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Background: SARS-CoV-2 RNA has been detected in fomites which 14Jun 2021

suggests the virus could be transmitted via inanimate objects.
However, there is uncertainty about the mechanistic pathway for such  version 2

transmissions. Our objective was to identify, appraise and summarise  (yqyision) v ‘/

the evidence from primary studies and systematic reviews assessing 26 May 2021 e e

the role of fomites in transmission.

Methods: This review is part of an Open Evidence Review on ion 1 2 2
Transmission Dynamics of SARS-CoV-2. We conduct ongoing searches Zf;::g& vi;vv v“;w
using WHO Covid-19 Database, LitCovid, medRxiv, and Google

Scholar: assess study quality based on five criteria and report RS
important findings on an ongoing basis. 1. Emanuel Goldman "=, New Jersey Medical
Results: We found 64 studies: 63 primary studies and one systematic School, Newark, USA

review (n=35). The settings for primary studies were predominantly in

hospitals (69.8%) including general wards, ICU and SARS-CoV-2 2. Ana Karina Pitol Garcia "=, Imperial College

isolation wards. There were variations in the study designs including
timing of sample collection, hygiene procedures, ventilation settings
and Cycle threshold. The overall qUaIlty of reporting was low to Any reports and responses or comments on the
moderate. The frequency of positive SARS-CoV-2 tests across 51
studies (using RT-PCR) ranged from 0.5% to 75%. Cycle threshold
values ranged from 20.8 to 44.1. Viral concentrations were reported in
17 studies; however, discrepancies in the methods for estimation
prevented comparison. Eleven studies (17.5%) attempted viral culture,
but none found a cytopathic effect. Results of the systematic review
showed that healthcare settings were most frequently tested (25/35,
71.4%), but laboratories reported the highest frequency of
contaminated surfaces (20.5%, 17/83).

Conclusions: The majority of studies report identification of SARS-

London, London, UK

article can be found at the end of the article.
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CoV-2 RNA on inanimate surfaces; however, there is a lack of evidence
demonstrating the recovery of viable virus. Lack of positive viral
cultures suggests that the risk of transmission of SARS-CoV-2 through
fomites is low. Heterogeneity in study designs and methodology
prevents comparisons of findings across studies. Standardized
guidelines for conducting and reporting research on fomite
transmission is warranted.
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Introduction

The SARS-CoV-2 (COVID-19) pandemic is a major public
health concern. According to WHO statistics, there have been
over 90 million confirmed cases and over two million deaths
globally as of 18th January 2021'. Although many national
governments have implemented control measures and vaccines
are now being approved and administered, the rate of infec-
tion has not subsided as anticipated. Understanding the modes of
transmission of SARS-CoV-2 is critical to developing effective
public health and infection prevention measures to interrupt the
chains of transmission’. Current evidence suggests SARS-CoV-2
is primarily transmitted via respiratory droplets and direct
contact’, but other transmission routes have been suggested —
aerosol and fomites.

While the respiratory, airborne, and direct contact modes
of transmission have been investigated in detail, the role of
fomites in the transmission of SARS-CoV-2 is less clear. Find-
ings from previous systematic reviews have shown that viruses
from the respiratory tract, such as coronaviridae, can per-
sist on inanimate surfaces for some days’, and it has been
suggested that SARS-CoV-2 can be transmitted indirectly
through fomites or surfaces’. However, some authors have
reported that there is a low risk of transmission of SARS-CoV-2
through fomites®” and others have reported that the risk of
such transmission is exaggerated®.

Several studies investigating the role of fomites in SARS-CoV-2
are now being published but the evidence from such studies
has not been systematically evaluated. The objective of this
review was to identify, appraise and summarize the evidence
from primary studies and systematic reviews investigating
the role of fomites in the transmission of SARS-CoV-2.
Terminology for this article can be found in Box 1.

Box 1. Terminology

Fomite: Object or surface contaminated by infected droplets.
The contamination can occur through sneezing, coughing on, or
touching surfaces'

Viral load: A measure of the number of viral particles present in
an individual®

Cycle threshold: The number of cycles required for the
fluorescent signal to cross the threshold. Ct levels are inversely
proportional to the amount of target nucleic acid in the sample’

'World Health Organization. Q&A: How is COVID-19
transmitted? https://www.who.int/vietham/news/detail/14-07-
2020-g-a-how-is-covid-19-transmitted

2https://www.cebm.net/covid-19/sars-cov-2-viral-load-and-the-
severity-of-covid-19/

*https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7521909/
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Methods

We are undertaking an open evidence review investigating
factors and circumstances that impact on the transmission of
SARS-CoV-2, based on our published protocol last updated
on the 1 December 2020 (archived protocol: Extended data:
Appendix 17; original protocol: https://www.cebm.net/evidence-
synthesis/transmission-dynamics-of-covid-19/).  Briefly,  this
review aims to identify, appraise, and summarize the evidence
(from studies peer-reviewed or awaiting peer review) relating
to the role of fomites in the transmission of SARS-CoV-2 and
the factors influencing transmissibility. We conducted an ongo-
ing search in WHO Covid-19 Database, LitCovid, medRxiv,
and Google Scholar for SARS-CoV-2 for keywords and
associated synonyms. The searches for this update were
conducted up to 20th December 2020. No language restrictions
were imposed (see Extended data: Appendix 2 for the search
strategies’).

We included studies of any design that investigated fomite
transmission. Predictive or modelling studies were excluded.
Results were reviewed for relevance and for articles that
looked particularly relevant, forward citation matching was
undertaken and relevant results were identified. We assessed the
risk of bias using five domains from the QUADAS-2 criteria'’;
we adapted this tool because the included studies were
not designed as diagnostic accuracy studies. The domains
assessed were: (i) study description - was there sufficient descrip-
tion of methods to enable replication of the study? (ii) sample
sources — was there a clear description of sample sources?
(iii) description of results - was the reporting of study results
and analysis appropriate? (iv) risk of bias - did the authors
acknowledge any potential biases, if yes were any attempts
made to address these biases? (v) applicability — is there any
concern that the interpretation of test results differs from the
study question? For each bias domain, the risk was judged as
“low”, “unclear” or “high”. We extracted the following
information from included studies: study characteristics, popu-
lation, main methods, and associated outcomes including the
number of swab samples taken with frequency and timing
of samples, and cycle thresholds and samples concentrations
where reported. We also extracted information on viral cultures
including the methods. One reviewer (IJO) assessed the risk
of bias and extracted data from the included studies, and these
were independently checked by a second reviewer (EAS). We
presented the results in tabular format, and bar charts used to
present the frequency of positive tests. Because of substantial
heterogeneity across the included studies, we did not perform a
meta-analysis.

Results

We identified 709 non-duplicate citations of which 91 were
considered eligible (Figure 1). We excluded 27 full-text studies
because they did not meet our inclusion criteria (see Extended
data: Appendix 3° for the list of excluded studies and reasons
for exclusion). Finally, we included 64 studies: 63 primary stud-
ies and one systematic review (see Extended data: Appendix 4;
characteristics of studies in Table 1 and Table 2°).

Quality of included studies

None of the included studies were linked to or mentioned a

published protocol. The risk of bias of the included studies is
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Records excluded

Full-text articles excluded,
with reasons (n = 27)
Did no assess fomites:&
Assessed viral stability: 6

Mot a systematic review: 4
Airborne study: 3

Re-infection study:1
Aerosal: 1
Close contact: 1
Referred to other studies: 1

Determined infectivity: 1

=
.2_. Records identified through Additicnal records identified
i} database searching through ather sources
E {n=T729) n=3)
=
o
=
J k. r
R Records after duplicates removed
[n=707)
b= ]
£
=
2 3
@ Records screened
(n =709} i (n=618)
] r
Full-text articles
E assessead for eligibility
2 {n=91)
E
w
F
_— Studies included in qualitative
synthesis
) (n = B4: B3 primary studies)
=
& b
=}
3 Studies included in
= quantitative synthesis
{meta-analysis)
- {n=0

Unclear methods: 1

Figure 1. Flow diagram showing the process for inclusion of studies assessing fomites transmission in SARS-CoV-2.

shown in Table 4. Less than half of the studies (47.6%)
adequately reported the methods used, and none used methods
to minimise bias. The overall quality of the studies was rated
low to moderate (see Figure 2).

Reviews

We found one ‘“systematic review” investigating the role of
fomites [Bedrosian 2020] (Table 2). The authors searched two
electronic sources - articles were last downloaded on July 10,
2020. There was no published protocol, and the authors did
not assess the quality of included studies. A total of 35 relevant
studies were included. Over half of the studies (25/35, 75%)
were conducted in healthcare settings, and four compared
environmental contamination before and after standard
disinfection procedures. No study assessed viral infectivity or
viability, but all tested the presence or absence of SARS-CoV-2
RNA.

Primary studies

We found 63 primary studies (Table 1). In general, the studies
did not report any hypothesis but investigated epidemiological
or mechanistic evidence for fomite transmission. Forty-one
studies (65.1%) were conducted in Asia, 15 (23.8%) in Europe,
five (7.9%) in North America, and one each in Africa and South
America (1.6% each). A total of 44 studies were conducted
exclusively in hospital settings, two in hospital and quarantine

facilities, three in the laboratory, and the remaining in other
non-healthcare settings (public places, community, banknotes,
workplace, cruise ship, quarantine rooms and hospital outdoors).
Four studies were conducted exclusively in ICU and another
three in ICU plus hospital wards. Five studies used before and
after study design.

In 59 studies (96.7%), fomite transmission was examined in
high-frequency touch surfaces (Table 1); the remaining four stud-
ies examined circulating banknotes (1), disposable chopsticks
(1) hospital staff PPE (1), and unspecified (1). The timing and
frequency of sample collection and disinfection procedures were
heterogeneous across studies (see Table 3). Fourteen studies
(23%) performed sample collection before disinfection
procedures, five studies collected samples before and after
disinfection procedures, while 11 studies collected samples
after disinfection. In 33 studies, the timing of sampling in rela-
tion to disinfection was not specified. In one study [Ryu 2020],
disinfection procedures were not performed as required
because of a lack of PPE and staff being afraid of contracting
SARS-CoV-2. The number of samples per study ranged from
five [Jin 2020] to 5400 [Marshall 2020].

Eleven studies (17.5%) set out to perform viral cultures; nine
of these utilised the Vero E6 cell lines method while two did
not specify the method used (see Table 1). Thirteen studies

Page 5 of 43



F1000Research 2021, 10:233 Last updated: 24 MAY 2022

'24Ns0dxa Jo

uopelnp ay3 Jo ssajplebal ased xapul ayy
10 3J2IgN2 dUleS 3yl ulyam pakes pey
oym siuaned pue 3dd a1elidoiddeur yim
juaied ased e Joj aled papiroid pey oym
SMDH Se paulap ‘@insodxe padaloldun
Y1IM 3SOY31 03 P33l 10eIU0D 3S0|D

'SKep G Ja1e paniasgo 34D

'S||92 93 0J3A :pOYIdW 34NN |RAIA
‘saoeds djgnd

Ul 3Z1B120S pUE [910Y 33 punoJe arow
01 994} 9J9M Ing 'AjlWey e Se Jo auoje
I3 swood a1eald ul pakels siuaied

"e211Jy YINOS Ul MO| 919M S9SED
[e21Ul]D 3ARDE pariodal 3yl UBym 0Z0Z
Jagula1das ul 921m) auop sem bujjdwes

9uUBIBAY |euosiad yum (Aipeded eiol jo
%05 buiAiied) bupuelsip [e1D0S uleIuleW
'Syjsewl buleam adnsus 03 pa1einbal
aJ4om Aioyine 1odsuey ADJsaul “SISAIP
MBUSYDIJ 01Ne puB SI0PUIA 13¥21 ‘sdoys
[1e19J WOJ} P129[|0D S49M SUOIBUILIOUSP
Buikien Jo se1ouxueq bupenoin

aAnIsod palapisuod
0t>1D "eale paiejndod Ajpsuaq

SaI0N

ON pa1odal 10N

ON 44

sajdwes |z :s92eds dijgnd
so|dwes |z :wooJ [910H

sjuaned 61-AINOD
piw pue >nnewoldwAse
10} [930Y dunueiend
sajdwes 1, :paJo buiffoq
sa|dules g :uoizn3s asinpN
sa|dwes 1 :533J107 S,3U31I0d
SOA sajduies
€| :DAISEAUI-UOU PUB DAISBAUI)
swiood ,syauaiand paojiauap
sa|dwes |z :((uonipuod pjiw Ul
syusned €-|) swood Juaiind
sjeadsoH
40 s31un uoije|osi 61L-AINOD
‘gems Aup | snid sqems
19M 7 :Aj2Jus paggems
aJam s1oa[go Ja|jews

