDY3[ERY SA

J[9S) poyIaw uoid3||0d
fousnbaly paypadsun

1e sased aanisod Joy
Apuanbasans pue

SUl|9Seq 18 sgems

6EL |eabukieydoseN

1y12adsun uod3(j0d
4O S|Ie3Sp Jaynng
LGl suawiads Aiojedidsay

P

payodau

2Jom swoydwAs mau

41 pue Apnis jo Aep

1Se| pue 1Sl Uo gems

VA |eabuieydoseN

fouanbauy
pue usawidads 3531

u sase)
+ddd

Sle skep +71

8Ll skep og
“Adey

Apms u (0l-£

paje|os! ¥O1) skep

/e jou 0l uelpaw

ngdiys  (3sa11ea sem

uo pa3sa} 12AYDIYM)

LLZe  Apmis jo pua

‘Apnis oy Jo abieydsip

Jespun jnun

au||aseq 1e

JpewoldwAse

sjusned

104 Apnis jJo

€LSL pus [nun

(shep ze-€

abuel ‘6’7 :as

'T’0z=ueaw)

aupuesenb

woly

abJeydsip

Se8 1N

S6L skep 7|

dn-mojjoy

woldwAs

u paisal 40 yabuaq

aulaseq
wol4

aulaseq
woud

popad
aunuelenb
Jo buuuibaq
woi4

skep 1

(s)ased xapul
03 aJdnsodxa
20Ul

(Aue }1) 39suo
woydwAs
s} jo

21ep Wol4

fioisiy
woldwAs
aujjaseq
jo yabua

JEVET!
pue ‘eaoylouly.
‘eaoyielp ‘elbjeAw
‘asiejew ‘wninds
‘'ybnod ‘siobu pue

UOISNJUOD 13SUO MU
‘Sayoepeay ‘seibjeAw

pasea.nap ‘eaoylielp
‘uonsabuod eseu
"1e0JY1 2.0S ‘exodAy
‘41eaq JO SSBULIoYS
'ybnod 4ana4

paypadsun

Bupiwon pue
‘easneu ‘esoylelp
‘swoldwAs Jejndo
‘ejwisoled Jo
ejwsoue ‘ejsnabsAp
10 eisnabe
‘aypepeay 1eoyy
210s 'ezA10d ‘elbjeAw
‘eluayise ‘esoudsAp
‘ybnod Uana4

ayoepeay
pue ‘ssauybiy 1sayd
'41e21q JO SSAULIOYS
‘uted |eujwopge
/Buniwon ‘esoyielp
‘anbiie} ‘asou
Auund/Aynis 'ybnod
Jansy buipnpul ing

uled [euiwiopge pue
‘edoyJlelp ‘BuiIwon

4O SS0] IO ‘D1SE) JO
ss0| ‘aydepesy ‘uied
1592 Jo ‘Buizasym
'4yealq Jo Ssaunoys
‘Buiyresiq Ajnoiip
‘ybnod 1eolyy alos
10 ‘uonsabuod |eseu
‘asou AuunJ ‘anbey
10 'eibjeAw ‘s|jiyd
a3} Buipnpul ing

uoniuyap
ased snewoldwAs
ul papnjaul
swoydwAs

alleuuonsand

J4e3s buisinu
Ag mainizu]

SM3IAIRUI
[e21Ul> uo
paseq splodal
|e2IPIN

wioy
uonedyou
aseasip
SnondjUL

SpJodal
tpeay dand
pue [e21psN

Kieip
woidwiAs pue
aJieuuonssnb
pasiplepuels

poyzsw
juswissasse
woldwAs

diys

3SINJD UO (S)ased
pawu0d

01 pasodx3

ealgino
swoy buisinu
01 pasodx3

bujuaaids diys
sjoym - diys
3SINJD UO (S)ased
paWIuod

01 pasodx3

(s)asen
pawWJuod 03
Ajjeuonednido
pasodx3

seale ysi-ybiy
wody bujuinial
10 (s)ased
pauluod Jo
S1OEIU0D Ajluued

(s)asen
pawJjuod
4O S32B3UOD
p|oyasnoH

eI
Bunsay

10yod
aApadsoud

9DUB[[IBAINS

10yod
aAIDads0i19y
/DUE||IDAINS

9DUB|IBAINS

10yod
aAIDads0119Y

1J0yod
aADadsold

ubisap
Apms

(Ste/Lezl)

