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Wastewater-based epidemiology (WBE) is a useful tool that has the potential to act as a complementary ap-
proach tomonitor the presence of SARS-CoV-2 in the community and as an early alarm system for COVID-19 out-
break. Many studies reported low concentrations of SARS-CoV-2 in sewage and also revealed the need for
methodological validation for enveloped viruses concentration in wastewater. The aim of this study was to eval-
uate differentmethodologies for the concentration of viruses inwastewaters and to select and improve an option
that maximizes the recovery of SARS-CoV-2. A total of 11 concentration techniques based on different principles
were evaluated: adsorption-elution protocolswith negatively chargedmembranes followedbypolyethylene gly-
col (PEG) precipitation (Methods 1–2), PEG precipitation (Methods 3–7), aluminum polychloride (PAC) floccu-
lation (Method 8), ultrafiltration (Method 9), skim milk flocculation (Method 10) and adsorption-elution with
negatively charged membrane followed by ultrafiltration (Method 11). To evaluate the performance of these
concentration techniques, feline calicivirus (FCV) was used as a process control in order to avoid the risk associ-
ated with handling SARS-CoV-2. Two protocols, one based on PEG precipitation and the other on PAC floccula-
tion, showed high efficiency for FCV recovery from wastewater (62.2% and 45.0%, respectively). These two
methods were then tested for the specific recovery of SARS-CoV-2. Both techniques could recover SARS-CoV-2
from wastewater, PAC flocculation showed a lower limit of detection (4.3 × 102 GC/mL) than PEG precipitation
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(4.3 × 103 GC/mL). This work provides a critical overview of current methods used for virus concentration in
wastewaters and the analysis of sensitivity for the specific recovery of SARS-CoV-2 in sewage. The data obtained
here highlights the viability of WBE for the surveillance of COVID-19 infections in the community.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the etiological agent of coronavirus disease 2019 (COVID-19), is primar-
ily transmitted through respiratory droplets, aerosols and fomites
(WHO, 2020). Diarrhea is also reported in a significant proportion of
the COVID-19 patients and recent reports show that infectious virions
or viral RNA of SARS-CoV-2 have been detected in stool samples of
COVID-19 cases and asymptomatic individuals (Chen et al., 2020; Ling
et al., 2020; Wang et al., 2020). Indeed, individuals infected with
SARS-CoV-2 have been reported to shed the virus in the stool for
prolonged periods and with viral loads that can reach up to 1 × 106 ge-
nomic copies (GC) per gram of fecal material (Amirian, 2020; Yeo et al.,
2020). Moreover, SARS-CoV-2 RNA has been found in sewage (Ahmed
et al., 2020a; Medema et al., 2020), opening a new perspective in the
survey of SARS-CoV-2 carriers.

Although in the COVID-19 pandemic several efforts aremade to have
a careful monitoring of the infected population, the precise number of
infected people is difficult to assess, especially because of the high pro-
portion of infected people that exhibit only few or no symptoms but
could excrete and silently transmit the virus (Li et al., 2020; Rothe
et al., 2020). Therefore, sewage surveillance could serve to monitor the
circulation of the virus in the community, encompassing symptomatic
and asymptomatic secretors, complementing thus current clinical sur-
veillance. Moreover, wastewater-based epidemiology (WBE) could be
useful as an early sign system of (re-) emergence of SARS-CoV-2, identi-
fication of outbreaks in the community and typing the strains circulating
in the community (Polo et al., 2020).

Methods to recover SARS-CoV-2 from wastewater have varied
widely in the recent reportswith implications for their cost, access to re-
agents and scalability. In addition, prior investigations demonstrated
that some standard virus concentration methods are inefficient to re-
cover enveloped viruses from environmental water samples (Kitajima
et al., 2020).