ON 89
paggems
ON uone|NJJI WoJj 310UNUeq

42e3 JO S3PIS L10g 1058

ON L0l

ain3nd
[edIA

uayel
sajdwes gems jo JaquinN

4oUaQg MOpUIM pue “Iasuadsip joyodje
'3|ge1 paq Usx20] ‘|led apispag ‘youag

|EIUSUIUOIIAUD
'pJe0gAay ‘9snow ‘suoyd ajigow Jsuueds
apodJeq ‘auljpueT :$a2elns yanol-ybiH

193|1) buydwes Jie ‘doy

uIq yseJ3 ‘s|puey Joop 10o|4 :natp Buiffoq
93l

Buijdwes Jie ‘Jnd dg Js1suowlayl d11d9)9
"J919W0on|b ‘auoyd sjiqouwl Jjeis ‘asnoul
J9indwod ‘do) youaq 00| suoInls asinp
3|puey Joop

'dlIb 3|puey 1835 33|10] 533/103 S,3U3IID]
13114 buljdwes Jie ‘dol yosusq

‘doy uIg yseJa ‘a|gel apispaq ‘auoyd ajigowl
JJe3s ‘asnow Ja3ndwod Jjeis Joje|iusa
‘S|puey 120Nk} ‘s|ied pag :6L-@IN0D 349A3S
e

Buldwes Jie Jaxem spusned ‘sasse|baks
‘'ssuoyd ajigow ‘a|puey 193ney ‘9|qel
9pISpaq ‘s|ied paq 00| :6L-AIN0D PIIN

uiseq puey ysem uj del pue Joop ap21gnd
10 4o3e] |Ind |eUIIUI '13]10) Y JO JUOI) Ul
9DBLINS JOOJ} 18IS 139|101 ‘9|puBy UIdIS)DH

soidwies

|jeabuiieydoseu annisod z-A0D-SHVS
YaIm payjids sa10uyueq a|genssi-uou 9
uoneNJD Ul S:0uUsueg

saJenbs 21gnd ul ss|qey
pue saydua(q € 'sjeujwlal snq ¢ 'siendsoy
8 JO 3|EM3PIS JOOP-1UO.J ‘'SUOIIeIS SNQ G |

S3}1W0} JO S3IAN0S

buoy buoH ‘|eadsoy ui
SDUB||ISAINS [EIUSWUOIIAUT

ureds
Aiolesoqge

|2eJsy ul Ajipe) sunuelenb
QU0 pue sjendsoy om Ul
S)UN UOIe|OS! 61-AIAOD

020z Jequa1das
B2V YINOS Ul SJUSWS|1I9S
|ewJoul uegan-ad z

pouad yauow
-€ e J3A0 ysape|bueg
1O S1DLISIP UJBYINos ¢

0z0z |Hdy
lizeag
eaJe ueqJn ul sade|d 21gnd

buias

‘sosiIaIIRIRYd Salpn)s Alewiad ‘| 3|qeL

0z0z Bbusyd

0c¢0¢ =slolgd

0¢0¢
[aNWys-uag

0¢0¢ yeowy

0¢0¢ 1My

0¢0¢ oeyelqy

(g9=u)
a1 Apnis

Page 6 of 43


https://www.medrxiv.org/content/10.1101/2020.05.07.20094631v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.11.26.20233627v1.full.pdf
https://assets.researchsquare.com/files/rs-89199/v1_stamped.pdf
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30532-2/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30532-2/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7227510/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137535/

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

‘Allep 321M1 PR1DNPUOD Sem

SWI00J 93U JO UOID3JUISIp pue bujues|d
‘UOIDBJUISIP 2J0Jaq auop buldues

"3dd PasN SMDH |1V '8€-/EJ01D e 1e
aAllIsod Apjeam pue ‘geS 1) e Je aAlIsod
se paulap sem ajdwes v 'syusned Q|

‘sainpasoud

uoneznjues AJRUIPIO-BIIXS J21je 7|
pue sainpadoid uonezpiues Aleulplo
-BJIX3 910J3q Pa103||0D aJam sajdwies
2L 'Sy t7¢ - Rep pug ‘uoidsjuIsip
Jye siy gl - Aep s, :buidwes

"Idd 2Jom yeis ||y ‘Buiuespd usye
SINoy uaAds pawloyad sem Bulduies
‘uooulayje pue Bujuliow ayy U Ajiep
92IM) saunpadold bujues)p piepuels

skep / 18 paAIaSgO 3dD

‘3Ul| [|92 93 0J3A :pOYIdW 34N NI [eAIA
‘Bujuespd

J31e sinoy 7 Aj@1ewixoldde ‘uoou |
punoJe pawloyiad alam sgems Inoy
Jad sawinjoA £ AjjeaidA1 si spaem Jno ul
abueyd iy ‘a2e|d Ul 34am sainpad0.d
Bbulues|d piepuels ‘3dd pasn siuaned
10 2JeD 103JIp 9Y3 Ul POAJOAUI SAMDH

*92e|d Ul aJam saunpadoud
Buiuea)d piepuels “3dd pasn siuaied
40 9B 103JIP Y3 Ul PIA|OAUL SMOH

noy Jad ssbueyd Jie 7|

"UOIIDBJUISIP [PIUBWUOIIAUD
Ajlep 2Jojaq pa123||0d aJam sajdules
Jnoy Jad sabueyd Jie z| suaned |z

Sal0N

ON

ON

ON

SoA

ON

ON

ON

24n3nd
|edIn

L0l

144

a4

9¢

9l

144

LLE

sajdwes qems jo JaquinN

aseasip

-SN0[I234Ul dUJIOgJIE 3y Ul S9eds Jaylo
pue ‘WaisAs buluonpIpuod-iie ue ‘Jopliiod
e ‘uonels buisinu e ‘'swooJ uope|os| JNo4

sumob
3|gesodsip sisew [e2164Ns ‘pag Jo W | Uiyim
|lem pue Jooj} ‘moj|id pue s193ys ‘|led pag

SaAJ2ys asnoyaJlem pue 100p
puUe BaJe 3SINU JOPLIOD PJBAA BPISINO

pleogpesy paq pue
JUIS WOOJYIeq '8|ge] apIspag 100|H :@pIsu]

uswdinbs yeis
'Jdd ‘Adetsy1 usbAxo moj-ybiy ui usied jo
W00 1BW[aY d¥dD Yiim sjusned Jo swooy

sauoyd 3jiqol :sbuibuojaq jeuosiad yeis

skajj0J1 Adesayl ‘se|puey

JOOp ‘sgel ‘sialaweled pue sueyd |edipaw
'SpJeogAay JaIndulod ‘sysap Huls pue
3|ge1 usydyf :2bunoj ,sasinu pue S1030Qg
S92RJINS ||eM ‘se|puky

UIS ‘SI9A0D JBUIEIUOD DISEM ‘S9|pury
100(J :SWO00J sjuaiied Jo suU0z Jayng

JUBA ISNeyxa Jie
‘ysni} pue 1ess 139|103 UIeyd ‘Yd3UMS D140
‘3]ge1 delpJed ‘s|puey JaXdo| ‘|ledpag Joo|4

auoyd ajigow sausned ayl pue ‘ajpuey
100p 13]101 '3|ge1 pag Uax20| ‘|ied pag

S3}1W0J JO S3IAN0S

020z AenigaS
eulyd 'buifuen
10 [eUdsoH puodas ay |

020z Ae
Ajei

uun aJed
SAISUSIUI-UOU 6 L-dIAOD

|eudsoy ueljer
Ue JO pJem 61-QIAOD 21NV

Ajey ur jeydsoy
e Jo yun Aouabisw3g
95e35Ig SN0NIBLUT

0z0z Aeniged 67 03 LT
Ajel ulsyuoN
ul [eudsoy |ediasey

aJodebulg

sjusned
pa1234ul Jo Swool [eidsoH

0207 Yd1eN-Aienuga-
euIyD Ul SYITY [endsoH

buias

0z0z buig

0¢0¢
puawisPaqg

0¢0¢ B023v,d

e0c0¢
1Jaue|od

0¢0¢ H4auejo)

0c¢0c¢ BlYD

e0Z0Z busy)d

(g9=u)
ar Apnas

Page 7 of 43


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7327164/
https://www.nature.com/articles/s41467-020-16670-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7156210/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243766/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243766/
https://www.europeanreview.org/wp/wp-content/uploads/9202-9207.pdf
https://www.mattioli1885journals.com/index.php/lamedicinadellavoro/article/view/9991/9108
https://www.mattioli1885journals.com/index.php/lamedicinadellavoro/article/view/9991/9108
https://europepmc.org/article/med/32891988

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

%19
Alpiuny aAie[@l uesw ay3 Do/ | Sem
sAep bujjdwes uo ainesadwal uesy

‘€z aunf 01 g7 |dy
WOJ} S81IS ||e SSOJDe Saydnol puey-aleq

18/ pue ajdoad G181 JO P10} B PRAIRSIQO

S91IS SSOJDE S92BLINS Ul SaWf
€-1 pa123||02 sajdwes "NDI Ul Y ¢ Auans
pa12e SEM UOIID34UISIp auiNoy "aARIsod

Se PaJapPISUOD SEM Q> dNJBA 1D 'S|DAJ)
uond04d JUaJaYIP YaMm sjeadsoy € ayL

paly2ads 10N :poyraw aunjnd |eJIA

‘(uoouJaye

pue bujuiow) Ajlep 921m1 pawiojiad
sem bujuea)d pJepuels ‘3dd pasn Jeis
[V "Inoy/sa|pAd 0z Jo 21ed abueyd Jie
UB UM S9X0Q 93 01 BaJe |eJ1uad syl
WOJJ UONBINDID YUM ANDIID MOJ) JIe
ue pue ed Q|- Jo ainssaid aapebau
Yum paddinbs a1em suun NI 8yl IV

,SAep |eJaAdS, J91je PaAISSO 3dD
'S||92 93 OJIA :pOYIBW 4NIND |eAIA
‘pawopiad

Sem s|elialew Jo spoyaw bujuesp jo
uoneziaeleyd oN “IN0 PaLIed sem
Buljdwes |[eIusWUoIIAUD pasIpiepuels
ON ‘Sp|oyasnoy paunuelend)

S9I0N

ON

ON

ON

ON

SOA

ON

SoA

ainynd
1edIn

0/ :S92e4ns 2l|gnd

"SH|EMSSOUD pUB ‘X0q 2210 1sod

'3101S 92USIUSAUOD QURINEISDI “lewoipune|
‘uonels seb ‘au103s A19d0ub ‘edueiius onaw
'jueq ‘24015 Jonbi| ‘ued ysei e 3ealqino
ue BulINp Z-A0D-SYYS YlIM Pa1eUIWIeIu0d
30 01 A|2y1| S92elNS snoJoduou yonol-ybiy

8¢

S193N0 Jie pue quawdinba aApda104d
SOl |euosiad ‘sysew uaied ‘sjedpuey pagydIs
'sued yseJl ‘921w 421ndwod ‘sJooj4

oel
pJodaJ [EDIpaW ‘|ledpuey ‘ajeds buiybiam

(4 ‘Kem abessed ‘peaypaq ‘|euldn * UoRels
,S3SINU ‘paeoghay JoIndwod ‘spuey 100

ss|puey

J00p Aijus pue siolesabiiyal ‘'siieyd

G 'S3|qe) 'SPIe0qASY iSPaUp 33IAI3S dijqnd

3|puey Joop Ulew ay) pue 'sa|puey uano
pue abpuy 'sagni 21sedyioo] :spjoyasnoy

dnd pue ‘a|puey 91393 400y apIspag ‘peay
SJualled ay3 aA0ge ||em SpIspaq ‘9|qel
3pISpaq ‘s|iedpaq 19ays pag ‘Mmoj|id ‘|amol
‘dnd ysemyinow ‘ysnigquiool siusned
:W00J UOIID|OSI 3Y3 Ul SAIDLINS dIDALIJ