9lewsy %65 (0£-95
01 79 annebau
10} pue syueddied
anisod Joj (19-95
401 85 abe ueipaw
:uone|ndod [eiausD

(SE/72) 2PW) %69
(267, *401) 78 vbe
uelpaw :awoy buisinu
9UO JO S1uspIsay

(#01/0S)

3(ewWa) %8y (SL-LY

¥OI) 89 abe ueipaw
:uone|ndod [eiausD

(e£51/0101)

5|eWa) %179 ‘sieak
S obe ueasw
'SIDMIOM DIPdYI[ESH

SUNpe (S€8/01S) %19
(GEB/STE 's1eak 7>)
UBIPIIYD %6E HEP/LL)
3lewa) %6¢€ (L0
:gs) 91'g abe uesw
:uone|ndod |eiausD

(S61/66) 3Jewd} %1
's1eak +59 (561/8) %t
's1e9h $9-05 (561/62)
%S L 'siedk 67-81
(561/68) %9t ‘s1eak
81> (561/69) %SE
:uopendod |elausn

uondusap
dnoab jueddiied

buoy (0z02)
BuoH /o 32 Buny

(0z02)

VSN [0 32 [9red

(0z02) 10

uede[ 32 eyeqel

(0z02)

‘0 32

Aey  1psequo

(0z02)

eulyd ‘o ja enH

(0zo2)

°[b 32

vsn 3esnoA
Apnis jo

Anunoy  aduasaey

Page 9 of 16



: 05 NOV 2020

266 Last updated

Wellcome Open Research 2020, 5

dn-mojjoj/uonediyisse)d snies woidwAs Inoyim syuedpinied aanisod-yYod € Buipniaxa ., ‘syuedipiied dnewoidwAse spiemo) ajdwes buiselq 41om 03 31y, 9q 0}

JuaWaJINDaI 03 NP PIPN|IXD JJBIS 1, ‘BIEP JUBIDIYNSUI JO BSNeIAG papn|dxa syuedidiied g, 'SaUIOIIN0 [BJIUlD Ul PapN|aUl SYNPE INg Ajuo uaJp|iyd Joy soiydelbowap , ‘dn-mojjo} woidwAs Inoyim ased aaiisod
-4Dd OMI puB 3SED Xapul SIPN|IXa [ ‘/Ajuo Sanijewloude [ea1ulD Yiim aSoy3 Jo sased aAnisod-ydd Joj pariodad soiydesbowsap , ‘Ajuo syuedpied dnewoldwAse Joj pajiodas soiydelbowap ,, 'snieis woidwAs
uo paseq Ajjened sem pue dewalsAs 10U sem BuNSal LIS se papn|pul SIUSPISaL AJUO ¢ BUNS31-YDd D1eWISAS 10U pue swoldWAS eia palauap! Se sasAjeue JUasald WOoJ) PIPN|IXe 9SED BUO SaPN|PUI, 'SISED
9AIIS0d -4Dd 40} patiodad Ajuo saiydelbowap . ‘dn-mojjoy pasniad 1eyl sased aniisod-¥dd 61 buipnipuljou , '9)qissod jou bulioyuow woidwAs se ‘“Ydd dn-mojjoy 38 ¥Dd 2A1Isod pue auljaseq e Ydd aAiebau
UM 3SBD 2UO SIPNPIX3 5 ‘Bunsal Apnis apim-Aljioe) 1e aniebau sem 1ng 1591 aaIsod snoiasad Jo A103sIY pey eyl ased aU0 SapN(IXe  ‘9dUel4 Ul dn-pamojjol pue paie|os S1e3uod ysi-ybiy Ajuo sapnpul .

eaoylelp ‘Aljiqow
padnpal ‘Abieyya)
‘anbiiey ‘ssauris|e

(815/98¢) ajewa}

%7/ 44€3S 10} (95-G€)
[t PUB SJUBpISaJ I0)
(16-08) 58 suedided
aApnebau Joy ‘yels

10} (£5-8€) L7 pue
S)USPIS3L 40J (06-82)

