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ARTICLE INFO ABSTRACT

Keywords: The ongoing coronavirus 2019 (COVID-19) pandemic constitutes a concerning global threat to public health and

COVID-19 economy. In the midst of this pandemic scenario, the role of environment-to-human COVID-19 spread is still a

;ARS'COV'Z matter of debate because mixed results have been reported concerning SARS-CoV-2 stability on high-touch
omites

surfaces in real-life scenarios. Up to now, no alternative and accessible procedures for cell culture have been
applied to evaluate SARS-CoV-2 infectivity on fomites. Several strategies based on viral capsid integrity have
latterly been developed using viability markers to selectively remove false-positive qQPCR signals resulting from
free nucleic acids and damaged viruses. These have finally allowed an estimation of viral infectivity. The present
study aims to provide a rapid molecular-based protocol for detection and quantification of viable SARS-CoV-2
from fomites based on the discrimination of non-infectious SARS-CoV-2 particles by platinum chloride (IV)
(PtCly) viability RT-qPCR. An initial assessment compared two different swabbing procedures to recover inac-
tivated SARS-CoV-2 particles from fomites coupled with two RNA extraction methods. Procedures were validated
with human (E229) and porcine (PEDV) coronavirus surrogates, and compared with inactivated SARS-CoV-2
suspensions on glass, steel and plastic surfaces. The viability RT-qPCR efficiently removed the PCR amplifica-
tion signals from heat and gamma-irradiated inactivated SARS-CoV-2 suspensions that had been collected from
specified surfaces. This study proposes a rapid viability RT-qPCR that discriminates non-infectious SARS-CoV-2
particles on surfaces thus helping researchers to better understand the risk of contracting COVID-19 through
contact with fomites and to develop more efficient epidemiological measures.

Viability RT-qPCR
Transmission risk

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
responsible for the current pandemic of coronavirus 2019 (COVID-19),
is an airborne human pathogen transmitted by droplets and aerosols.
Detection of infectious SARS-CoV-2 in urine and faecal samples have
raised concerns about the possible faecal-oral transmission in COVID-19
spread, however this hypothesis has not been fully elucidated (Patel
et al., 2020; Yeo et al., 2020). Furthermore, the question of whether
contaminated surfaces (fomites) contribute to COVID-19 transmission
remains under debate (Goldman, 2020; Mondelli et al., 2020). For
example, inconclusive results have been published regarding the sta-
bility of SARS-CoV-2 on fomites. Riddell et al. (2020) reported the
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persistence of SARS-CoV-2 infectious particles on surfaces for up to 28
days, while other studies described considerably shorter times. Of crit-
ical concern is the evaluation of the risk of SARS-CoV-2 transmission
through contaminated fomites with infectious respiratory secretions or
faecal material. In the context of the current pandemic, environmental
fomite screening by molecular techniques has found SARS-CoV-2 RNA
contamination on food packaging surfaces (Liu et al., 2020), public
transport vehicles (Moreno et al., 2021), hospitals (Liu et al., 2020),
cruise ship surfaces (Kampf et al., 2020), and workplaces (Fernandez--
de-Mera et al., 2020; Harvey et al., 2020). It should be noted however,
that most of the fomite samples that tested positive for SARS-CoV-2 RNA
showed high Cq values (generally > 33 Cq), making it improbable that
they act as environmental reservoirs of infectious viruses (Kampf et al.,
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2020). Additional attempts have assessed the infectivity of SARS-CoV-2
isolated from hospital fomites by cell culture but the recovered viral
particles were found not to be infectious (Mondelli et al., 2020). In
contrast, a similar study detected viable SARS-CoV-2 in surface (bedside
table, floor, remote control, bed rails, and bedsheets) swabs from the
isolation rooms of COVID-19 patients, being the successful cell replica-
tion observed for samples with Cq values lower than 34 (Ahn et al,,
2020). More recently, infectious SARS-CoV-2 has been isolated from
frozen codfish package surfaces (Liu et al., 2020), with no Cq value being
reported.