190ney
c0c puUe ‘'uo1Ng Ysn|) 12|103 1eas 13103 ‘Ulelp
J100J} A101eAR| 00|} AI0IBAR| ‘B|pUBY JOOP

AiojeAe| ‘s|puey MopuIM ‘s3|puey 100

:WooJ uoIIn[oS] 3y} Ul sAIVLINS 1jqnd

ZE | 1S92BLINS 91BALd

3N} |eayde.y Jauieiuod aisem ‘bulls

'wsAs Alddns usbAxo ‘sspoJidsje DI ‘UNd

dg “iseul anjeA beq 1oie|nuan ‘ssaijew ‘el

201 paq 'pPaq ‘Yduaq 3|ge] ‘B|0S B0YS SIHIOM
NDI ‘a|puey Joop ‘ued ‘dwnd uoisnjiad

'190Ney 3uls ‘asnow Jandwod 'pieoghsy

J2Indwiod ‘suoydaal Jieyd ‘qous| 1ooq

Buiyio|d ‘spup
6L1L pue pooH ‘ainiiuin4 ‘sjewiue pue syueld
‘'S9|puky pue Sqouy ‘S8dIASP DIU0.123|3

uayey S9}1W0} JO S324N0S

sajdwes qems jo saquiny

020z dunf-ydJep
VSN ‘speasnydesseln

S35S8UISNQ [BNUSSSD
pue suoiedo| dignd

0202 'z Yaiein
ybnouyy g1 Aueniga4

eulyd
‘ueynp ‘sptepa [endsoH

020z Aseniga

(pJem [eadsoy snid
NDI) slendsoy Jusiayip
€ Ul spJem |e3dsoH

0202/90/50
pue 0Z0Z/S0/E L
3cuajersld 61-AIAOD
ybiy e yum ureds ul
AUNWWOD [eJnJ pa1e|os]

0¢0¢/€0/50 01 0¢0c/co/el
euIyd

SpJem uojie|os|

|eudsoy uj seoeyns
payonol Apusnbai

020Z Iudy £ 0391
AK1I9ASS 25e3SIP JO

[2n3] yb1y pey susied |1y
uleds ul ND1 delpJed

e pue NI asodindnn|

0202 Y21BeN Ul

Qw3 Jo jJulod 3ey3 38 UMoUy|
61-AIAOD 03 plebal yim
121sN)2 3dusjersd-ybiy
153b.e| 15414 S,AUBWLIRD
Yum bumss Alunwiwod
2oua|enald-ybiH

bunias

020z Aeney

0¢0c onNS

0¢0¢ =5

0¢0¢ elsN-9p
-zapueuia

020z buad

0¢0¢
0Japnos3

0c0c elyod

(€9=u)
ar Apms

Page 8 of 43


https://www.medrxiv.org/content/10.1101/2020.05.28.20114041v1.full.pdf
https://icm-experimental.springeropen.com/articles/10.1186/s40635-020-00349-5
https://icm-experimental.springeropen.com/articles/10.1186/s40635-020-00349-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7446651/
https://onlinelibrary.wiley.com/doi/10.1111/tbed.13817
https://onlinelibrary.wiley.com/doi/10.1111/tbed.13817
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7375302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7323510/
https://www.medrxiv.org/content/10.1101/2020.10.27.20220905v1.full.pdf

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

3AISOd PaIaPISUOD SeM GE>ID)
‘Sa111|ID8) SSew Ul sainpadoud buiuespd
pue uopdajuIsip Jold oN 'sjeldsoy
W04} Pa103|02 2Jam sajdwes 210jaq
SI23UDD Y3|eay |ed0] syl Ag pawiloyiad
us3q pey buiuesp pue uond3JUISIg

'saonoeld

3UaIBAY puey MOJ|0) pUE SHSBW JBeam
01 pabeinodua sem |e1dsoy ay ul
SUO0AIBAS pUB Jdd Pash Jels [edIpan

Buiuespp sunnol

40 uon3|dwod ay3 Jaye sunoy g auop
Buijdwes '3dd a1om yess ||y Ajiep sswi
92141 paueapd Ajpunnod sem NI YL

aanIsod
PaJ9PISUOD Sem Q7> 1D siusned ¢

‘syuaned G|,

usyel
aJam sajdwes 210jaq asde|a 01 pamo|e
Sem | 17 JO aW} WNW|UIW e 'seale 9say}
JO SQBMS 404 "9IM] Seale UO[Ie}S ,Sasinu
pue Ajlep 92UO0 PaUL3|D 3J9M SWOOJ
juaned 61-gIAOD "UBJD JUS3J JSouUl
wloJy aw jo abessed Ag pauiwlialep
sem sa|dules gems 23e4ns jo bujwi]

"9AeH3U B Se paulsp Sem o<

10 3NnjeA 1D ‘aAlIsod se paulep sem /£
3N[eA 1D "UONIBJUISIP AU9AS J31e U 17
Ulyam uasiel aJam sajdwes uanbasgns
‘uonew.uod ased Jaye Y ¢ ajdwes

1S| - sowWn € pajduwies a1am Salis ||y

S9I0N

ON

ON

ON

ON

ON

ON

ON

ON

ainynd
1B4IA

08

0¢e

c

ocl

18

o

iZ4

uayel
sajdwies gems jo JaquinN

‘lexdsoy aya Ul syusned

61-AIAQD JO S9IM|I2B) [PUNWILLIOD PUE (3|pUey
J0Op pue ‘siieyd ‘s|ielpag ‘ssuoyda|ad)
SpJem Ul S90epNS payanol Ausnbaig

(S49]|02U0D 310WI AL puB

'swodJa1ul ‘sauoyd (192 “68) S93IUWI0 JI3YI0
pue 13]101 3Y) “HUIS WooJyleq ayy ‘ss|puey
J00p 100}4 343 ‘s)ed [edIpall ‘s|ied pag

UO[IEIS S95INU 943 18 pIR0gASY|

121NdW0 ‘U0IILIS SPSINU 3Y) JO 9IBLINS
%Sap 'sa|puey Joop ‘eale piem sjusned jo
90BJINS 3S9p ‘Paq spusned syl uo SISy

|[9MO03 ‘}93S JSA0D 19ANP

J9A0D MO||Id ‘10wl AL US19WOoULIBY)
‘a|puey ysnyj 1ess 19]103 ‘s|puey Joop
wooJyieq 19aney ‘youms 1ybi| ‘sjpuey oo

Jdd ‘Sswel) MopuIm

'SI919WoWlay] ‘pIeogAsy ‘Wood Jayng
‘A101eI0QE| ‘'SWO0J UOIIBAISSTO ‘SWOO0J
Buninsuod ‘adepns [e1ausb ‘s|puey Jooq

‘syuaned 61-QIAOD YlM Spiem 3y Jo yoea
1O UONRIS S35JNU 3yl pue 9sed 6 1-AIA0D
pawluod-Aioleioge| e jo abieydsip ayy
1311 1IN0 P31JIeD UONRUILWLRIU0ISP DAN

pue Bujuea|d |eulwlial Buimol||oy Wool
wuaned Adws Huaned 6 -QIAOD PaULIUOD
-Aiojeloge| e Buisnoy wood 1uaned

S92e44Nns yonol Aouanbauy-ybiy -
wooJ BulAl| ‘wooipag ‘Woolyieq opliod

Jojuow uaned
pue 3|puey Joop ‘|leJpag spuaied 1auiged

S9}1W 0} JO S32IN0S

0207 Y2Jep-Aieniga-
B210Y LINOS Ul Sanijioey
ssew g pue sjeydsoy 9

0202 g |11dy 03 GZ YdIey

B340 YINOS ‘61-AIAOD
Yum siuaned pasijeidsoH

0202 ‘L1 Yosep
eulyd ‘lendsoy u N3]

0¢0cC Ya1eiN

euyd
|10y
aunuelenb e Jo swool ¢

eulyd ‘Aisisaiun
ullif o |endsoH sl
93 Je SeaJe uoe|os| ¢

0202
Ael\ uag | pue Aey Lig
pueaJl ‘'ugng

SpJem

[ESIP3W 9 'NAH 'ND1'a3

020T Y1ep
Apnis Jae pue 210Jag
eulyd ‘oepbuld

‘WooJ sunuelsend)

0¢0¢
‘'UaJe|N 71 01 Auenuga4 9|

eulyd ‘ueynp Ui syuaned
61-AIAOD Yaim sjendsoH

bunias

0¢0¢ =91

0c0c¢ Wiy

0zoz ulf

e0z0z buelf

020z buelf

020z Assf

e0c0c¢ NH

0c0C¢ NH

(g9=u)
ar Apms

Page 9 of 43


https://doi.org/10.1093/nsr/nwaa250
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7326451/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309928/
https://www.medrxiv.org/content/10.1101/2020.02.25.20028043v2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454114/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428766/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0237692
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7282419/

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

‘Aboj0Jas pue

UDd-1¥ Y1og ‘aAiisod palapisuod sem
8E>1D "S9DBLINS D1BWRISAS PaJapISUOD
3Jam pue suopedo| bujulewsal ayy
Buowe paie1ol alam pue Ajiep paggems
9J9M SDBJINS U] "SIIBJINS [9UIIUSS
¥S1-1s91836 G 31 PaJapISUOD S1aM pue
Apnis aya bunp Ajlep paggems aiam
S92BJINS 3AIH "PAIIBJUISIP pUB paues|d
9J9M S32BJINS 21043 PUB SHIYS %IOM

10 pud ay) Jeau palinido buldwes

(Ployasnoy

91 Ul paAjosal pey swoldwiAs 61-qIA0D
131J8 JIUOW 3U0) SWoldWAS Jo 19suo
J31e syiuoul Z pa12a||0d sajdwes
YoaMm/SaWiN £-7 paues|d sem awoy
13410 ‘Ajlep paueajpd sem awioy | ‘%9'95
Aipiuny aanejal abesane 1auonipuod
J1e ay1 yum ybiu pue Aep D.6°€7 1€
1day sem Buinss ainiedadwial DYAH
‘Buiusow Ajuea aya up ‘Aep Jad unoy

2UO Pa1e|IIUIA Ajjeinieu Sem aUWoH

‘siusned dnewoldwiAsisod
pue dewoldwAse aAIINI9SU0D G

"DAINSOd PRISPISUOD SEM Q>0

‘we || 3e Aep e 22U0 pauesp os|e ale
pJem ayy Ul uswdinba pue aunjuing ay
wd ¢ pue we | | 1e 'Aep e a01m3 pauea)d
Sem NDI =Yl JO JOOY 9y 1 "09E-0t ¢

2Jam Jnoy Jad sabueyp Jie abesany
‘Buiuiow ayy ul pa3123||0d sajdwes om]

S310N

ON

ON

ON

ON

ON

ON

ain3nd
[edIA

000€ :saakojdwa
aAnIsod INoYIIM SUO[RRDOT
001 :s2akojdwa
aAnIsod Yaim suoneso’

uiq dnseld ‘youaq iom ‘sjpuey
J01eJab1U}a) 'U0NING 101eAS|D ‘PIROCADY
'3snowl ‘s|puey Jamelp 3|1 ‘sjpued [013uod
ooq HoJ ‘sa|puey 192Nk} ‘uonng ysnd
9OURIIUD ‘S3|puUBY J00P ‘SYS3P 3240
:s90e4Ns Julod yonoi-Aousnbau-ybiy vz

3|qey bujuip ‘aaepns dol

AL Yon0d ‘usalds auoyd dreyd ybiy ‘sjpuey
J01eJab1u31 ‘qous| JOOp 1S 13]103 ‘s|puey
YUIS U311 DV '2]puUBy J00p 13]101 'SI00|4

[44

Uej 1sneyxa 13J101 ‘1d 13j101 ‘suoyd ajiqow
‘l]amol moj|id ‘doa a|qey :dnoub josauo)
3|puey Joop ‘dol 9|gel

‘|0J3u0D 330Wsal ‘UoRING Ysni} 313|103 ‘||puey
190ne} ‘pJeoghay J2anduwiod 1aNp UoRe|IIUSA
‘Spuey ‘|jepad 1e3s ‘|ledpuey JopliIod
'9seomo|id 110o)} “1ued 1odsuely Juaied
'S|puey pue 1e3s 13|10] :spuaind 6L-GIN0D