‘Jyels Ag paida)||od pa3npal ‘uoIsnjuod J9yIom Gg syuedpiied
-}|9S pUE SIUSPISaJ 10§ 19SUO-MaU ‘BILUSOUR  UDJeasSal Ylm anisod Joy abe
SiaxIom a1edyyeay Ag '43ea1q JO SSAULIOYS ||e> auoyd »ealgino ue|paw sawoy (0202)
pa129]|0D Ul0d-aWin ‘1eoJyy 2Jos ‘ybnod Ajlep pue  awoy buisinu Buisinu g jo yeis ‘I 32
218I9POIN  (8SL/LL '%¥S-9€) %SH 851 2|buls 1e sgems |eseN 316 shep 1 skep i1 Jusisiad Uana4 193yseieq 01pasodx3  2due||IBAINS pue syuapisay N lueypeq
(€56€/6691) Sjeway
%EY (ES6E/1 1) S1esk
0L < %S (€S6€/156)
S1eak 0£- 1S %vT
annisod Ji wiea) ease (€S6€/7€5T)
‘SJ9yJom aJedyieay Bunsa Aunwwod 10B11-SNSUSD s1eak 05-81 %9
Aq pa13)j0D ulod 03 Joud Ag dn-mojjo}  Ad-sauul |ed0] e (€56€/1171) sieak
-awi3 3|buls e gems swoydwiAs pue auleseq  ulyym pakojduwis LL-LL %Y (€S6E/8L1L) (0z02)
|eSeU 3jeulqInI-piu sapnppul Ing 1e MaIAJBIU J0 ‘Buiapioq }J0yod sieah 01— %E *Ip 32
MO (08/€Z '%6E-07) %6C 08 Jo [eabuiieydoio £56¢ skepL  paypadsun paynadsun uosiad-ug quapIsay  aAIdadsold :uopendod |elausn vsn alwey)
9leWs} %9'8/-0°0%
WoJj SaWOY SSo.de
pabues uonnguasip
sawoy buisinu X3S ((901-81
10} swwelboid sbuel) 5'06-0'9¢
'SIDXI0M aIedY3eaY Aq bunss WI0J} SaWoy ssoude
pa323|0D “Julod-swin slabeuew 2ouajenrasd pabuel abe ueipaw (0Z02)
91buls Je suawipads aujjaseq 133} 1o ybnod auwloy aJed -uiod sawoy bujsinu °Ip 33
MOT  (€2/17 '%86-EL) %L6 €z en Kojesdsal saddn L shep 1 woJ4 SNONUIIUOD MAN  YIIM M3IAIRIU]  Ajioyine [e207  3due|IdAIng G JO SIUBPISDY N Buijaels
Jauonnoeid
|elauab/iadio
|edipaw Aq a|qelou sawoy buisinu
‘paypadsun uoid3||0d pawaap swoidwAs 10y dwwesboid ‘paydadsun |ierep
4O s|1e1ap Jayung 19sU0-Mau Aue Bunsay s1ydesbowsp Jaynn4 (0202)
(FLEL/TSE ‘Juiod-awin s|buls Je pue ‘esoudsAp 9ouajenrald ‘sswoy buisinu gz jo ‘[p 32
MO '%87-€7) %9T /€L gems [eabukieydosen 31/C skep /. skep /. ans) 'ybnod ASnnS  -uiod jeuopeN  @dUBlIBAINS JJEIS puUe S1UBPISaY puepl]  Asjjauuay
Kioasiy uonuyap
(N/U ‘1D dn-mojjoy woldwAs asedssnewolrdwAs poyaw
selg  9%56) % uonJsodoid U sase) Kouanbauy wordwAs aujaseq ul papnpul  JUBWISSASse eLId ubisap uondudsap  Apnis jo
Jo sy snewoldwAsy +32d pue uawidads 31s3] U paIsaL jo ysbua Jo yabuaq swoydwAs woydwAs Bunsay Kpms dnoub juedpnied Aiuno) aduaidydY