Some researchers concentrate and purify viral particles using ultra-
filtration devices (Medema et al., 2020). Other groups had some success
by filtrating the viral particles through electronegative membranes
(Ahmed et al., 2020a). Different protocol variants of polyethylene glycol
(PEG) precipitation are also used for viral concentration (Ahmed et al.,
2020a;Wu et al., 2020). Another simple procedure reported is the ultra-
centrifugation of the wastewater, but it requires an equipment that is
not often available in many laboratories (Wurtzer et al., 2020; Prado
et al., 2020). Finally, aluminum-driven flocculation has consistently de-
tected SARS-CoV-2 RNA in sewage samples when communicated cases
in those regions were only incipient or not declared at all (Randazzo
et al., 2020a; Randazzo et al., 2020b).

The goal of our investigation was to evaluate different methods for
the concentration of viruses in wastewater in order to select and im-
prove a concentrating option that maximizes the recovery of SARS-
CoV-2 in this complex matrix.

2. Materials and methods

2.1. Sewage samples

Five raw sewage samples were collected between the 27th of
March and the 20th of October 2020, from a wastewater treatment
plant (WWTP) located at Neuquen city, in the province of Neuquen,
2

Argentina. Two and a half liters of grab samples were collected from
the WWTP influent, immediately stored at 4 °C, and dispatched to
the Center of Research and Technological Assistance to the Industry
(CIATI) for analysis.

2.2. Sewage seeding with feline calicivirus

Feline calicivirus (FCV), a non-enveloped, positive sense RNA genome
virus (Etherington et al., 2006) member of the Caliciviridae family, genus
Vesivirus, was used as a process control as it causes acute, self-lining oral
and upper respiratory tract disease in cats and is not expected to be asso-
ciated with human illnesses (Radford et al., 2007; Mattison et al., 2009).
Briefly, subsamples of 200 mL of two sewage samples were seeded with
1.2 × 105 PCR units of FCV and subjected to viral concentration. One
PCR Unit was defined as the last dilution of a sample from which the
FCV genome could be amplified. Thus, the titer of viral RNA in a sample
was the reciprocal of that dilution. One sewage sample was used for the
first round of analysis, and the other sample for the duplicate.

2.3. Viral concentration

FCV was concentrated by duplicate from the seeded sewage samples
using eleven previously published methods, with modifications as
noted. These methods are referred as Methods 1–2 (adsorption-elution
based protocols with negatively charged membranes followed by PEG
precipitation), Methods 3–7 (PEG precipitation protocols), Method 8
(aluminum polychloride flocculation, PAC), Method 9 (ultrafiltration),
Method 10 (skim milk flocculation) and Method 11 (adsorption-elution
with negatively chargedmembrane followed by ultrafiltration) (Table 2).

Method 1 (Katayama et al., 2002) began with the filtration of the
sewage sample through a 0.2 μmpore-sizemembrane (MerckMillipore
Ltd) to remove bacterial cells and debris. Then MgCl2 was added to a
final concentration of 2.5 mM and pH was adjusted to 3.5. The condi-
tioned sample was then passed through a 0.45 μm negatively charged
membrane (Merck Millipore Ltd). Subsequently, 0.5 mM H2SO4

(pH 3.0) was passed through the membrane to remove cations prior
to viral elution with 3 mM NaOH (pH 10.5). For neutralization, 50 μL
of 100 mM H2SO4 (pH 1.0) and 100 μL 100 X Tris-EDTA buffer
(pH 8.0) were added. The eluate was further concentrated by PEG pre-
cipitation by adding PEG 6000 to a final concentration of 12.5% (w/v)
and NaCl to 0.3 M. The resulting suspension was stirred for 1 h at 4 °C
and centrifuged at 10,000 ×g for 30 min. The PEG-containing superna-
tant was discarded and the pellet was suspended in 500 μL PBS and
stored at−70 °C until further processing.

Method 2 is amodified version ofMethod 1. Briefly, the sewage sam-
ple was centrifuged at 5000 ×g for 5 min before membrane filtration.
Then, as in Method 1, supernatants were passed through 2 μm mem-
branes, conditioned with MgCl2 and passed through a 0.45 μm nega-
tively charged membrane. Subsequently, 0.5 mM H2SO4 (pH 3.0) was
passed through the membrane to remove cations prior to viral elution
with Tris Glycine 1% Beef Extract buffer (pH 9.5). The eluate was stirred
for 20 min at room temperature to release the membrane-adsorbed vi-
ruses and then pH was adjusted to 7.0. Viruses were further concen-
trated by PEG precipitation as in Method 1.