(4744

100}} ge| '3dd ‘syuswdinba bupsay
19 ge| JO s32ens ‘saxoq 1odsuely aidwes
JO S9|puky ‘suoing JoieAs| ‘s|puey Jood

7l sypnsdoyd ajgesodsiq

14e1s bujues)d syl Ag pasn

dow Jo 3jpuey J21ndwod 3|iqow Jo asnowl

pJe0gAay ‘S192Ne) qUlS 400} ‘3|puey Joop

wooJ buibuey) :paJp s1axJom aipiIy3paH

81 Sa|puey 133Nk}
UIS ‘B|puey JOOp Woolyleq 13101 ‘suoyd

3|IgOW ‘9AjeA JOOPINO JOIB[IIUSA JOIR|[IUSA

40 |aued |03u0d 193yspaq ‘buiyiop Juaned

'3]ge1 3pISpaq ‘|1edpaq 00| :SPaJD JudiInd

uayey S39}1WO} JO S924N0S

sajdwes qems jo 1aquiny

VSN 8y pue adoing 0¢0¢
Ul suoinedo| oe|dyiom 6 IESSEN

vSN 2yl Ul s1d9lgns

paunuelenb-swoy 7 020C 2159

eulyd
ul spiem [eydsoy pue 0z0zZ e
NI ul susied 6 L-AIA0D

070z JelN

pue ga4 ‘eulyd ‘Auolesoqe 020C A1

Buoyl buoy ul |endsoH 020z I
eulyd

'syusned 61-QIAOD J0} 0Z0z 191
pJem uofie|os| ue pue NJI

buniss (€9=U)

arfApnas

Page 10 of 43


https://onlinelibrary.wiley.com/doi/10.1111/irv.12783
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454084/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7303629/
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1283/5898624
https://www.medrxiv.org/content/10.1101/2020.11.30.20234393v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456580/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456580/

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

"9sN Yoes Jaye pasodsip aJe asayl
9SNedaq pPagaems Jou aiam sumob pue
san0|D(sa|dwes Auoiedidsal Jo uoids||0d
10 uoneulwexa [ea1sAyd ‘H9) 10eIu0d
J3s02 03 (Bujues|d Jo suoped|paw
Bupsiuiwpe ‘H9) 10eIU0D [ENSED WOJ)
pabuel sanAY (0L-S ¥OI) SSINUIW 9
Sem ||edan0 wood sjuaized syl Ul SMOH
Aqg 1uads swn ueipaw sy ‘syusned G|

‘Alep pauea)d

Sem 100} 9y ‘d1ednuekdos|oloydip
wnipos jo wdd gpog buisn suop sem
seale Yonol-ybiy Jo buiues)d Ajiep
-221m] "Bulues|d aunnod Jaje swool
Siuaied g pue buiues|d aunnNoJ 210434
pajdules sem wood sjualied auQ

‘sAep £ 38 panIasqo 3dD 's|92

80012 OJoA :poy3zaw ainyjnd Jedip
‘(Bulidwes jeauswiuolIAUD

01 Jold uooulaje syl sem awin buluesp
1se| ay3 ‘a1) bujues|d [eIUSWUOIIAUD
P3INPaYDS 3Y3 240429 BujuIoW 3y3 Ul
pa12NpuUod sem bujdwes |y "bulues|d
[EIUSWIUOIIAUD A|lEp-331M3 3UINOY

‘Kep

P 9DUO 1SE3| 1B P31I34UISIP SJ9M SWl
pUE PaUE3|D SEM 7 WOO0Y “UOIID4UISIP
pue Bujues|d woo. Ajlep jo sinoy 8-9
1314 Pa1D3||0D 249M (7 W00y 1daX3)
SWOoOJ ||e woJj sajdwes [ejusuolAug

"skep / 1e paAISSQO 3dD
'S||22 93 OJSA :pOYyIaW 34Nn3|NJ |eJIn
'SU00J Uone|os| ainssald aanebau | |

S310N

ON

ON

SoA

ON

ON

SOA

ainynd
1edIA

06 ddd
ddd
8¢ 'SW00JY1eg pUB SWOooJ31ue Yum (Jnoy Jad

sabueyoxa Jie Z|) SWOoOoJ U0Ie|oS| U0RIjU]

3|qe1 dejp.ed ‘Mmopuim sse|b ‘sdwind uoisnjul
002 'SJUSA 33]3N0 JIE ‘S103e|uaA ‘Juepuad
[ea1b1ns 'adodsoy1als oo} ‘jledpag

uswdinba |edipaw sjigow

68 puE 'S91IS [PUNWWOD ‘S9IeLINS YdN0I-YbiH

JOSUIS Joop 1uod 1sneyxs [|Is MOpUIM
‘siasuadsip deos puey ‘s1ess 13|10 ‘suiennd
‘AL 'SUOINQ ||ED 8SJNU 40} UOW U0IR|[FUSA
JO UD3J2S UYdN03 ‘sa|qel JaA0 ‘s|iedplenb
paq ‘sqou Joop ‘9gqoJd Jaswixo asind
‘wied uaned Usded w0} JUSSUOD ‘BSNOW
J91ndwod ‘suaandwiod jeuosltad ‘syueisisse
elep [euosJad ‘sayio)d usied ‘sabulAs
'S|0J3U0D 310Wa. Paq ‘S|0JIUOD 10U AL
‘smol|id ‘dwind uoisnjul ‘'ssgni uoizegniul
'sPnd aJnssald poo|q ‘sadodsoyIals ‘Idd
‘SySeuwl ‘s19|gel ‘sauoyd ‘S1Ixe UOIE|IIUDA

Lyl

J3aMeIp A3]]0J1 ‘IUBA Jie '[|IS MOPUIM

‘UleNd ‘e Jieyd 4andwod apispaqg

ocg "JaAIIP 9bUlIAS Jojuow |0JIu0d paq ‘|led
paq Joiuow subis [euA ajqeliod ‘uonng

[|B2 9SJNU ‘3|puey Joop ‘s|puey Joop 13|10

uayey S9}1W 0} JO S324N0S

sajdwes qems jo saquiny

aJodebuis uj [edsoy

e u| suaned 61-dIA0D
paWju0d Jo) buled SpOH

020Z ga4-uef

aJodebuis ul (swool
UO[IL|0S]) 123U Xealqino
C-N\OD-SYVS paiedipad

aJodebulg
ul [endsoy Jo prem NDI

Bpeur) ‘syealqino
61-AIAOD bulobispun
S|} 2482 WUa1-buo

020¢ 'Y6¢
Aieniga4 01 Yigz Aenuef

uede( ul syusned aanisod
-QIAQD pasijendsoH

0z0z Aeiy
YIZL 01 020T YoIeN pIg

AN =yl
uruaned pasijeldsoH

bunias

qozoz buo

e0Z0z buo

0z0z buo

0¢0¢ UOSIeN

0¢0¢
elnwiexen

0¢0¢ =400

(g9=u)
ar Apms

Page 11 of 43


https://www.journalofhospitalinfection.com/article/S0195-6701(20)30548-X/fulltext
https://www.sciencedirect.com/science/article/pii/S2590088920300627?via=ihub
https://www.sciencedirect.com/science/article/pii/S2590088920300627?via=ihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336923/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7653228/
https://jamanetwork.com/journals/jama/fullarticle/2762692
https://europepmc.org/article/pmc/pmc7156567

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

‘slauesp
10 sieaj anbea pue 3dd jo aberioys
ay1 01 anp Aep A1sns paswopad 10u

3JaM UOD3JUISIp pue ‘Bujues|d wooy
(g) swa1sAs uolejuaA pue ainssald
aAnebHaU INOYIIM SWOO0J Pag-f UOWILLIOD
Z () swoou ainssaud anneban

‘2AnIsod

P3JapPISUOD SBM Q7> SEM aN[eA 1D ‘Idd
pasn Jjels [edipawleled pue |edIpalA
%09 03 O AupIwiny sAiejal pue D, 77
0] ,0Z Sem aJmeladws| ‘suoneiado
Buiuesp Ajlep a10jaq 1IN0 paliied sem
Buljdwes ‘wa1sAs mojiie aanebaN

"8A1IS0d PRIBPISUOD B1aM Ot San|eA 1)

paly2ads JON :poyIaw a4n3nd Jedin
'S3dd 2I0M SMOH 'Y €

10 7 A1an3 paleujueiuodap Aleinbau
2JaM swoo. bupiiom Jjeis pue wool
BULIONUOI Y 177 Ueyl 240U O3 7 L0}
abuel p|Nod sWoo. 959y} JO UoeInp
[EMBUSJ JIB 413U 943 SNY3 ‘€W 09 03 OF
WI0J} S3ZIS WOO0J pue Y/cw / 03 | Woly
pabuel apew aJam sajduies ay3 aiaym
SWO0J JUSJIBHIP 3Y3 Ul 91eJ 2BUBYIXD JIY

‘Saunpadoud
uondajUISIp pue buiues|p Jaie sinoy 7
1IN0 paliied sem buldwes saeyns syl

"uonezijendsoy Jaye skep / ‘(¥Z 1) gems

9AllIsod puodas sjuaned ay) Jayje skep
0M] 1IN0 patlied sem Buldwes sadepns

S9JON a.n3jnd
1edIA

ON

ON

ON

SoA

ON

‘(JoOJ} pue 1jeyd ‘asnow ‘preogAay
‘auoyduaiul 4a3unod ‘a1) uopels buisinu ayy
pUE 10p1JJ0d UOWWO) Judde(pe ue Jo J0oj
3y1 {(Jooyy pue ‘asnow ‘pleoghss| ‘uonng
JOOP '3]) WO0J3IUE 343 (39]103 3Y3 JO 189S
pue apisul pue Japjoy Jaded 13]103 ‘Wool
3U3 JO J0OJ pue |lem Jadwep Isneyxa Je
‘[AL] UOISIA9[1 343 JO dO3 ‘BWiel) MOPUIM
3U3 JO Jed Jamo| Jaj|0J3u0d ||ed 3sinu 'pag
33 JO 100} pUE peay '[led apIs pag ‘qouy
J0 uonng Joop ‘pues pinj ‘Aiddns usbAxo
[lem ‘dwind uoisnjul ‘beq nquiy ‘aul| pue
9|10q uonaNs ‘moj|id 'Jnd ainssald pooiq
‘“IN4H “J03UOW J0Ie|IUA JOHUOW JUdlled

ON

woouJ buissalp
L€ "1Je1s |ea1paWl Joj abessed/1a320| ‘Woou
Buissaipun ‘NDI ‘sausied Joj JoplI0D)

‘suonaJdas |eabukieydoseu

UM SJa1ydapuey pasn ‘seale J00pIno

6 "(yoanypd | ‘pooyasey | ‘82140 1) asn dignd
01 uado sbulp|ing ‘sjeudsoy auaiaya.