Although the gold standard to assess infectivity relies on viral
propagation in susceptible cell cultures, its implementation for SARS-
CoV-2 is limited to access to biosafety level 3 laboratories. Given such
noteworthy limitation, human coronavirus surrogates (e.g., E229),
murine coronavirus or porcine epidemic diarrhoea coronavirus (PEDV),
have been used as SARS-CoV-2 surrogates for method development and
inactivation studies (Ahmed et al, 2020a, 2020b, ; Pérez-Cataluna et al.,
2021). More recently molecular approaches based on viability PCR,
either using platinum compounds or photoactivable dyes, have been
applied to assess coronavirus’ virion integrity (Blondin-Brosseau et al.,
2021; Cuevas-Ferrando et al., 2021; Puente et al., 2020; Wurtzer et al.,
2021). Platinum compounds such as platinum chloride (IV) (PtCly)
present some advantages over other photoactivable viability dyes such
as propidium monoazide (PMA) and ethidium monoazide (EMA) (Eliz-
aquivel et al., 2014; Puente et al., 2020; Randazzo et al., 2018a, 2018b)
as they are not sensitive to visible light and are more affordable from an
economic perspective (Karami et al., 2014; Soejima and Iwatsuki, 2016).
Moreover, photoactivation of azo dyes may be prevented in complex
matrices, such as wastewater and molluscs, due to the turbidity, sus-
pended solid and density of concentrated samples (Leifels et al., 2020;
Randazzo et al., 2016, 2018a, Polo et al., 2021).

Here, we report an optimized protocol for the detection and quan-
tification of potentially infectious SARS-CoV-2 particles on fomites
based on a viability RT-qPCR technique. By discriminating non-
infectious SARS-CoV-2 particles on fomites, the method could help to
better understand the risk of contracting COVID-19 through contact
with fomites and to develop more efficient mitigation measures.

2. Material and methods
2.1. Coronavirus stocks

This study used inactivated preparations with SARS-CoV-2 viral
particles obtained from USA-WA1,/2020 isolate and provided by BEIL
Resources (VA, US) after being either gamma-irradiated (5 x 10° RADs)
(NRC-52287) or heat treated (65 °C for 30 min) (NR-52286). For com-
parison purposes, the E229 strain of human coronavirus (ATCC-VR740)
and the CV777 strain of Porcine Epidemic Diarrhoea Coronavirus (PEDV
provided by Friedrich-Loeffler-Institut ,Greifswald, Germany) were
assayed as SARS-CoV-2 surrogates. The E229 and the PEDV are envel-
oped virus member of the Coronaviridae family, genus Alphacoronavirus,
being the former responsible for the common cold in humans and bats
(Gaunt et al.,, 2010) and the latter the etiological agent of porcine
epidemic diarrhoea, a highly contagious intestinal disease causing a
severe diarrhoea in pigs of all ages (Pensaert and de Bouck, 1978).

Both E229 and PEDV were assayed as semipurified in-house prepa-
rations of infected cell lysates from MRC-5 (ATCC- CCL171) and Vero
cells, respectively. Semipurified virus stocks were obtained by centri-
fugation of infected cell lysates at 660xg for 30 min at 2-3 days post
infection for both viruses. MRC-5 and Vero cells were cultured in Dul-
becco’s Modified Eagle’s Medium (DMEM; Biowest, Nuaillé, France)
supplemented with 10% heat-inactivated fetal bovine serum (GE
Healthcare Bio-Sciences, Austria), 100 units/ml of penicillin, 100 mg/
mL of streptomycin, and 0.25 mg/mL of Fungizone® (Antibiotic-Anti-
mycotic 100X, Gibco, Spain) at 37 °C and 5% COs.
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2.2. Swab sampling of coronavirus contaminated surfaces