Method 3 (Wu et al., 2020) began with the filtration of sewage
through a 0.2 μm membrane. Then, the eluate was concentrated by
PEG precipitation by adding PEG 6000 to a final concentration of 8%
(w/v) and NaCl to 0.3 M. Immediately after that, the sample was
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centrifuged at 12,000 ×g for 2 h. The PEG-containing supernatant was
discarded and the pellet was suspended in 300 μL lysis buffer from the
Direct-zol RNA MiniPrep Kit (Zymo Research) for further RNA
extraction.

In Method 4 (Lewis and Metcalf, 1988) sewage was centrifuged at
4750 ×g for 20 min at 4 °C. Supernatant (S1) was maintained at 4 °C
to be used later and the sediment was mixed with 3% Beef extract/2 M
NaNO3 eluant (pH 5.5) and stirred for 1 h at 4 °C. Solids were then re-
moved by centrifugation at 10,000 ×g for 20 min and the eluate was
mixed with the first supernatant obtained (S1) and adjusted to pH 7.2.
PEG 6000 was added to a final concentration of 10% (w/v) and NaCl to
2% (w/v). The resulting suspensionwas stirred for 2 h at 4 °C and centri-
fuged at 10,000 ×g for 25 min. The PEG-containing supernatant was
discarded and the pellet was suspended in 2 mL PBS (pH 7.2), adjusted
to pH 8.0, incubated for 1 h with occasional vortex, and centrifuged at
10,000 ×g for 20 min. The supernatant was stored at−70 °C.

Prior to viral concentration steps of Method 5 (Kocamemi et al.,
2020), sewage was shaken at 4 °C at 100 rpm for 30 min to transfer vi-
ruses to the aqueous phase. Then, bacterial debris and large particles
were removed from the samples by centrifugation at 7471 ×g for
30 min at 4 °C. Supernatant was filtered through a 0.45 μm membrane
to remove remaining particles and the filtrate was mixed thoroughly
with PEG 6000 (10% w/v) and NaCl (0.3 M) by shaking for 1 min. The
mixture was incubated at 4 °C at 100 rpm for at least 2 h. Following in-
cubation, viruses were precipitated by centrifugation at 7471 ×g for 2 h
at 4 °C. Supernatant was removed carefully and pellets were suspended
with 200 μL water. The supernatant was stored at −70 °C.

Method 6 (Iwai et al., 2009; Thongprachum et al., 2018) began with
the addition of 16 g PEG 6000 (8% w/v) and 4.6 g NaCl (0.4 M) to the
sewage. The suspension was stirred at 4 °C for 2 h and then centrifuged
at 10,000 ×g for 30 min at 4 °C. The pellet was suspended in 2 mL of
RNase-free distilled water and stored at −70 °C.

Method 7 (Lewis and Metcalf, 1988; Greening et al., 2002) began
with the adjustment of pH to 6.5–7.2 and the addition of PEG 6000
(10% w/v) and NaCl (0.3 M). The solution was stirred for 2 h at 4 °C
and then centrifuge at 10,000 ×g for 25 min at 4 °C. The PEG-
containing suspension was discarded and the pellet was suspended in
1 mL PBS (pH 7.2). Then, pH was adjusted to 8.0 and the solution was
incubated at room temperature for 1 h with occasional agitation. After
incubation, the suspension was centrifuged at 10,000 ×g for 20 min
and the supernatant was stored at −70 °C.