-QIAOD 9944} WO} S32B4INS JOOPU]

WwooJx203s Juswdinba

[e2Ipaul pue SJ1J0 YdJeasal ‘Woo.
Buibueyd ‘s13]101 ‘WO0J JUBWYSIJDJ ‘SWO0
Buiiom yeis ‘abelols (3dd) uswdinba
9AI1310.4d [eUOSId UYIIM JOPIII0D ‘WOo0J
Buniem syuaped :ease aed juaned-uoN
61 "JOO|} pUB ‘syuaijed usamiag
ua3.2s dnse|d Uaiawouew AsAlRp uabAxo
‘3|puey Joop SpISul ‘Sayduaq ‘sua4ds
J03UOW ‘sA3)10.1 'S9IASP (SN) pUNOSeII N
10 9D ‘sadodsoyrals ‘sdip Jarawixo asind
‘JUsWIaJNSeaw ainssald poojq |elsue

10} SHND ‘S19YD19J3S teade aded Juailed

sisew [e216.ns Jauul spuaned syl
Gl "JOANODI0W waOumOr_ubum oyl c_mD mNWQm\_H
Paq ay) 'uo1INg |ed 3y3 ‘jied pag 161y

uayey S9}1WO0} JO S32IN0S

sajdwes qems jo JaquinN

0c0¢ YIein
£210% YIN0S Ul
sbumas |eudsoy usialip 7

0202 ‘1 Aey
Ajei ul
|eudsoy Jo piem g L-AIAOD

0z0z aun(-Aepy
Ajeat uy jendsoH

0Z0Z '8 |4dy 01 | [udy
EplU[=IE
‘lendsoy AisiaAiun e 1e a3

Ajea
jusned 61-AIA0D Al1ap|d
Yum wood |endsoy a|buls

bunias

020z NAY

0¢0c¢ uizzey

0c¢0c¢ eueld

020z Auouhad

0¢0¢
e||eJenbsey

(g9=u)
ar Apnas

Page 12 of 43


https://www.mattioli1885journals.com/index.php/actabiomedica/article/view/10137/9035
https://www.mattioli1885journals.com/index.php/actabiomedica/article/view/10137/9035
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7413114/
https://www.medrxiv.org/content/10.1101/2020.08.22.20179754v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319646/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7260524/

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

U 96 1918 PIAISSQO SEM JdD

‘S||92 93-0J9A :pOYIdW d4N3|NI |RAIA
‘0p> Sem anjeA 1D

¥Dd-14b sy3 usym aanisod paispisuod
sem ajdwies v "aunssaid aAnebau Japun
10U 9J9M SWOOJ UO[IB|OSI 3y "Splem
uole|os] [elauab ul y g A1ans pue piem
NDI UONE|OST Ul Y 7 AIaAs paidajulsip
3JaMm $123[q0 JO SdelNS ‘s1uaned
61-QIAOD pawlyuod-Aiojeloge| ¢

'3SN Yoes Ja1e paues|d auem Juswdinbs
JusWwieal) pue dnsoubelq Aep/sawi +
P3103JUISIP pue paues|d alam s1aalqo

J0 s92eINS "syuaiied 1oy piem uone|os!
ainssaud aaneban s1usned 6 L-AIA0D £

‘skep

1918 W11 UONBAISSA0 3dD 'TSSHINL
/930J9A :poylraw a4n3jnd |edIpn
"9DUBISIP [BID0S W, puUe Sysew bulieam
3IYm D3P Y3 U0 Yjem Ajiep suiw 09
pamo||e 1ng suiged 01 pauluod s13lgns
‘JJO pauIn) uoienJp-aJ iy ‘bujdwes o3
Jo1ud pa31234ulISIp SUIQeI-35BD) |9SSIA 93
4O UoRIRjUISIp 03 Jolud pa1da||od sajduwes
"%(9/-L1) OF Pue (86-1¥) €4 Aupiuny
1SaMO| pue 1saybiy ueipaw (£°6-0°0)
D05°G pue (5'81-5'9 abuel) D.0°€L
2Jnesadwal 1samo| pue 1saybiy uelpaln

‘9AIsod se paylodal S| Q7> an|eA

(3D) ploysalya 9|42 v ‘u0329]|0d ajdwes
|eIUBWIUOIIAUD 0) Jolud SAep 1 paJinddo
pey bujues|d JuadaJ 3SoW 3y “dAINsod
-AQIAOD 249M oym Ja1ybnep pue Jaylon

"Jdd [eUOIIUSAUOD
pasn JJe1s aya || 'S/W 60°0 JO A1D0jaA Jie
pue qu 50| 2Jnssaid Jie ‘o6 Apiwiny
Dotz 2IMesadwal Jiy Aep e sawi aaJuy)

paWIoIad SeM UOIDBJUISIP 9JB1NS

sAep - panlasqo 3dD

‘S||92 93 OJDA :poYy3raw 3.n3nd |edip
‘uondajold

|0S0J3E pUE 12BIUOD PapPN|IUl 1By Jels
10} 3dd pue ‘SwooJ Usamiaq sanolb Jo
buibueyd pue susibAy puey buipnpul
51020104d (Dd]) |043u0d pue uonuaAaId
UOoI1D34Ul D1123dS-11uN {|0J1U0d SS3Je
pJed-Aay ‘skem|ey aJnssald-annebau
(HDV Z L <) SwooJ ainssald-aanebapn

S910N

SOA

ON

SOA

ON

ON

SoA

24n3|nd
JedIn

14

9

109

4

oL

(s9jdwies josolae
pue 93e4Ins |z |) d10ads-UuoN

uayel
sa|dwes gems jo JaquinN

SpJem Uo[Ie|oS| Ul SHEIS JO SaA0|h

pUP SY{SeW GEN JO 22BJINS JUOU) ‘eale
P31eUILIEILOD 33 PUB ‘eale Pa1eu|uweIu0d
-IWas ay) 'eale ueap sy buipnpul

'SpJem UO[IB|0S] pue piem ND] UOIE|OS]

dwind uoisnjul ‘pueispaq ‘uigqisnp ‘sjied
paq ‘sa|puey Joop 13|3N0 JIe ‘Jdd ‘dulydew
SIsAelp ‘uonels ,sasinu uls bulysempuey
‘WooJ Aupune| ‘WooJ JuswIean ‘NI

moj|d
‘qous| Joop ‘a|gel ‘auoyd ‘910wal AL ‘wie
J1eyd Jooy} 191103 1835 19103 ‘Y2IMS 1yb1

|9MO( 131101 (LW00JYIRg) HUIS ‘3|puBy
JOOp I00]} ‘pag 01 PaydeNe (|24 |[ed 19|qel
'suoyd 3jiqow ‘|led pag ‘s|qel apispag

paljipads 10N

lleapaq ‘2|qe1 apispaq ooy
‘muw__Ou ‘m_O‘ECOu o2J0Wal ;meu_ |eUOSJad

S931WO0} JO S32N0S

020z Aenuga4

eulyd ‘Aisianiun buellayz
40 |e)dSOH pajel|iyy 1Sl
341 Ul SpJem uone|os]

0c¢0¢ Ya1eN
euIYD ‘Ueynp ul [e)dsoH
ueysuaysia ueynm

0z0z Aueniga
uedef ‘diys asinJid
ApN1s [PUOID3S-SS0UD)

0202 |dy

2310
yanos ‘[eadsoH Alsiaaiun
|euonenN 3ngbunyd

0Z02 '67 |4dy
uel[ ‘pdem NDI 61-PIA0D
ApNis |euoDas-sS04D)

VSN

'Z-N0D-SYYS 40} annisod
Bunsal sjenplaipul buisnoy
SWI00J UONR|OS! [PnUapISDy

bunias

e0Z0T buem

00z buem

0¢0c¢ Pnzns

0¢0c ulys

0202
IPyawWpakas

0¢0¢
eidiejues

(g9=u)
ar Apmas

Page 13 of 43


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391640/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391640/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7324661/
https://www.medrxiv.org/content/10.1101/2020.05.02.20088567v1.full.pdf
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7316493/
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-020-00839-x#citeas
https://www.medrxiv.org/content/10.1101/2020.05.31.20107862v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7214329/
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B Yes

Description of
methods and
sufficient detail to
replicate

Sample sources
clear

Analysis & reporting
appropriate

Is bias dealt with

Applicability

0.0% 25.0%

Figure 2. Risk of bias (n=63 primary studies).

(20.6%) reported cycle thresholds (Ct) for test positivity: <40
(8 studies); <43 (1 study); <35 (1 study); <36 (1 study); <37
(1 study) and <38 (1 study).

Frequency of SARS-CoV-2 positive test

All studies reported data on the frequency of positive tests
(Table 5). (Figure 3 shows the graphical representation of these
frequencies.) The frequency of positive SARS-CoV-2 tests
across 51 studies (via RT-PCR) ranged from 0.5% to 75%; 12
studies (19%) reported no positive tests. The highest frequency
of positive tests was found in residential isolation rooms. Of the
three studies conducted in ICU [Escudero 2000, Jin 2000, Ong
2000 and Seyedmehdi 2000], two reported positive test results
(11.7% and 40%). All the four studies [Lei 2000, Ma 2000,
Ge 2020, Jerry 2000] conducted in both ICU and general wards
reported positive tests: 5%, 5.4%, 14.3% and 16.3%, respec-
tively. One of the three laboratory studies [Bloise 2000]
reported frequency of 18.2%; a second study [Lv 2020] reported
no positive test with the conventional RT-PCR tests but reported
21.3% positivity with droplet digital PCR (ddPCR) tests;
the third study [Zuckerman 2020] reported no positive tests. In a
cross-sectional study of SARS-CoV-2 positive subjects confined
to their cabins in a cruise ship [Suzuki 2020], the frequency
of positive test was 9.7% (58/601); no positive test was detected
in the non-case cabins. In one study of home quarantined sub-
jects [Maestre 2020], 46.2% (12/26) of samples were positive
for SARS-CoV-2 at two months (one month after the resolu-
tion of symptoms). In another study of two hospital patients
who were SARS-CoV-2 positive [Shin 2020], no positive
samples were detected after 41 days following weekly

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

B No/Unclear

47.6% 52.4%
87.3% 12.7%
63.5% 36.5%
100.0%
90.5% 9.5%
50.0% 75.0%

disinfection. One study conducted in a high-prevalence com-
munity setting [Dohla 2020] reported no significant association
in the frequencies of positive tests between human and environ-
mental samples (p=0.76). In all four before and after studies, there
was a substantial reduction in the frequency of positive tests
after surface disinfection.

Viral load and concentration

A total of 17 studies reported data on viral concentration
(Table 5); the units of measure used to report this data varied
across the studies and included genomic copies/swab (4 studies),
genomic copies/cm® (4 studies), genomic copies/mL (4 stud-
ies), and 1 study each for mean concentration, viruses/cm?,
genomic units/m?, genomic copies/sample and RNA copies. We
found it impossible to make any comparisons across the studies
because of the heterogeneity in units of measurement.

Cycle thresholds

A total of 28 studies (44.4%) reported data in Ct with values
ranging from 20.4 to 44.1 (Table 5). One study of ICU patients
[Razzini 2020] reporting positive rates of 24.3% (9/34) had
the lowest range of Ct (21.5-24), while another study of ICU
and isolation ward patients [Lei 2020] reporting positive
rates of 5% (9/182) had the highest range of Ct (38.6-44); in
both studies, the Ct for positivity was <40.

Viral culture

Of the 11 studies that planned to perform viral culture, only
two (18.2%) reported Ct values that could act as prompts
to undertake viral isolation (Table 6). Only two studies
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Table 3. Studies sample collection characteristics.

Study ID

Abrahdo 2020
Akter 2020
Amoah 2020
Ben-Shmuel 2020
Bloise 2020
Cheng 2020
Cheng 2020a
Chia 2020
Colaneri 2020
Colaneri 2020a
D’Accolti 2020
Declementi 2020
Ding 2020

Dohla 2020
Escudero 2020
Feng 2020

Ferndndez-de-Mera 2020

Ge 2020
Guo 2020
Harvey 2020

Hu 2020
Hu 2020a
Jerry 2020
Jiang 2020
Jiang 2020a
Jin 2020
Kim 2020
Lee 2020

Lei 2020

Lui 2020

Lv 2020

Ma 2020
Maestre 2020
Marshall 2020
Moore 2020

Frequency of
sample collection

Not specified
NA

Twice

Not specified
Not specified
Not specified
Once

Not specified
Not specified
Once

Not specified
Twice

Not specified
Not specified
Not specified
Not specified
Not specified
1 to 3 times
Not specified

Twice: Pilot phase
and full-scale phase

Not specified
3 times

Not specified
Not specified
Not specified
Not specified
Not specified

Not specified

Twice

N/A

Not specified
Not specified
Not specified
End of work shift
Not specified

Timing of sample collection

Not specified

N/A

Unspecified

Not specified

Not specified

Not specified
Before daily disinfection
Not specified

Not specified
After disinfection
After disinfection
After disinfection
Before disinfection
Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

N/A

Not specified

4 h after case confirmation
4 h after disinfection

Not specified

Before disinfection

2 h after disinfection

Not specified

After disinfection (hospital)
Before disinfection (mass facilities)