Two different swabbing methods were compared by artificially
inoculating clean and disinfected steel, plastic and glass surfaces (2 x 2
cm) with a total volume of 15 pL of coronavirus E229, PEDV, and
gamma-inactivated-SARS-CoV-2 suspensions prepared in PBS and con-
taining approximately 10* genomic copies (gc) per each virus.
Contaminated surfaces were dried at room temperature for 30 min, time
needed for inoculum to visually dry. Swabbing method A followed the
recommendations of the ISO 15216:1 standard norm. In brief, the sur-
face under test was intensively swabbed using a sterile, cotton-headed,
plastic-shaft swab moistened in phosphate buffer solution (PBS),
applying a little pressure to detach the viruses. Then, the swab was
immediately immersed in a tube containing 500 pL PBS, vortexed and
then pressed against the side of the tube to release the liquid. The im-
mersion and pressing cycle was repeated three or four times to ensure
maximum yield of virus collection. Swabbing method B adapted the
previously described procedure to EUROTUBO®, a commercial spec-
imen collection swab with a cotton head and plastic-shaft (Deltalab,
Spain) containing 3 mL of transport media whose formulation is confi-
dential. Recapitulating, the swabbing procedures differed on the type
and volume of the elution media (500 pL PBS vs. 3 mL transport media).

Regardless of the method, for each experiment, a recovery control
was prepared by inoculating the same amount of viruses to a single tube
containing 1 mL of either PBS (Method A) or transport media (Deltalab,
Spain, Method B).

2.3. Viral RNA extraction and amplification

Two different viral RNA extraction procedures were compared for
protocol optimization: a) nucleic acid extraction with the bench top
Maxwell® RSC 16 Instrument (Promega, Spain) (referred to as MAX)
using the Maxwell RSC Pure Food GMO and authentication kit (Prom-
ega). The Manufacturer’s recommended protocol was modified ac-
cording to previous laboratory sample-based method optimization
assays (Pérez-Cataluna et al., 2021). Specifically, 400 pL of cetyl-
trimethyl ammonium bromide (CTAB) and 40 pL of proteinase K solu-
tion were added to 300 pL of selected samples, the mix was subsequently
incubated at 60 °C and transferred to the loading cartridge along with
300 pL of lysis buffer. The cartridge was then placed in the Maxwell®
RSC Instrument and the extraction performed by selecting the “Maxwell
RSC Viral total Nucleic Acid” program incorporated in the instrument
software; b) RNA purification with the NucleoSpin RNA virus kit
(Macherey-Nagel GmbH & Co.) (referred to as MN) which was con-
ducted according to the manufacturer’s instructions using an initial
sample volume of 150 pL. SARS-CoV-2 amplification was carried out by
targeting the N1 region of the nucleocapsid gene (CDC, 2020), PEDV’s
primers targeted a 140 bp sequence within the highly conserved M gene
(Zhou et al., 2017). A target region of 70 bp for the membrane protein
HCoV was selected for E229 amplification (Vijgen et al., 2005). All
RT-qPCRs were performed using the One Step PrimeScript™ RT-PCR Kit
(Takara Bio Inc.) on a LightCycler 480 instrument (Roche Diagnostics,
Germany). Thermal cycling conditions and sequences for primers and
probes are shown in Table 1. All reactions were performed in duplicate
and included with nuclease-free water as negative control. Amplifica-
tion curve showing Ct values < 40 were considered as positive and
quantified as follow. For SARS-CoV-2 quantification, a calibration curve
was produced using a quantified SARS-CoV-2 genomic RNA suspension
(VR-1986D™, ATCC, VA, US). Both PEDV and E229 quantification
curves were generated by amplifying serial end-point tenfold dilutions
of viral suspensions in quintuplicates and calculating the numbers of
PCR units (PCRU). Detailed information on calibration curves and R? is
provided elsewhere (Bauerl et al., 2021; Pérez-Cataluna et al., 2021).
Final quantifications were adjusted for the extraction volume of the
swabbing method.
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Table 1
Primers and probes used for the detection of SARS-CoV-2, Porcine Epidemic Diarrhoea Coronavirus (PEDV) and human coronavirus E229.
Virus Primers and Sequence RT-qPCR conditions Reference
probe
SARS- 2019- GACCCCAAAATCAGCGAAAT (CDC, 2019-Novel Coronavirus (2019-nCoV) Real-Time RT-PCR

CoV-2 nCoV_N1-F

PCR (45 cycles)

Diagnostic Panel For Emergency Use Only Instructions for Use, n.d.)