In Method 8 (Randazzo et al., 2020a) an Al(OH)3 precipitate was
formed by adding 1:100 v/v of 9% aluminum polychloride solution, pH
was adjusted to 6.0 and the solution was gently agitated for 30 min at
room temperature. Then, the sample was centrifuged at 1700 ×g for
20 min. Pellets were resuspended into 10 mL of 3% beef extract
(pH 7.4), shacked for 20 min at 80 rpm and centrifuged at 1900 ×g for
30min. The pelletwas resuspended in 1mL of PBS and stored at−70 °C.

Method 9was based on ultrafiltration. Sewage was centrifuged dur-
ing 1 h at 10,000 ×g at 4 °C and the pellet was resuspended in 10mLTris
Glycine 1% Beef Extract (pH 9.5). After 1 h slow agitation at 4 °C, the
sample was centrifuged at 10,000 ×g for 30 min at 4 °C. Then the pH
of the supernatant was adjusted at 7.0 and was subsequently concen-
trated using a Centriprep YM-50 ultrafiltration device (Merck Millipore
Ltd) by centrifuging at 1500 ×g for 10min. 1.5mL of concentrated sam-
ple was collected from the filter device sample reservoir using a pipette
and was stored at−70 °C.

Method 10 (Assis et al., 2017) was based on skim milk flocculation.
The viruses in the sewage were precipitated by high speed centrifuga-
tion at 10,000 ×g for 1 h at 4 °C. The pellet was eluted by adding
0.25 N glycine buffer (pH 9.5) to achieve a relation 1:9 (v/v). The solu-
tion was stirred for 30 min and centrifuged at 8000 ×g for 30 min at
4 °C. The supernatant was transferred to a new 50 mL falcon tube and
the pH was adjusted to 3.5. The pre-flocculated skimmed-milk solution
(1%w/v)was prepared as previously described (Calgua et al., 2013) and
was added to the supernatant in order to obtain a final concentration of
3

0.05% (w/v) of skimmed-milk. Samples were stirred slowly for 3 h at
room temperature to allow floc formation and were precipitated by
centrifugation at 8000 ×g for 30 min at 4 °C. The supernatants were
carefully removed and the pellet was dissolved in 500 μL of PBS
(pH 7.2). The final viral concentrates were stored at −70 °C.

Method 11 consisted of the combination ofMethods 1, 4 and 9. Briefly,
the sewagewas first centrifuge at 4750×g for 20min at 4 °C. Supernatant
(S1) wasmaintained at 4 °C to be used later and the sediment wasmixed
with 3% Beef extract/2MNaNO3 eluant (pH5.5) and stirred for 1 h at 4 °C.
Solids were then removed by centrifugation at 10,000 ×g for 20 min and
the eluatewasmixedwith the first supernatant obtained (S1). 2MMgCl2
was added to obtain a final concentration of 25 mM, pH was adjusted to
3.5 and was subsequently passed through a 0.45 μm negatively charged
membrane (Merck Millipore Ltd). 0.5 mM H2SO4 (pH 3.0) was passed
through the membrane prior to viral elution. Then, the membrane was
placed in a 50mL falcon tubewith 3mMNaOH (pH 10.5) andwas stirred
for 5min. For neutralization, 50 μL of 100mMH2SO4 (pH 1.0) and 100 μL
100 X Tris-EDTA buffer (pH 8.0) were added. The eluate was further con-
centrated by using a Centriprep YM-50 ultrafiltration device (Merck
Millipore Ltd) by centrifuging at 1500×g for 10min. 1mL of concentrated
sample was collected from the filter device sample reservoir using a pi-
pette and was stored at−70 °C.

2.4. RNA extraction and molecular detection of FCV

200 μL of the viral concentrates were subjected to RNA extraction
using the commercial kit Direct-zol RNA Miniprep (Zymo Research) to
obtain 25 μL of RNA extract, according to the manufacturer's instruc-
tions. Five microliters of the viral RNA solution were subjected to one
step real time RT-PCR assay for quantitative detection of the seeded
FCV, using the kit WHATfinder Recovery Efficiency (Generon S.p.A.)
and the primers and probe described by Di Pasquale et al. (2010). A
standard curve (106 to 101 PCR units per reaction) was generated
using tenfold serial dilutions of a FCV standard of known concentration.