Before disinfection
N/A

Not specified

Not specified

Not specified
Before disinfection

Not specified
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https://www.medrxiv.org/content/10.1101/2020.05.07.20094631v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.11.26.20233627v1.full.pdf
https://assets.researchsquare.com/files/rs-89199/v1_stamped.pdf
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30532-2/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7227510/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137535/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7327164/
https://www.nature.com/articles/s41467-020-16670-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7156210/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243766/
https://www.europeanreview.org/wp/wp-content/uploads/9202-9207.pdf
https://www.mattioli1885journals.com/index.php/lamedicinadellavoro/article/view/9991/9108
https://europepmc.org/article/med/32891988
https://www.medrxiv.org/content/10.1101/2020.05.28.20114041v1.full.pdf
https://icm-experimental.springeropen.com/articles/10.1186/s40635-020-00349-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7446651/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7375302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7323510/
https://www.medrxiv.org/content/10.1101/2020.10.27.20220905v1.full.pdf
https://academic.oup.com/nsr/article/7/12/1865/5912468
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7326451/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309928/
https://www.medrxiv.org/content/10.1101/2020.02.25.20028043v2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454114/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428766/
https://jkms.org/DOIx.php?id=10.3346/jkms.2020.35.e332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7282419/
https://onlinelibrary.wiley.com/doi/10.1111/irv.12783
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454084/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7303629/
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1283/5898624
https://www.medrxiv.org/content/10.1101/2020.11.30.20234393v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456580/
https://www.journalofhospitalinfection.com/article/S0195-6701(20)30548-X/fulltext
https://onlinelibrary.wiley.com/doi/10.1111/tbed.13817

Study ID

Frequency of
sample collection

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

Timing of sample collection

Nakamura 2020 Not specified After disinfection
Nelson 2020 Not specified Not specified
Ong 2020 5 separate time Before disinfection
points
Ong 2020a 5 days over a Before and after (33.3%:66.7%)
2-week period
Ong 2020b Not specified Not specified
Pasquarella 2020 Once After disinfection
Peyrony 2020 Not specified Not specified
Piana 2020 Not specified Before disinfection
Razzini 2020 Not specified Before disinfection
Ryu 2020 Not specified Not specified
Santarpia 2020 Not specified Not specified
Seyedmehdi 2020 Not specified Not specified
Shin 2020 Twice daily After disinfection (4 days)
Suzuki 2020 Not specified Before disinfection
Wang 2020 Not specified Not specified
Wang 2020a Not specified Not specified
Wee 2020 Not specified Before disinfection
Wei 2020 Not specified After disinfection
Wei 2020a Not specified Before disinfection
Wong 2020 Not specified Before and after (50%:50%)
Wu 2020 Not specified Before disinfection
Ye 2020 Three sets over a Not specified
20-day period
Yuan 2020 Not specified After disinfection
Yung 2020 Not specified Not specified
Zhang 2020 Not specified Not specified
Zhou 2020 Not specified Not specified
Zhou 2020a Not specified Not specified
Zuckerman 2020 Not specified Before disinfection

provided information on the timing of sample collection for viral
culture but were missing key details with respect to collec-
tion related to the timing of the onset of symptoms of the
patients with respect to the collection and timing. One study of
subjects in a cruise ship [Suzuki 2020] reported collecting
samples for viral culture from 1-17 days after the cabin was
vacated on a cruise ship and at least 17 days after the quaran-
tining to cabins was ordered and 8 days after the first cabin
cleaning, while another study of patients in residential isolation
[Santarpia 2020] reported collecting the samples on “days 5-9” or

“day 10” of occupancy at a medical centre or quarantine unit,
all of whom were evacuated from the same cruise ship reported
previously and would have been at least 2 weeks from the
last day of quarantine [Suzuki 2020]. The incubation period
ranged from 4-7 days and there were subtle differences in the
culture media used across the studies (Table 6). None of the
studies reported success with viral culture despite positive
RT-PCR detection tests. There were methodological issues with
the techniques employed for viral culture across the studies
(see Table 6).
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https://www.sciencedirect.com/science/article/pii/S2590088920300627?via=ihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336923/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7653228/
https://jamanetwork.com/journals/jama/fullarticle/2762692
https://europepmc.org/article/pmc/pmc7156567
https://www.mattioli1885journals.com/index.php/actabiomedica/article/view/10137/9035
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7413114/
https://www.medrxiv.org/content/10.1101/2020.08.22.20179754v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319646/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7260524/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391640/
http://ioh.iums.ac.ir/browse.php?a_id=3121&sid=1&slc_lang=en&ftxt=0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7324661/
https://www.medrxiv.org/content/10.1101/2020.05.02.20088567v1.full.pdf
https://journals.sagepub.com/doi/full/10.1177/1420326X20942938
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7165090/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7316493/
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-020-00839-x#citeas
https://www.medrxiv.org/content/10.1101/2020.05.31.20107862v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7214329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192102/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7653408/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7133054/
https://www.medrxiv.org/content/10.1101/2020.05.12.20097105v2.full.pdf
https://www.medrxiv.org/content/10.1101/2020.05.24.20110346v2.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7557302/
https://www.mdpi.com/1999-4915/12/8/854/htm
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Table 4. Quality of included studies.

Abrahdo 2020

Akter 2020

Amoah 2020

Bloise 2020

Ben-Shmuel 2020

Cheng 2020

Cheng 2020a

Chia 2020

Colaneri 2020

Colaneri 2020a

D'Accolti 2020

Declementi 2020

Ding 2020

Dohla 2020

Escudero 2020

Feng 2020

Fernandez-de-Mera 2020

Ge 2020

Guo 2020

Harvey 2020

Hu 2020

Hu 2020a

Jerry 2020

Jiang 2020

Jiang 2020a

Jin 2020

Kim 2020

Lee 2020

Lei 2020

Lui 2020

Lv 2020

Ma 2020

Maestre 2020

Marshall 2020

Moore 2020

Nakamura 2020
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https://www.medrxiv.org/content/10.1101/2020.05.07.20094631v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.11.26.20233627v1.full.pdf
https://doi.org/10.21203/rs.3.rs-89199/v1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7227510/
https://reader.elsevier.com/reader/sd/pii/S1198743X20305322?token=B1D1F159D3B1E090030A64484877CCB181770C6FC269A8D2A080E9D7402B52A4F2FE7F8A8E0F473F7C32E30030B53B9D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137535/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7327164/
https://www.nature.com/articles/s41467-020-16670-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7156210/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243766/
https://www.europeanreview.org/wp/wp-content/uploads/9202-9207.pdf
https://www.mattioli1885journals.com/index.php/lamedicinadellavoro/article/view/9991/9108
https://europepmc.org/article/med/32891988
https://www.medrxiv.org/content/10.1101/2020.05.28.20114041v1.full.pdf
https://icm-experimental.springeropen.com/articles/10.1186/s40635-020-00349-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7446651/
https://onlinelibrary.wiley.com/doi/10.1111/tbed.13817
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7375302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7323510/
https://www.medrxiv.org/content/10.1101/2020.10.27.20220905v1.full.pdf
https://doi.org/10.1093/nsr/nwaa250
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7326451/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309928/
https://www.medrxiv.org/content/10.1101/2020.02.25.20028043v2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454114/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428766/
https://jkms.org/DOIx.php?id=10.3346/jkms.2020.35.e332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7282419/
https://onlinelibrary.wiley.com/doi/10.1111/irv.12783
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454084/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7303629/
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1283/5898624
https://www.medrxiv.org/content/10.1101/2020.11.30.20234393v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456580/
https://www.journalofhospitalinfection.com/article/S0195-6701(20)30548-X/fulltext
https://www.sciencedirect.com/science/article/pii/S2590088920300627?via=ihub

Nelson 2020

Ong 2020

Ong 2020a

Ong 2020b

Pasquarella 2020

Peyrony 2020

Piana 2020

Razzini 2020

Ryu 2020

Santarpia 2020

Seyedmehdi 2020

Shin 2020

Suzuki 2020

Wee 2020

Wei 2020

Wei 2020a

Wang 2020

Wang 2020a

Wong 2020

Wu 2020

Ye 2020

Yuan 2020

Yung 2020

Zhang 2020

Zhou 2020

Zhou 2020a

Zuckerman 2020
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30 55 40 0 57
63 63 63 63 63
Yes No/
Unclear

Description of methods and  47.6% 52.4%

sufficient detail to replicate

Sample sources clear 87.3% 12.7%

Analysis & reporting 63.5% 36.5%

appropriate

Is bias dealt with 0.0% 100.0%

Applicability 90.5% 9.5%
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336923/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7653228/
https://jamanetwork.com/journals/jama/fullarticle/2762692
https://europepmc.org/article/pmc/pmc7156567
https://www.mattioli1885journals.com/index.php/actabiomedica/article/view/10137/9035
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7413114/
https://www.medrxiv.org/content/10.1101/2020.08.22.20179754v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319646/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7260524/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391640/
http://ioh.iums.ac.ir/browse.php?a_id=3121&1&en&0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7324661/
https://www.medrxiv.org/content/10.1101/2020.05.02.20088567v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7316493/
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-020-00839-x#citeas
https://journals.sagepub.com/doi/full/10.1177/1420326X20942938
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7165090/
https://www.medrxiv.org/content/10.1101/2020.05.31.20107862v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7214329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192102/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7653408/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7133054/
https://www.medrxiv.org/content/10.1101/2020.05.12.20097105v2.full.pdf
https://www.medrxiv.org/content/10.1101/2020.05.24.20110346v2.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7557302/
https://www.mdpi.com/1999-4915/12/8/854/htm
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https://www.medrxiv.org/content/10.1101/2020.05.07.20094631v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.11.26.20233627v1.full.pdf
https://assets.researchsquare.com/files/rs-89199/v1_stamped.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7227510/
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30532-2/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30532-2/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137535/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7327164/
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https://www.nature.com/articles/s41467-020-16670-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7156210/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243766/
https://www.europeanreview.org/wp/wp-content/uploads/9202-9207.pdf
https://www.mattioli1885journals.com/index.php/lamedicinadellavoro/article/view/9991/9108
https://www.mattioli1885journals.com/index.php/lamedicinadellavoro/article/view/9991/9108
https://europepmc.org/article/med/32891988
https://www.medrxiv.org/content/10.1101/2020.05.28.20114041v1.full.pdf
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7446651/
https://onlinelibrary.wiley.com/doi/10.1111/tbed.13817
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https://www.medrxiv.org/content/10.1101/2020.10.27.20220905v1.full.pdf
https://doi.org/10.1093/nsr/nwaa250
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7326451/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309928/
https://www.medrxiv.org/content/10.1101/2020.02.25.20028043v2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454114/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428766/
https://jkms.org/DOIx.php?id=10.3346/jkms.2020.35.e332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7282419/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454084/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7303629/
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1283/5898624
https://www.medrxiv.org/content/10.1101/2020.11.30.20234393v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456580/
https://www.journalofhospitalinfection.com/article/S0195-6701(20)30548-X/fulltext
https://www.sciencedirect.com/science/article/pii/S2590088920300627?via=ihub
https://www.sciencedirect.com/science/article/pii/S2590088920300627?via=ihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336923/
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https://www.mattioli1885journals.com/index.php/actabiomedica/article/view/10137/9035
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7413114/
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Figure 3. Rates of positive SARS-Cov-2 tests in studies assessing fomite transmission.

Discussion

We found 63 primary studies investigating the role of fomites
in SARS-CoV-2 transmission. The results of the majority
of these studies show that SARS-CoV-2 RNA can be
frequently detected on surfaces in both healthcare and non-
healthcare settings. However, there were no positive culture
results for studies that attempted to culture for viable virus.
There is a wide variation in study setting and designs across
studies, and the overall quality of published studies is low to
moderate. The heterogeneity in study design and methodology
makes it difficult to compare results across studies. The results
of the systematic review (n=35) [Bedrosian 2020] showed that
surface contamination was greatest in laboratories and least in
households; however, none of the included studies addressed
viral infectivity. The review authors did not assess the report-
ing quality of the primary studies and the search periods are
now outdated.

The inability to culture the virus despite positive PCR detec-
tion tests suggests that SARS-CoV-2 RNA is more stable (and
likely found in greater concentrations) on fomites than infec-
tive SARS-CoV-2 virus''. Factors known to affect the ability
of fomites to serve as transmitters of respiratory viruses
include the rate of decay of the virus on the surface and on the

hands, the virus transfer rate (surface to hand, and hand to
face), the frequency of touch between the hands and face, the
dose-response curve of the virus, temperature and humidity,
amongst others'”.

The substantial reduction in positive detection rates before
and after studies (and in some ICU settings) suggests that
good hygiene procedures can minimise the risk of surface
contamination. The inconsistency in describing a priori Ct values
across the studies, coupled with the wide range in actual Ct
values, suggests that the reported positive SARS-CoV-2 RNA
detection rates are markers of previous viral presence from
non-viable virus.