Page 10 of 16



Wellcome Open Research 2020, 5:266 Last updated: 05 NOV 2020

%

Author Year RoB Setting ES (95% CI) Weight
Other Epidemiological Link :
Tabata et al. 2020 Moderate Cruise ship — 0.32(0.24,0.41) 5.47
Hung et al. 2020 Verylow Cruise ship : ———— 0.67 (0.35,0.88) 2.99
Yang et al. 2020 Low Flight —_— 0.22 (0.06, 0.55) 2.99
Danis et al. 2020 Low Holiday chalet —0—;— 0.17 (0.03, 0.56) 2.43
Arons et al. 2020 Low Nursing home - : 0.06 (0.02,0.17) 4.97
Roxby et al. 2020 Low Nursing home T *> 0.40 (0.12,0.77) 2.19
Grahametal. 2020 Moderate Nursing home | —— 0.36 (0.28, 0.45) 5.53
Patel et al. 2020 Low Nursing home e 0.37 (0.23,0.54) 4.71
Ladhanietal. 2020 Moderate Nursing home : —_— 0.45(0.36, 0.54) 5.48
Park et al. 2020 Low Office -~ : 0.04 (0.02,0.10) 5.44
Luo et al. 2020 Low Various - 0.06 (0.03,0.12) 5.55
Chaw et al. 2020 Low Various -4—: 0.13 (0.07,0.22) 5.27
Wang et al. 2020 Low Various - 0.23(0.18,0.28) 5.77
Chau et al. 2020 Moderate Various : —_— 0.43 (0.27,0.61) 4.55
Lombardietal. 2020 Verylow Workplace (Hospital) —¢—! 0.12 (0.08,0.19) 5.58
Subtotal <> 0.23 (0.14,0.32) 68.92
1
Household Contact :
Wu et al. 2020 Low Household - 0.10 (0.05, 0.22) 4.99
Yousaf et al. 2020 Low Household ~— : 0.00 (0.00, 0.08) 4.97
Hua et al. 2020 Low Household - 0.12 (0.08, 0.18) 5.61
Subtotal <! 0.06 (0.00, 0.17) 15.57
1
Point Prevalence with Symptom Follow-Up :
Chamie et al. 2020 Low Community -:-*— 0.29 (0.20,0.39) 5.34
Kennelley etal. 2020 Low Nursing home |+ 0.26 (0.23,0.28) 5.92
Starling et al. 2020 Low Nursing home : —_—— 0.91(0.73,0.98) 4.25
Subtotal T‘O’ 0.47 (0.21,0.75) 15.51
1
Overall <> 0.23 (0.16, 0.30) 100.00
1

Figure 4. Meta-analysis results for COVID-19 asymptomatic proportion in community studies. ES (effect size) = asymptomatic
proportion; "2 = heterogeneity; asymptomatic proportions are given in decimal form.

p<.001 7= 0.23, I>= 95.76%) for point prevalence surveys with
symptom follow-up and without direct links to outbreaks/cases.
Data were limited for studies exclusively involving household
contacts or point prevalence surveys (both n=3 studies).

The funnel plot (Figure 5) and Egger’s test did not indicate
publication bias across studies included in the meta-analysis:
1=0.23, p=0.82, 95% CI: -0.97, 1.20.

Viral load and duration of viral shedding

Eight of the twenty-one included studies reported data
regarding the CT values/viral load and/or duration of viral
shedding for asymptomatic pre-symptomatic
cases and/or those symptomatic from baseline. Differences in
methodology and reporting precluded meta-analysis.

cases versus

Five studies reported CT values and/or genome copy number
by symptom status. One of these studies, Hung er al.*, found
lower median baseline genome copy number in asympto-
matic (3.86 logl0 copies/mL) than symptomatic participants
(7.62 loglO copies/mL). The remaining four studies all
reported similar CT values for asymptomatic and symptomatic
participants. Arons et al.'® reported similar baseline median
cycle threshold values (CT) for asymptomatic (CT =25.5),
pre-symptomatic  (CT=23.1), and symptomatic (CT=24.5)
cases. Infectious virus was isolated by viral culture from 33%
(1/3) of available asymptomatic case specimens, 70.8% (17/24)
of pre-symptomatic case specimens, and 65.0% (16/20)
for symptomatic case specimens'®. Chamie er al. (2020)*°
also found that median CT values across samples were
not significantly different between asymptomatic (CT=24,
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Figure 5. Funnel plot for meta-analysis of COVID-19 asymptomatic proportion in community studies.

IQR: 19-26) and symptomatic individuals (CT=24, IQR: 19-25).
Pre-symptomatic individuals appeared to have higher median
CT values if seronegative and similar values if seroposi-
tive, but numerical detail was not reported overall for this
group. Ladhani er al. (2020)” also found no significant
difference in baseline CT values between asymptomatic, pre-
symptomatic, symptomatic, and post-symptomatic (i.e. reported
symptoms in the two weeks prior to positive PCR result)
participants; exact values were not provided. Chau er al.”' also
reported similar baseline cycle threshold values for asympto-
matic and symptomatic cases, though further numeric detail
was not reported. When including all PCR results across
follow-up for asymptomatic versus symptomatic cases (includ-
ing negative PCR results), asymptomatic cases appeared to
demonstrate lower CT values overall, which was proposed
to indicate faster viral clearance’'.