2.5. Sewage seeding with SARS-CoV-2

Previous to viral seeding, subsamples of 200 mL of three sewage
samples were concentrated by PEG precipitation (Method 7) and PAC
flocculation (Method 8) and further analyzed for SARS-CoV-2 detection,
as described below, to ensure that they did not have natural contamina-
tion with the virus. Then, 200 mL of the sewage samples were seeded
with a clinical sample positive for SARS-CoV-2 to a final concentration
of 4.3 × 104 genomic copies/mL (GC/mL). Serial dilutions (10−1, 10−2

and 10−3) of the SARS-CoV-2 sample were tested in triplicate in order
to determine the limit of detection of the methodology. Samples were
then concentrated following the methodology described above as
Methods 7 (based on PEG precipitation) and 8 (based on PAC floccula-
tion). As negative control sewage not seeded with the clinical SARS-
CoV-2 sample were tested in parallel. To ensure occupational safety a
certified type 2 biological safety cabinet and standard personal protec-
tive equipment (PPE), such as water-repellent romper, disposable coif,
boots, shoe covers, disposable gowns, double pair of gloves, safety
glasses and N95 respirator, were used.

2.6. RNA extraction and molecular detection of SARS-CoV-2

200 μL of the viral concentrateswere subjected to proteinase K treat-
ment and RNA extraction using theMaxwell® RSC 48 Extraction System
(Promega) to obtain 50 μL of RNA extract, according to themanufactur-
er's instructions. Five microliters of the viral RNA solution were sub-
jected to one-step real time RT-PCR assay with primers and TaqMan
probe sequences that target regions of the SARS-CoV-2 nucleocapsid
gene (N1 and N2), which are described by the US Centers for Disease
Control and Prevention design (CDC, 2020). The internal control for
the test is RNase P, which is a conserved nucleic acid sequence present
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in human samples. A standard curve (106 to 101 GC per reaction) was
generated using tenfold serial dilutions of a SARS-CoV-2 plasmid control
(2019-nCoV_N_Positive Control) provided by IDT (Integrated DNA
Technologies) containing the complete nucleocapsid gene. The RT-PCR
assays were performed using a Bio-Rad CFX96 thermal cycler (Bio-Rad
Laboratories).

2.7. RT-qPCR controls and interpretation

All the samples were tested undiluted and diluted 10-fold to evaluate
the effect of RT-PCR inhibitors. Positive and negative controls were in-
cluded in each RT-qPCR run. A sample that had a cycle threshold (Ct)
value below 43, with no evidence of amplification in the negative control
(threshold not reached after 45 cycles) was considered positive. All the
amplification reactions were run in duplicate in two independent assays.

2.8. Recovery efficiency

FCV and SARS-CoV-2 recovery efficiency for each concentration
method was calculated based on the copies quantified by RT-qPCR as fol-
lows: Recovery Efficiency (%) = (Virus recovered / Virus seeded) × 100.

The mean and standard deviation for each concentration method
was calculated.

2.9. Statistical analysis

The one-way analysis of variance (ANOVA) was used to determine
whether there was a difference in FCV recovery among the concentra-
tion methods analyzed.

3. Results

3.1. Viral concentration methods efficiency

As preliminary screening of methods, eleven different protocols
were initially evaluated. Themean efficiencies of the viral concentration
methods tested for FCV recovery varied from 0% to 62.2% (Table 1), with
an average of 10.7%. Methods 7 (a PEG precipitation approach) and 8
(based on PAC flocculation) revealed media recovery rates above 40%,
Method 4 achieved a recovery rate of 9.9% and the other methods had
media efficiency yields ≤1%.

3.2. Recovery of SARS-CoV-2 RNA from seeded wastewater samples

As Method 7 and 8 performed statistically better than the other eval-
uated methods (P < 0.05), SARS-CoV-2 was recovered from the seeded
sewage samples after viral concentration with both methods. In order to
Table 1
Recoveries of feline calicivirus (FCV) from seeded sewage samples. 200 mL sewage was
seeded by duplicate with 1.2 × 105 PCR units of FCV. Each concentrated sample was ana-
lyzed by RT-qPCR by duplicate.