95 °C for 03 s

2019-nCoV_N1- TCTGGTTACTGCCAGTTGAATCTG

R
2019- [FAM]-TCCTGAGGTCAATGCA- ZEN™/3’
nCoV_N1-P Towa Black™

PEDV PEDV_forward CAGGACACATTCTTGGTGGTCTT

RT: 45 °C for 15 min,

55 °C for 30 s

(Zhou et al., 2017)

Preheating: 95 °C for 2 min
PCR (45 cycles)
95 °C for 15 s

PEDV_reverse CAAGCAATGTACCACTAAGGAGTGTT

RT: 45 °C for 15 min,

60 °C for 60 s

Vijgen et al. (2005)

Preheating: 95 °C for 2 min
PCR (45 cycles)
95 °C for 15 s

PEDV _probe [FAM]-ACGCGCTTCTCACTAC-NFQ-[MGB]
E229 229 E-FP TTCCGACGTGCTCGAACTTT

229 E-RP CCAACACGGTTGTGACAGTGA

229 E-TP [FAM]-TCCTGAGGTCAATGCA-NFQ-[MGB]

60 °C for 60 s

2.4. SARS-CoV-2 and surrogates detection limit on fomites

The limits of detection at 95% and 50% confidence intervals (LoDgso
and LoDsqo, respectively) were obtained by detecting ten-fold serially
diluted gamma-irradiated SARS-CoV-2 (5.10 x 10* to 5.1 gc/4 cmz),
PEDV (1.42 x 10* to 1.42 gc/4 cm?) and E229 (2.28 x 10° to 22.8 gc/4
cm?) seeded on glass, steel and plastic surfaces following the selected
sampling Method A coupled with MAX RNA extraction procedure. All
data were compiled from three independent experiments with three
technical replicates for each inoculation level. LoDgso, and LoDsqo, were
calculated according to (Wilrich and Wilrich, 2009).

2.5. Rapid molecular assessment of SARS-CoV-2 viability

A viral viability molecular assay was carried out on heat-inactivated
and gamma-irradiated SARS-CoV-2 recovered from plastic, glass and
steel surfaces following the swabbing method A (based on ISO 15216:1
standard norm). The viability RT-qPCR assay was assessed using both
heat-inactivated and gamma-irradiated SARS-CoV-2 because the mode
of viral inactivation may influence the performance of this technique
(Leifels et al., 2020; Randazzo et al., 2018). Platinum chloride (IV)
(PtCly) was dissolved in DMSO at 1 M and then diluted in water to a final
50 mM ready-to-use stock. For each recovered virus suspension, 300 pL
of sample were incubated at room temperature for 30 min with 0.5
mM-2.5 mM concentrations of PtCly. RNA was immediately extracted
using the MAX RNA extraction procedure as previously described. A
PtCl4 non-treated sample was included as control in each experiment.

2.6. Statistical analyses

All data were compiled from three independent experiments with
three technical replicates for each variable.

Viral recoveries of samples (r) were calculated as a percentage (%)
with respect to the control (virus directly spiked into the buffer)
following the formula:

__recovered viral titer
"~ spiked viral titer

To test the impact of each variable on viral recovery results, data
were subjected to the analysis of variance (ANOVA) followed by Tukey’s
HSD as a post hoc test to obtain homogenous groups. Differences in
means were considered significant when the p-value was <0.05. Sta-
tistical data processing and graphic constructions were done by STA-
TISTICA version 7 (StatSoft Inc., Tulsa, OK, USA) and GraphPad Prism

version 8.0.2 (GraphPad Software, USA) software.
3. Results

3.1. Recovery efficiency and limit of RT-qPCR detection of SARS-cov-2
and surrogates on glass, steel and plastic surfaces