Direct investigation of duration of viral shedding was limited.
Lombardi er al*® found that median duration from posi-
tive test to first negative test was shorter in asymptomatic
participants (22 days; IQR: 15-30) than symptomatic ones
(29 days; IQR: 24-31), but the difference was not statisti-
cally significant. Danis er al.”® reported that the single asymp-
tomatic case demonstrated the same viral load dynamics
as one of the five symptomatic cases, with respective viral
shedding periods of 7 and 6 days.

Age of symptomatic versus asymptomatic cases

Six studies’'***315337 reported information regarding the age
of asymptomatic versus symptomatic cases. Variation in meas-
urement and reporting precluded meta-analysis. Findings are
reported in Table 3. Three studies indicated no significant dif-
ference in age between symptomatic and asymptomatic cases,
while three studies suggested that asymptomatic cases tended
to be younger than those with symptoms. Five studies were
conducted in general population samples (contacts/potential
contacts of confirmed cases or returning travellers), and one
study was conducted in nursing home residents and staff with
results stratified for these groups. Only one study” reported a
substantial child sub-sample (<14 years old), and found a
higher asymptomatic proportion for infected children (23%
n=10/43) than adults (7%, n=8/108).

Discussion

Accurate estimates of the asymptomatic proportion of
SARS-CoV-2 infections depend on appropriate study designs
that systematically detect asymptomatic viral shedding and
follow these cases up to differentiate truly asymptomatic
infections from pre-clinical shedding. We calculated that an
overall estimate of 23% of PCR-confirmed SARS-CoV-2 infec-
tions in community settings were asymptomatic, with a 95%
confidence interval between 16%-30%. These findings do
not support claims®® of a very high asymptomatic proportion

Page 12 of 16
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Table 3. Reported findings for age of asymptomatic versus symptomatic cases.

Median age of asymptomatic versus symptomatic participants: 30 (range 16-
60) versus 27 (range 18-58)

Median age of asymptomatic and symptomatic participants: 26 (IQR: 25.5-
26.5) versus 33 (IQR: 29-45)

*note: very small asymptomatic sample (n=2)

Study Sample Findings
Chau et al. General public (contacts of
(2020) confirmed case or returning
travellers)
Yang et al. General public exposed to index
(2020) case on flight
Hua et al. General public exposed to
(2020) household cases or returning

from high-risk areas

Tabataetal.  General public exposed to

(2020) outbreak on cruise ship
Hung et al. General public exposed to
(2020) outbreak on cruise ship

Ladhani et al. Nursing home residents and
(2020) staff

23% of infected children (<14 years, n=10/43) were asymptomatic versus
7% of infected adults (n=8/108), with children comprising 56% (n=10/18) of
asymptomatic cases and adults 44% (n= 8/18)

Median age of asymptomatic versus symptomatic participants: 70 (IQR: 57-
75) versus 68 (IQR: 56-74)

Median age of asymptomatic and symptomatic participants: 57 (IQR: 47-59)
versus 68 (IQR: 59-68)

Median age of asymptomatic, post-symptomatic, pre-symptomatic, and
symptomatic residents: 84 (IQR: 78-90); 88 (IQR: 85-91); 84 (IQR: 80-91); 87
(IQR: 80-91)

Median age of asymptomatic, post-symptomatic, pre-symptomatic, and
symptomatic staff:
50 (IQR: 40-56); 54, (41-59); 38 (IQR 34-49); 40 (IQR: 26-55)

for PCR-confirmed infections (up to 80%) and highlight
the importance of distinguishing between asymptomatic and
pre-symptomatic cases. Heterogeneity in estimates of the
asymptomatic proportion, however, was partly influenced by
variation between testing contexts. Subgroup estimates range
from 6% (95%CI 0-17%) for household contacts, increasing
to 23% (95% CI 14-32%) for participants with other epide-
miological links to case(s) or outbreaks, and the highest esti-
mate of 47% (95% CI 21-74%) for point prevalence studies
not directly linked to contact(s)/outbreaks.