In a systematic review assessing the role of fomites in virus
transmission in the Middle East Respiratory Syndrome
(MERS)", the authors reported possible evidence of fomite
contamination but the evidence for fomite transmission was
anecdotal. Our review findings are consistent with these obser-
vations. In an observational study of four hospitalised patients
with MERS", there was positive viral culture from fomites
including bed sheets, bed rails, intravenous fluid hangers, and
radiograph devices. In contrast to that study, published research
on SARS-CoV-2 shows no evidence of positive viral culture
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to date. Our review findings support several national and
international guidelines recommending good hygiene practices
to reduce the spread of SARS-CoV-2">-"7,

We identified one non-peer-reviewed (pre-print) systematic
review that assessed SARS-CoV-2 contamination in fomites'®.
The authors concluded that the quality of measurements was
poor, and the reliability of the data is uncertain. Our findings
are consistent with these. Compared to that review, we searched
more databases, included more than twice the number of
included studies, and accounted for the reporting quality of
included studies.

Although there has been much research into fomite transmis-
sion of SARS-CoV-2, much uncertainty remains, and it is
difficult to draw meaningful conclusions. Firstly, the variation
in Ct across the studies suggests that there is no standardized
threshold for detection of SARS-CoV-2 RNA. Some studies
have shown that lower Ct correlates with higher genomic load".

The studies included in this review used Ct of <35 to
<43; these threshold values indicate that some of the posi-
tive tests reported in the studies may be misleading. Future
research aimed at establishing internationally accepted Ct values
should be considered a priority. The discrepancies in units of
measurements for viral load and/or concentration also creates
confusion. Therefore, standardized checklists for reporting
of studies investigating SARS-CoV-2 transmission should be
developed, including mandatory publishing of protocols,
including the timing of the collection of any environmental
specimens with respect to patient symptom onset. Looking for
viable virus long after a patient has developed a significant
innate and adaptive immunologic response will consistently
yield negative results.

That all 11 culture studies failed to isolate the virus with
significant fundamental methodological flaws indicates that the
threshold for transmissibility from contaminated surfaces is
unknown and more rigorous and carefully orchestrated studies
are required before any conclusions may be drawn. One factor
likely relates to the timing of sample collection after the
onset of infection. Two studies reported the timeframe for
sample collection but without precision while nine did not report
any timelines. The mean incubation period of SARS-CoV-2
is 5-6 days’; therefore, sample collection within the first few
days of infection onset is likely to yield greater viral RNA
load and result in better infectivity and culture results. Future
studies should endeavour to collect surface samples of likely
contaminated surfaces and medical equipment within useful
timeframes and should also report this variable with their results.

As reported in the results, findings from one study [Lv 2020]
showed that detection rates were different when qRT-PCR was
compared with ddPCR. Interestingly, the authors of another
included study [Bloise 2020] concluded that qRT-PCR is unable
to differentiate between infectious and non-infectious viruses.
Therefore, the use of RT-PCR as the gold standard for detec-
tion of SARS-CoV-2 requires further research. The positive

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

findings from the before and after studies show that good
hygiene procedures should continue to be a cornerstone for the
management of SARS-CoV-2 and other communicable diseases.

Strengths and limitations

To our knowledge, this is the most comprehensive review
to date that evaluates the role of fomites in SARS-CoV-2
transmission. We extensively searched the literature for
published studies and included studies that are yet to undergo
peer review. We also accounted for the quality of the studies
and have presented summary data for some subgroups where
possible. However, we recognize several limitations. We may
not have identified all published studies investigating the role
of fomites; indeed, several other studies may have been pub-
lished after the last search date for this review. Heterogeneity
due to variations in study designs and lack of uniformity in
measurement metrics prevent us from statistically combining
data across studies and limits the validity and applicability
of the review results.

Conclusion

The evidence from published research suggests that
SARS-CoV-2 RNA can be readily detected on surfaces and
fomites. There is no evidence of viral infectivity or transmissi-
bility via fomites to date but no studies to date have been found
to be methodologically robust and of high enough quality to
even adequately address the question. Good hygienic prac-
tices appear to reduce the incidence of surface contamination.
Published studies are heterogeneous in design, methodology and
viral reporting metrics and there are flaws in the reporting qual-
ity. Standardized guidelines for the design and reporting of
research on fomite transmission should now be a priority.

Data availability

Underlying data

All data underlying the results are available as part of the
article and no additional source data are required.

Extended data

Figshare: Extended data: SARS-CoV-2 and the Role of Fomite
Transmission: A Systematic Review, https://doi.org/10.6084/
mO.figshare.14247113.v1°.

This project contains the following extended data:
- Appendix 1: Protocol

- Appendix 2: Search Strategy
- Appendix 3: List of excluded studies
- Appendix 4: References to included studies
Reporting guidelines
Figshare: PRISMA checklist for ‘SARS-CoV-2 and the Role

of Fomite Transmission: A Systematic Review’, https://doi.
org/10.6084/m9.figshare.14247113.v1°.

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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The authors have addressed most of the major concerns.

I still believe that it's not clear what the authors mean by "bias". The authors used circular
reasoning in their explanation; they state that they assessed "bias" by asking if the reviewed
articles acknowledged "bias", but they never defined the term or mentioned the exact questions
used to determine it.

Nevertheless, this article provides a good summary of the scientific publications that have survey
SARS-CoV-2 on surfaces and is, therefore, a valuable contribution.
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Department of Microbiology, Biochemistry and Molecular Genetics, New Jersey Medical School,
Newark, NJ, USA

I'm still not entirely convinced that the "bias" parameter included in the analysis is useful, since
there is some element of subjectivity in making that assessment. Nevertheless, the authors have
given a fuller accounting of what's involved in this parameter, so at least, a reader can draw their
own conclusions regarding alleged "bias".

Overall, the authors have appropriately responded to my comments and suggestions, and [ am
satisfied that this manuscript is now acceptable as a peer-reviewed publication and a useful
contribution to the literature.

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Microbiology, Virology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 11 May 2021
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Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
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?

Ana Karina Pitol Garcia
Department of Civil and Environmental Engineering, Imperial College London, London, UK

The authors compiled and summarized many scientific publications that surveyed SARS-CoV-2 on
surfaces. Surface contamination is an essential piece of information needed to understand the
role of fomites in disease transmission. The authors collected data on the presence of RNA and
viable SARS-CoV-2. Notable, out of the 11 identified papers that attempted viral culture, none fund
cytopathic effects. Therefore, no viable SARS-CoV-2 has been recovered from surfaces up to date.
The review is comprehensive, timely, and valuable for understanding the relative contribution of
fomite-mediated transmission to the spread of SARS-CoV-2.

Major comments:

Methods

The authors mention using an adapted version of "QUADAS-2 criteria" to assess the quality of the
studies, but the exact methodology is not reported neither in the main article nor in the extended
data. More transparency is needed regarding the exact questions used to determine quality and
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bias.

Additionally, the authors criticize publications that do not report "patient information" such as
"symptom onset in the patients". Nevertheless, this information is not relevant in settings with no
COVID-19 patients (surfaces at gas stations, bus stations, hospital wards, etc.).

Discussion

Regarding the following statement:

"The inability to culture the virus despite positive PCR detection tests may indicate either that surface
contamination does not support viral growth and hence transmissibility or that the timing of collection
was at a point of time where no viable virus would be likely to be found."

The first hypothesis is not clear, "The inability to culture the virus despite positive PCR detection tests
may indicate either that surface contamination does not support viral growth and hence
transmissibility” - We know that the virus needs a host cell to replicate. The capacity of fomites to
serve as a vehicle for the transmission of SARS-CoV-2 depends on factors such as the decay rate of
the virus on the surface and on the hands, the virus transfer rate (surface to hand, and hand to
face), the frequency of touch between the hands and face, the dose-response curve of the virus,
among other parameters. Even if the virus does not "grow" on the surface, there is still potential
for transmission. Therefore, this sentence needs to be removed or clarified.

Second hypothesis: "The inability to culture the virus despite positive PCR detection tests may indicate
... that the timing of collection was at a point of time where no viable virus would be likely to be found." -
The authors suggest throughout the discussion that the 11 studies that cultured the virus
showing not cytopathic effects have "significant fundamental methodological flaws" (which are not
clearly pointed out in the manuscript), directing the reader to conclude that this is probably the
reason why no attempt at culturing viruses from surfaces has been successful. It's helpful to point
out that SARS-CoV-2 RNA is much more stable on fomites than infective SARS-CoV-2 virus, and it is
found in much greater concentrations. For example, in an experimental study where SARS-CoV-2
was inoculated on surfaces, Paton et al. (2021)' found that the number of RNA recovered from the
surfaces was 103 to 108 times higher than the number of viable virus in the samples. Given the
relatively low concentration of RNA found on surfaces in the compiled articles, it is expected that
the 11 studies that attempted to culture the virus could not find cytopathic effects. It is true, as the
authors point out, that the transmission via fomites cannot be discarded. Nevertheless, the
evidence that the authors compiled can already give an idea of how unlikely fomite-mediate
transmission is in most settings.

Minor comments:

Abstract
Please, clarify the statement "SARS-CoV-2 has been detected in fomites..." by replacing it with "SARS-
CoV-2 RNA has been detected in fomites..."

Introduction

The statement, "it has been reported that SARS-CoV-2 can be transmitted indirectly through fomites or
surfaces." is not supported by the reference. The reference only suggests the possibility of fomite
transmission based on (1) the presence of SARS-CoV-2 RNA on surfaces, and (2) experimental
evidence of virus survival at specific conditions and high concentrations. Up to date, no study has
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"reported" fomite-mediated transmission. Replacing the word "reported" by "suggested" would be
better.

Discussion

In the following sentence, "We identified one non-peer-reviewed (pre-print) systematic review that
assessed fomite contamination in SARS-CoV-2." perhaps what the authors intended to say was, "We
identified one non-peer-reviewed (pre-print) systematic review that assessed SARS-CoV-2
contamination in fomites."?

Figure 3

It would be more informative for the reader if the plot could distinguish between public spaces
and rooms with COVID-19 patients. The authors could break the "other" category and include
"isolation or quarantine room", since the most frequently contaminated spaces were quarantine
rooms.

References

1. Paton S, Spencer A, Garratt I, Thompson K, et al.: Persistence of SARS-CoV-2 virus and viral RNA
on hydrophobic and hydrophilic surfaces and investigating contamination concentration. bioRxiv.
2021. Publisher Full Text

Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Partly

Is the statistical analysis and its interpretation appropriate?
Not applicable

Are the conclusions drawn adequately supported by the results presented in the review?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Disease transmission, Quantitative Microbial Risk Assessment (QMRA), fomite-
mediated transmission, virus transfer.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 14 May 2021
IGHO ONAKPOYA, University of Oxford, Oxford, UK

Peer reviewer's comment:
The authors compiled and summarized many scientific publications that surveyed SARS-

Page 36 of 43


https://doi.org/10.1101/2021.03.11.435056

F1000Research 2021, 10:233 Last updated: 24 MAY 2022

CoV-2 on surfaces. Surface contamination is an essential piece of information needed to
understand the role of fomites in disease transmission. The authors collected data on the
presence of RNA and viable SARS-CoV-2. Notable, out of the 11 identified papers that
attempted viral culture, none fund cytopathic effects. Therefore, no viable SARS-CoV-2 has
been recovered from surfaces up to date. The review is comprehensive, timely, and valuable
for understanding the relative contribution of fomite-mediated transmission to the spread
of SARS-CoV-2.

Authors' response: Thank you.

Peer reviewer's comment:

Major comments:

Methods

The authors mention using an adapted version of "QUADAS-2 criteria" to assess the quality
of the studies, but the exact methodology is not reported neither in the main article nor in
the extended data. More transparency is needed regarding the exact questions used to
determine quality and bias.

Authors' response: Now reads thus: “We assessed the risk of bias using five domains from
the QUADAS-2 criteria [9]; we adapted this tool because the included studies were not
designed as diagnostic accuracy studies. The domains assessed were: (i) study description -
was there sufficient description of methods to enable replication of the study? (ii) sample
sources - was there a clear description of sample sources? (iii) description of results - was
the reporting of study results and analysis appropriate? (iv) risk of bias - did the authors
acknowledge any potential biases, if yes were any attempts made to address these biases?
(v) applicability - is there any concern that the interpretation of test results differs from the
study question? For each bias domain, the risk was judged as “low”, “unclear” or “high".”