Two swabbing protocols (referred to as Method A and Method B) and
two RNA extraction procedures (referred to as MN and MAX) were
assessed in this study to provide a suitable method to efficiently detect
SARS-CoV-2 RNA on fomites. We determined SARS-CoV-2, PEDV and
E229 recovery yields and the limit of detection at 95 and 50% confi-
dence interval (LODgs¢, and LODsgq,) for each method combination, as
the analytic characteristics for viral detection on spiked glass, steel and
plastic surfaces (Fig. 1; Table 2). Overall, all coronaviruses were effi-
ciently recovered from all surfaces (mean recovery value = 95.77%)
(Fig. 1). Specifically, mean recovery values for gamma-inactivated
SARS-CoV-2 on glass surfaces ranged from 70.28 + 13.58% (Method A
combined with MN extraction), to 112.63 + 10.57% (Method B com-
bined with MAX extraction), and these values were those with the widest
recovery variability among all tested coronavirus. On steel surfaces,
mean recovery values ranged from 40.62 + 11.19% for SARS-CoV-2
recovered by Method A combined with MN extraction, to 164.87 +
23.94% for E229 recovered by Method B combined with MAX extrac-
tion. On plastic surfaces, mean recovery values ranged from 50.32 +
4.55% for SARS-CoV-2 recovered by Method A combined with MN
extraction, to 133.99 + 94.58% for PEDV recovered by Method B
combined with MN extraction. Univariate statistics showed that the type
of virus, the swabbing procedures and extraction methods significantly
affected the recoveries (p < 0.05), but not the type of surfaces (p =
0.062). Interestingly, multivariate analyses showed no statistically sig-
nificant differences for the combination of type of virus, swabbing
procedures and extraction methods (p = 0.83), thus Method A coupled
with MAX was the selected combination for the further assessment of the
limits of detection and SARS-CoV-2 viability assay.

Detection limits of SARS-CoV-2 and its surrogates on different sur-
faces were evaluated through the analysis of serial diluted spiked sam-
ples. The results showed that the combination of swabbing Method A
with MAX semi-automated RNA extraction rendered SARS-CoV-2
LODgso, values of 3.31 x 10% 2.18 x 102, and 6.37 x 102 gc/4 cm?
for glass, steel and plastic surfaces, respectively. The same procedure
yielded mean SARS-CoV-2 LODsq, values of 7.65 x 101, 5.03 x 101, and
1.47 x 10! gc/4 cm? for glass, steel and plastic surfaces, respectively.
The same assay on SARS-CoV-2 surrogates E229 and PEDV resulted in
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Fig. 1. Recovery yields of SARS-CoV-2, PEDV, and E229 on artificially contaminated glass (panel A), steel (panel B) and plastic (panel C) surfaces (4 cm?). Tested
procedures compared two swabbing methods (Method A based on ISO 15216:1 standard norm vs Method B based on commercial specimen collection swab) and two
RNA extraction techniques (MN based on manual column assisted extraction vs MAX semi-automated extraction). For each surface, boxes with the same letter show

differences not statistically significant (p-value < 0.05, Tukey HSD test).

Table 2

Limit of detection at 95 and 50% confidence interval (LODgso, and LODsq,) for SARS-CoV-2 and surrogates PEDV and E229 on glass, steel and plastic surfaces following

the selected sampling Method A coupled with MAX RNA extraction procedure.

Inoculated virus Glass Steel Plastic
Positives® LODoso,” LODs00,” Positives LODogs0, LODsg9, Positives LODosy, LODsgo,
SARS-CoV-2 (gc/4 cm?) 5.10 x 10* 6/6 3.31 x 102 7.65 x 10! 6/6 2.18 x 10> 5.03 x 10! 6/6 6.37 x 102 1.47 x 102
5.10 x 10° 6/6 6/6 6/6
5.10 x 102 6/6 6/6 6/6
5.10 x 10! 2/6 3/6 0/6
510 x 10°  0/6 0/6 0/6
E229 (PCRU/4 cm?) 2.28 x 10° 6/6 1.60 x 10° 3.70 x 10% 6/6 4.92 x 10° 1.14 x 10° 6/6 4.65 x 10° 1.08 x 10°
2.28 x 10* 6/6 6/6 6/6
228 x10°  6/6 5/6 4/6
2.28 x 102 2/6 0/6 2/6
2.28 x 10! 0/6 0/6 0/6
PEDV (PCRU/4 cm?) 1.42 x 10* 6/6 3.60 x 102 8.34 x 10! 6/6 6.94 x 10% 1.61 x 10% 6/6 1.01 x 10° 2.33 x 102
1.42 x 10° 6/6 6/6 6/6
1.42 x 102 4/6 3/6 2/6
1.42 x 10! 1/6 0/6 0/6
1.42 x 10° 0/6 0/6 0/6

2 Virus positive/total number of samples.
b Calculated according to Wilrich and Wilrich (2009).

higher LODgsy, and LODsgy, values. Extended data are presented in
Table 2.