These findings should be interpreted with caution in terms
of the relationship between exposure and symptom sta-
tus®. The assumption that household contacts of index cases
may experience frequent and intense exposure with limited
protection compared to other groups, and conversely that par-
ticipants in non-outbreak studies may have more limited expo-
sure, could not be empirically verified in the present review.
Confidence intervals for subgroup asymptomatic proportions
overlapped substantially, and data were limited for both the
household contact and the point prevalence survey with symp-
tom follow-up categories (both n=3 included studies). Further-
more, the estimate for point prevalence surveys was affected
by one study” with a very high asymptomatic proportion
(91%); this estimate was likely influenced by the limited symp-
tomatic case definition of new-onset cough or fever. Estimates
for the other two studies were similar to the ‘other epidemio-
logical link’ category (26% and 29%). Only one of the point
prevalence studies with symptom follow-up®™ was conducted
in a general population sample. Furthermore, the ‘other epi-
demiological link’ category comprised a variety of study

testing contexts, including studies that combined household
contacts with participants with less intensive exposure, which
likely contributed to substantial within-category heterogeneity.
Despite these substantial limitations, further investigation
is warranted into variability in the asymptomatic proportion
across testing contexts as more data become available.

This effect of study context may partially account for dif-
ferences between the overall estimate of the asymptomatic
proportion in the current review and higher estimates from other
studies. Notably, early population-based data collected from
English households by the Office for National Statistics sug-
gested that only 22% (95% CI 14-32%) of the 88 individuals
who tested positive for COVID-19 thus far reported any
symptoms, rising to 29% (95% CI 19-40%) of the 76 indi-
viduals tested repeatedly®. Similarly, 69% of another English
community sample recruited regardless of symptom status
reported no symptoms in the seven days up to their positive
PCR result”. However, neither of these studies systematically
followed-up cases regarding their symptoms across the course
of infection, potentially overestimating the asymptomatic pro-
portion and precluding inclusion in this review. Furthermore,
findings were affected by the small sample size and conse-
quently wide confidence intervals due to testing at a period of
relatively low COVID-19 incidence in the population, as well
as potential false positive PCR tests leading to an overestimate
of asymptomatic cases. While some of these issues may have
impacted studies included in the present review, the care-
ful screening of study design and methodology done as part
of this review was reflected in the overall very low or low
risk of bias on assessed criteria for all but four included
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studies. An additional strength of our review is the systematic
search of both peer-reviewed published literature and preprint
studies which has enabled us to capture the most up to date
estimates available.

Although this review identifies PCR-confirmed cases, PCR-
confirmation and symptom-status alone cannot establish whether
cases are infectious and, if so, the degree or duration of their
infectiousness. Case reports, however, have indicated poten-
tial transmission of SARS-CoV-2 from some asymptomatic
index cases'*”?!. The balance of evidence regarding viral load in
the present review indicates that asymptomatic cases had simi-
lar baseline or overall median viral loads to pre-symptomatic
and symptomatic cases. Virological evidence suggests that
infectious SARS-CoV-2 can be isolated by viral culture from
samples with cycle threshold values up to 33, though the
proportion of infectious virus decreases at higher cycle thresh-
old values (i.e. lower viral load)*. While median baseline cycle
threshold values for all symptom status groups (23.1-25.5)
reported by Arons er al." fell well within this limit, infectious
virus was isolated from only 33% of asymptomatic baseline
samples, compared to 71% of pre-symptomatic and 65% of
symptomatic samples. These findings should be interpreted
with caution given the very small sample of asymptomatic
specimens (n=3). Overall, clear reporting of cycle threshold
values across follow-up by symptom status was lacking in
included studies. This is an important area for further research
given that the degree and duration of the infectious period
for asymptomatic cases, as well as the overall proportion of
virus-shedding cases that are asymptomatic, influence the
contribution of asymptomatic cases to SARS-CoV-2 transmission
at a population level.

Evidence regarding the duration of SARS-CoV-2 shedding
by symptom status was very limited, with two studies sug-
gesting no substantial difference in viral clearance times for
asymptomatic and symptomatic cases. Duration of shedding
varied widely between participants across all symptom status
groups in included studies. The sample of asymptomatic
cases in studies that reported duration of viral shedding also
tended to be small, and the natural history of viral excre-
tion by symptom status remains unclear. Further inquiry
into the degree of preclinical shedding for pre-symptomatic
cases, although not the focus of this review, is also war-
ranted. The contribution of asymptomatic and pre-symptomatic
cases to the overall spread of infection cannot be accurately
inferred in the absence of high-quality evidence assessing the
infectiousness of such cases*'.