Peer reviewer's comment:

Additionally, the authors criticize publications that do not report "patient information" such
as "symptom onset in the patients". Nevertheless, this information is not relevant in settings
with no COVID-19 patients (surfaces at gas stations, bus stations, hospital wards, etc.).
Authors' response: Now reads thus: “The latter possibility is considered highly likely on the
basis of culturing without the benefit of looking at the timing of the specimens with respect
to symptom onset (in study settings that had SARS-CoV-2 positive patients)..."

Peer reviewer's comment:

Discussion

Regarding the following statement:

"The inability to culture the virus despite positive PCR detection tests may indicate either that
surface contamination does not support viral growth and hence transmissibility or that the
timing of collection was at a point of time where no viable virus would be likely to be found."

The first hypothesis is not clear, "The inability to culture the virus despite positive PCR detection
tests may indicate either that surface contamination does not support viral growth and hence
transmissibility” - We know that the virus needs a host cell to replicate. The capacity of
fomites to serve as a vehicle for the transmission of SARS-CoV-2 depends on factors such as
the decay rate of the virus on the surface and on the hands, the virus transfer rate (surface
to hand, and hand to face), the frequency of touch between the hands and face, the dose-
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response curve of the virus, among other parameters. Even if the virus does not "grow" on
the surface, there is still potential for transmission. Therefore, this sentence needs to be
removed or clarified.

Authors' response: We have revised the statement and added a reference. Now reads thus:
“The inability to culture the virus despite positive PCR detection tests suggests that SARS-
CoV-2 RNA is more stable (and likely found in greater concentrations) on fomites than
infective SARS-CoV-2 virus [11]". Factors known to affect the ability of fomites to serve as
transmitters of respiratory viruses include the rate of decay of the virus on the surface and
on the hands, the virus transfer rate (surface to hand, and hand to face), the frequency of
touch between the hands and face, the dose-response curve of the virus, temperature and
humidity, amongst others [12].”

Peer reviewer's comment:

Second hypothesis: "The inability to culture the virus despite positive PCR detection tests may
indicate ... that the timing of collection was at a point of time where no viable virus would be
likely to be found." - The authors suggest throughout the discussion that the 11 studies that
cultured the virus showing not cytopathic effects have "significant fundamental
methodological flaws" (which are not clearly pointed out in the manuscript), directing the
reader to conclude that this is probably the reason why no attempt at culturing viruses from
surfaces has been successful. It's helpful to point out that SARS-CoV-2 RNA is much more
stable on fomites than infective SARS-CoV-2 virus, and it is found in much greater
concentrations. For example, in an experimental study where SARS-CoV-2 was inoculated on
surfaces, Paton et al. (2021)" found that the number of RNA recovered from the surfaces
was 103 to 108 times higher than the number of viable virus in the samples. Given the
relatively low concentration of RNA found on surfaces in the compiled articles, it is expected
that the 11 studies that attempted to culture the virus could not find cytopathic effects. It is
true, as the authors point out, that the transmission via fomites cannot be discarded.
Nevertheless, the evidence that the authors compiled can already give an idea of how
unlikely fomite-mediate transmission is in most settings.

Authors' response: We have revised the statement.

Peer reviewer's comment:

Minor comments:

Abstract

Please, clarify the statement "SARS-CoV-2 has been detected in fomites..." by replacing it with
"SARS-CoV-2 RNA has been detected in fomites..."

Authors' response: Added “RNA”

Peer reviewer's comment:

Introduction

The statement, "it has been reported that SARS-CoV-2 can be transmitted indirectly through
fomites or surfaces." is not supported by the reference. The reference only suggests the
possibility of fomite transmission based on (1) the presence of SARS-CoV-2 RNA on surfaces,
and (2) experimental evidence of virus survival at specific conditions and high
concentrations. Up to date, no study has "reported" fomite-mediated transmission.
Replacing the word "reported" by "suggested" would be better.

Authors' response: Agreed. This was already commented on by Reviewer 1. We have
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revised as suggested.

Peer reviewer's comment:

Discussion

In the following sentence, "We identified one non-peer-reviewed (pre-print) systematic review
that assessed fomite contamination in SARS-CoV-2." perhaps what the authors intended to say
was, "We identified one non-peer-reviewed (pre-print) systematic review that assessed
SARS-CoV-2 contamination in fomites."?

Authors' response: We have made the correction. Now reads thus: “We identified one non-
peer-reviewed (pre-print) systematic review that assessed SARS-CoV-2 contamination in
fomites...”

Peer reviewer's comment:

Figure 3

It would be more informative for the reader if the plot could distinguish between public
spaces and rooms with COVID-19 patients. The authors could break the "other" category
and include "isolation or quarantine room", since the most frequently contaminated spaces
were quarantine rooms.

Authors' response: We understand the reviewer’s point here. However, we reported the
settings are described by the study authors - only 2 studies were described as “hospital and
quarantine”. Therefore we have not made any changes to the figure.

Competing Interests: None

Reviewer Report 06 April 2021

https://doi.org/10.5256/f1000research.54776.r82053

© 2021 Goldman E. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

?

Emanuel Goldman
Department of Microbiology, Biochemistry and Molecular Genetics, New Jersey Medical School,
Newark, NJ, USA

In this manuscript, the authors have conducted an extensive comparison of many published
studies attempting to assess the possibility of transmission of SARS-CoV-2 via fomites. Most of the
studies reviewed involved samples from hospitals, although some studies were also from
community settings. The authors report that none of the studies found infectious virus on fomites,
and that viral RNA, while generally present to varying degrees, was likely of too poor quality in
most instances to support infectivity anyway, based on relatively high cycle threshold (CT) values
for the RNA samples.

This is a useful snapshot of where we are in the pandemic, and why thinking in the field has
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increasingly moved towards the view that fomite transmission is not a significant source of
infection. This reviewer believes the authors are too timid in drawing that conclusion, only stating
in the Abstract "Lack of positive viral cultures and variation in cycle thresholds create uncertainty about
fomites as a mode of transmission." I believe a more forceful statement about the insignificance of
fomite transmission is warranted.

In the second paragraph of the Introduction, the authors do not adequately characterize the
content of some of the references cited.

The authors write, "it has been reported that SARS-CoV-2 can be transmitted indirectly through fomites
or surfaces®." This is inaccurate; reference 5 is a review of work published up to that time, and at
most, suggests the possibility that the virus can be transmitted through fomites. None of the
papers reviewed in reference 5 showed indirect transmission through fomites. The authors must
revise this sentence. My suggestion is to replace "reported" with "suggested", i.e., "it has been
suggested that SARS-CoV-2 can be transmitted indirectly through fomites or surfaces>."

The opposite situation occurs in the very next sentence. The authors write, "However, some authors
have suggested that there is a low risk of transmission of SARS-CoV-2 through fomites®”." Reference 6
is more than a suggestion; the authors report the absence of infectious virus on surfaces in
hospitals treating COVID-19 patients. My suggestion here is the reverse of my previous one, in this
case, replace "suggested" with "reported" for reference 6, i.e., "However, some authors have
reported® or suggested” that there is a low risk of transmission of SARS-CoV-2 through fomites."

In the last paragraph of the methods section, the authors write: "One reviewer (IJO) assessed the risk
of bias and extracted data from the included studies, and these were independently checked by a second
reviewer (EAS)." However, the reader is not given a clue as to what the authors mean by "bias" in
this context. The absence of a definition and/or criteria for alleged "bias" makes this parameter
meaningless in the manuscript. If the authors are to include this parameter, they must revise the
manuscript to make clear what it is they are assessing as "bias", and how that assessment was
made.

Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Partly

Is the statistical analysis and its interpretation appropriate?
Yes

Are the conclusions drawn adequately supported by the results presented in the review?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Microbiology, Virology
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I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

IGHO ONAKPOYA, University of Oxford, Oxford, UK

We thank the reviewer for the useful feedback regarding our manuscript. In line with the
reviewer's suggestions, we will be making the following revisions to the manuscript:

ABSTRACT
We will revise the conclusions to reflect the results that the risk of transmission of SARS-
CoV-2 through fomites is low.

METHODS
In the second paragraph, we will replace "reported" with "suggested" (ref. 5) and replace
"suggested" with "reported" (refs. 6&7).

In the last paragraph of this section, we will expand the reporting of the methods used for
risk of bias assessment - we will include the domains of bias assessed and how each domain
was scored.

Competing Interests: None

IGHO ONAKPOYA, University of Oxford, Oxford, UK

Peer Reviewer's comment:

In this manuscript, the authors have conducted an extensive comparison of many published
studies attempting to assess the possibility of transmission of SARS-CoV-2 via fomites. Most
of the studies reviewed involved samples from hospitals, although some studies were also
from community settings. The authors report that none of the studies found infectious virus
on fomites, and that viral RNA, while generally present to varying degrees, was likely of too
poor quality in most instances to support infectivity anyway, based on relatively high cycle
threshold (CT) values for the RNA samples.

This is a useful snapshot of where we are in the pandemic, and why thinking in the field has
increasingly moved towards the view that fomite transmission is not a significant source of
infection.

Authors' response: Thank you.

Peer Reviewer's comment:

This reviewer believes the authors are too timid in drawing that conclusion, only stating in
the Abstract "Lack of positive viral cultures and variation in cycle thresholds create uncertainty
about fomites as a mode of transmission." I believe a more forceful statement about the
insignificance of fomite transmission is warranted.
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Authors' response: We agree with the reviewer and have revised the statement. Abstract
conclusion now reads thus: “Lack of positive viral cultures suggests that the risk of
transmission of SARS-CoV-2 through fomites is low.”

Peer Reviewer's comment:
In the second paragraph of the Introduction, the authors do not adequately characterize
the content of some of the references cited.

The authors write, "it has been reported that SARS-CoV-2 can be transmitted indirectly through
fomites or surfaces?.” This is inaccurate; reference 5 is a review of work published up to that
time, and at most, suggests the possibility that the virus can be transmitted through
fomites. None of the papers reviewed in reference 5 showed indirect transmission through
fomites. The authors must revise this sentence. My suggestion is to replace "reported" with
"suggested", i.e., "it has been suggested that SARS-CoV-2 can be transmitted indirectly
through fomites or surfaces®

Authors' response: We have amended the sentence. Now reads thus: “... it has been
suggested that SARS-CoV-2 can be transmitted indirectly through fomites or surfaces...”

Peer Reviewer's comment:

The opposite situation occurs in the very next sentence. The authors write, "However, some
authors have suggested that there is a low risk of transmission of SARS-CoV-2 through fomites®”
." Reference 6 is more than a suggestion; the authors report the absence of infectious virus
on surfaces in hospitals treating COVID-19 patients. My suggestion here is the reverse of my
previous one, in this case, replace "suggested" with "reported" for reference 6, i.e.,
"However, some authors have reported® or suggested” that there is a low risk of
transmission of SARS-CoV-2 through fomites."

Authors' response: We have amended the sentence. Now reads thus: “... some authors
have reported that there is a low risk of transmission of SARS-CoV-2 through fomites [6,7]
and others have reported that the risk of such transmission is exaggerated [8]".

Peer Reviewer's comment:

In the last paragraph of the methods section, the authors write: "One reviewer (IJO) assessed
the risk of bias and extracted data from the included studies, and these were independently
checked by a second reviewer (EAS)." However, the reader is not given a clue as to what the
authors mean by "bias" in this context. The absence of a definition and/or criteria for
alleged "bias" makes this parameter meaningless in the manuscript. If the authors are to
include this parameter, they must revise the manuscript to make clear what it is they are
assessing as "bias", and how that assessment was made.

Authors' response: We have expanded the section on risk of bias assessment. Now reads
thus: “We assessed the risk of bias using five domains from the QUADAS-2 criteria [9]; we
adapted this tool because the included studies were not designed as diagnostic accuracy
studies. The domains assessed were: (i) study description - was there sufficient description
of methods to enable replication of the study? (ii) sample sources - was there a clear
description of sample sources? (iii) description of results - was the reporting of study results
and analysis appropriate? (iv) risk of bias - did the authors acknowledge any potential
biases, if yes were any attempts made to address these biases? (v) applicability - is there any
concern that the interpretation of test results differs from the study question? For each bias
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domain, the risk was judged as “low”, “unclear” or “high".”
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