3.2. Application of SARS-CoV-2 viability RT-qPCR on fomites

A viability RT-qPCR assay was optimized testing 0.5-2.5 M PtCly
concentrations in gamma-irradiated and heat-inactivated SARS-CoV-2
suspensions recovered from the artificially contaminated glass, steel,
and plastic surfaces. Compared to the PtCl; untreated control,

significant differences were observed for all tested PtCl4 concentrations
(0.5, 1.0, and 2.5 mM) (Fig. 2). A sharp difference of above one loga-
rithm of gc (ACqs ~ 3.3) was observed with 0.5 mM PtCl,, the lowest
viability marker concentration tested. Viability treatment with 1 mM
PtCl4 resulted in 2-3 log gc reductions (ACgs ~ 9-10). The complete
suppression of the RT-qPCR amplification signal was accomplished
when pretreating the suspensions with 2.5 mM PtCl,,
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Fig. 2. Platinum chloride (PtCly) viability RT-qPCR on gamma-inactivated
(panel A) and heat-inactivated (panel B) SARS-CoV-2 suspensions recovered
from glass, steel and plastic surfaces artificially contaminated with approxi-
mately 6 log;o gc/4 cm? Dashed grey line represents the RT-qPCR limit of
detection. The same letter shows differences not statistically significant for each
surface (p < 0.05, Tukey HSD test).

4. Discussion

The global health crisis caused by the COVID-19 pandemic began in
late 2019, and since SARS-CoV-2 has been confirmed to be excreted in
faeces, urine and nasopharyngeal secretions, surface-mediated trans-
mission of this pathogen has been suggested. Thus, research has been
rapidly oriented to understand the distribution, exposure, and persis-
tence of the virus on fomites as crucial factors for implementing envi-
ronmental surveillance and finally mitigating disease risk.

High-touch fomites in community settings and clinical facilities have
been confirmed to be contaminated by SARS-CoV-2 RNA demonstrating
that the molecular detection on fomites can be used to track contami-
nation, to identify targets for intervention, and finally to guide any
public health response (Ahn et al., 2020; Ben-Shmuel et al., 2020;
Elbadawy et al., 2021; Fernandez-de-Mera et al., 2020; Harvey et al.,
2021; Moreno et al., 2021). However, the risk of infection from touching
a contaminated surface has been determined using different environ-
mental models with surprisingly divergent outcomes ranging from low
to substantial risk estimates (Harvey et al., 2020; Lopman et al., 2011;
Mondelli et al., 2020). Such a discrepancy could be explained by the bias
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introduced by data on viral exposure and persistence generated in
simulated laboratory conditions and those observed in naturally
contaminated real-life scenarios (Goldman, 2020). For example, a
number of studies reported that infectious SARS-CoV-2 spiked on fo-
mites of different materials persist from a few up to 21 days (Ben-Shmuel
et al., 2020; Chin et al., 2020; Kasloff et al., 2021; Riddell et al., 2020;
van Doremalen et al., 2020), while attempts to recover infectious virus
from naturally contaminated fomites were unsuccessful (Ben-Shmuel
et al., 2020; Mondelli et al., 2020) with the only exception of a specific
highly contaminated indoor setting, such as the isolation room of a
COVID-19 patient requiring ventilation (7 positive culture results for
SARS-CoV-2 out 16 samples tested) (Ahn et al., 2020).

Fomite swabbing represents a critical component in environmental
SARS-CoV-2 monitoring, and the analytical performance of the method
significantly impacts the accuracy of downstream detection with either
molecular or cell culture approaches. To shed light on this critical
matter, our work aimed to tackle the first of these hurdles which is the
characterization of the viral recovery rate and the limit of detection of
coronaviruses on fomites following a swabbing procedure and RNA
amplification by RT-qPCR. We have demonstrated the efficient recovery
of coronavirus, including SARS-CoV-2, PEDV and E229, from glass, steel
and plastic surfaces with swabs (mean recovery value = 95.77%) and
their sensitive detection by RT-qPCR (overall LODgs, = 1.60 x 10° gc/4
cm?, and LODsgy, = 4.55 x 102 gc/4 cm?).