Evidence was also split regarding age and symptom status,
with three studies indicating no difference in age between
asymptomatic and symptomatic cases and three studies indi-
cating that asymptomatic cases may tend to be younger than
those with symptoms. Samples in the present study — both
within the age-related analysis and in the meta-analysis overall
— tended to comprise primarily or exclusively of adults, and one
study with a substantial child subsample® found that a larger
proportion of infected children were asymptomatic (23%) than
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adults (7%). Further comparison of the asymptomatic proportion
for children and adults is required.

An important limitation of this review was the variability
between symptomatic case definitions across included stud-
ies. Only eight of the twenty-one included studies'®?*-2430:32.35.37

described the full range of symptoms included within
their symptomatic case definitions, while a further ten
studies 2023257293334 reported details of symptoms endorsed by

participants but did not specify whether or which additional
symptoms were assessed as part of their case definitions and
three'’'~* provided no detail. While a similar range of symptoms
appear to have been monitored/endorsed across most included
studies, it is possible that symptomatic case identification
may have been affected by reporting bias and consequently
that the true proportion of symptomatic cases was underesti-
mated. Notably, Starling er al.*> — the study with the highest
reported asymptomatic proportion (91%) — used a very lim-
ited case definition of new-onset cough or fever. The reported
proportion likely reflects individuals not meeting this case
definition and excludes cases with other symptom profiles.
This issue is particularly relevant given that unusual symp-
toms such as dysosmia/anosmia - only explicitly investigated
by four studies’****" - and dysgeusia/ageusia -only explicitly
investigated by two studies”* - may be the primary or sole
symptom for some COVID-19 cases”*. Demographic report-
ing across studies was also limited and it was not possible
to stratify findings by further demographic characteristics.
Estimates of the asymptomatic proportion may vary across
population subgroups and this is a relevant area for future
enquiry.

We included only studies with symptom-related follow-up to
prevent symptom status misclassification. However, overes-
timation of the asymptomatic proportion may still occur in
contact tracing studies initiated during established outbreaks,
such as Graham er al’*, if baseline symptomatic participants
are classified as index cases and systematically excluded
from the asymptomatic proportion. This review was also
limited to estimating the asymptomatic proportion of virologi-
cally confirmed infections. The asymptomatic proportion of
infection varies depending on whether infections are identified
using virological or serological methods*. PCR confirmation,
which identifies infection with viral shedding, is informa-
tive for modelling transmission potential. However, review
of the asymptomatic proportion of total infections based
on emerging serological evidence — which identifies infec-
tions regardless of viral shedding — will be informative to
understand how far SARS-CoV-2 has spread within populations
and investigate evidence of immunity following asymptomatic
infection®.

Overall, this review provides preliminary evidence that, when
investigated using methodologically appropriate studies, a
substantial minority of SARS-CoV-2 infections with viral
shedding are truly asymptomatic. These findings indicate that
testing should not be exclusively limited to symptomatic indi-
viduals. Further research identifying distinguishing features
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(e.g. age) and testing contexts for truly asymptomatic cases,
as well as their transmission potential, is recommended
to inform testing programmes. These findings also high-
light the importance of other public health measures, such
as promoting social distancing and wearing face coverings
in public places, regardless of symptom status.

Data availability

Underlying data

University College London Research Data Repository: A Rapid
Review and Meta-Analysis of the Asymptomatic Proportion
of PCR-Confirmed SARS-CoV-2 Infections in Community
Settings. http://doi.org/10.5522/04/12344135.v3*.

References

Wellcome Open Research 2020, 5:266 Last updated: 05 NOV 2020

This project contains the following underlying data:

e Asymptomatic meta-analysis V2.csv. (Data used to
conduct meta-analysis of asymptomatic proportion.)

Reporting guidelines

University College London Research Data Repository: PRISMA
checklist for ‘A rapid review and meta-analysis of the asymp-
tomatic proportion of PCR-confirmed SARS-CoV-2 infections
in community settings’. http://doi.org/10.5522/04/12344135.v3*.
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