Moreover, PBS swabbing (Method A) and semiautomatic extraction
(MAX) was revealed to be a sensitive method to recover SARS-CoV-2
from fomites given 3.95 x 102 and 9.13 x 10, gc/4 cm? as LODogsy,
and LODs, respectively. CDC-approved (SYN), consumer-grade (CGp),
and bulk (TMI) swabs were recently assessed as an alternative to
clinical-grade hospital tests for SARS-CoV-2 recovery from fomites. The
resulting LOD values ranged from 3.62 x 102 (SYN) to 1.45 x 10° (CGp
and TMI) gc on an approx. 26 cm? area (Minich et al., 2021), a figure in
the same order of magnitude as our findings.

Our multivariate results showed no statistical differences for the
combination of type of virus, swabbing procedures and extraction
methods, finally demonstrating E229 and PEDV as suitable surrogates
for SARS-CoV-2 to define viral recovery from surfaces. Similarly, Guil-
lier and colleagues analysing data of Alphacoronavirus and Betacor-
onavirus, concluded that the persistence of different coronaviruses on
fomites is comparable (2020). However, when defining the LoD, we
observed some variability being PEDV more similar to SARS-CoV-2 than
E229. Multiple mechanisms may explain the slight different LoD of
surrogates compared to SARS-CoV-2 on surfaces, including the effect of
desiccation on the viruses (Cox, 1993). Considering the use of our pro-
cedure in terms of routine fomite monitoring, the combination of PBS
with semiautomatic extraction represents additional advantages such as
overcoming the shortage of lab consumables and curtailing the turn-
around time for results. However, the efficiency of coronavirus recovery
from hard surfaces other than stainless steel, glass and plastic may be
lower and requires further evaluation. As well, our analytical de-
terminations are based on contaminated surfaces with viral suspensions
prepared in cell culture medium. Even beyond the scope of this work,
additional experiments should confirm the performance of the proposed
swabbing and detection workflow for coronavirus in human secretions
(e.g. saliva, urine, nasal mucus).

Molecular detection does not reveal viral infectivity and viral repli-
cation in permissive cell line is not sensitive enough for environmental
samples. Thus, alternative approaches need to be explored to charac-
terize the health risk from exposure and persistence of SARS-CoV-2 on
fomites. We therefore suggest a basic protocol to apply a viability RT-
gqPCR method for SARS-CoV-2 in environmental swabbing with the
aim of differentiating intact and damaged viral particles, and free RNA.
Based on findings recently published in a study by our group (Cue-
vas-Ferrando et al., 2021), we demonstrated that a viability RT-qPCR
using 2.5 mM PtCly prevented PCR amplification (>4 log of genome
copies/4 cm?) of inactivated SARS-CoV-2 recovered from fomites.
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Given the much longer stability of RNA compared to infectious
particles demonstrated for SARS- CoV-2 on fomites (Kasloff et al., 2021),
the viability RT-qPCR allows the elimination of the PCR signals of free
RNA and damaged particles (at least partly) thus finally providing more
robust data on potential viral infectivity to be used for viral exposure
and persistence estimates.

Moreover, the viability RT-qPCR provides results in a significantly
shorter turnaround time (a few hours vs days) and benefits from a better
analytical sensitivity than conventional cell-culture procedure. This is
an aspect of extreme value for the timely implementation of epidemio-
logical control measures, and also considerably expands the number of
laboratory facilities where these investigations can be carried out given
the BSL-3 requirements needed to cultivate SARS-CoV-2.

In summary, our findings primarily suggest detection of SARS-CoV-2
RNA in the environment could be performed using less expensive and
PBS-based storage solutions, without loss of analytical sensitivity.
Additional studies would confirm the use of viability RT-qPCR to infer
potential infectivity of SARS-CoV-2 samples recovered from fomites,
greatly supporting the environmental surveillance of COVID-19 world-
wide, particularly in resource-limited communities.
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