Concentration
method

FCV recovered (PCR units) ± SDa Mean recovery
(%) (range)

1 NDb 0
2 5.5 ± 9.3 <1
3 ND 0
4 1.2 × 104 ± 1.6 × 104 9.9 (0.7–30.5)
5 ND 0
6 2.7 ± 3.0 <1

7 7.3 × 104 ± 3.7 × 104
62.2
(30.5–104.2)

8 5.3 × 104 ± 2.3 × 104 45.0 (28.2–70.8)
9 ND 0
10 1.1 × 103 ± 7.2 × 102 1.0 (0.2–1.6)
11 6.5 × 101 ± 6.6 × 101 <1

a SD: standard deviation.
b ND: Not detected.
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determine the limit of detection of SARS-CoV-2 by these two methods,
three serial dilutions of the viral stock were analyzed in triplicate. The in-
ternal control Rpwas detected in all the samples analyzed. Theminimum
amount of the viral RNA detected was equivalent to 4.3 × 103 GC/mL by
Method 7 and 4.3 × 102 GC/mL by Method 8 (Table 3). None of the
methods could recover SARS-CoV-2 gene N1 or N2 at viral concentrations
lower than 102 GC/mL in any sample. When wastewaters were seeded
with SARS-CoV-2 concentration higher than 4.3 × 102 GC/mL PEG precip-
itation revealed a mean recovery of 8.4% and PAC flocculation of 24.0%.

4. Discussion

WBE is a useful tool to monitor infectious diseases spread in the
community. Lately, there has been growing evidence of the presence
of SARS-CoV-2 genome in wastewater. However due to its high chemi-
cal and biological complexity, wastewater may result in low viral recov-
ery yields, poorly reproducible yields or both (Shi et al., 2017). In
addition, both particulate and dissolved constituents inherently present
inwastewater get concentrated alongwith the target virus and can hin-
der the detection of viruses and influence the viral recovery yield of the
concentration method (Michael-Kordatou et al., 2020). Therefore, a
major challenge in SARS-CoV-2detection inwastewater is to have an ef-
fective, standardized and optimized protocol for viral concentration
(Bivins et al., 2020; Haramoto et al., 2020).

According to the available literature, there are numerous methodo-
logical approaches for concentrating viruses in sewage, such asfiltration
with chargedmembranes, precipitation, flocculation, ultrafiltration and
ultracentrifugation (Stals et al., 2012). Some of these methodologies
have already been used to recover SARS-CoV-2 from sewage (Ahmed
et al., 2020b; Medema et al., 2020; Randazzo et al., 2020a; Wu et al.,
2020), but limited information is available on the efficiency yields of
the existing virus concentration methods for SARS-CoV-2 recovery
(Ahmed et al., 2020b).

To evaluate the performance of the concentration techniques, virus
substitutes are commonly used due to the risk associatedwith handling
SARS-CoV-2. Since FCV is a virus with a single-stranded positive-sense
RNA genome, similar to SARS-CoV-2, and testing FCV is simple and
safe, it was chosen as amodel for SARS-CoV-2 to evaluate the concentra-
tion efficiency. The use of a non-enveloped virus such as FCV, provides
an estimation of the recovery efficiency of the methods and allows to
evaluatewhether the protocolsworked correctly, but further evaluation
with SARS-CoV-2 should be carried out. Based on the equipment avail-
able in our laboratory, eleven different methods were evaluated to con-
centrate viruses in wastewater.

Three of the testedmethods were efficient to recover FCV from sew-
age, two based on PEG precipitation (Methods 4 and 7) and the other on
PAC flocculation (Method 8). Of these three methodologies, Methods 7
and 8 showed mean recovery efficiencies higher than 40%.

Concentration methods based on viral filtration through charged
membranes were not efficient for FCV recovery. It must be pointed
out that high particulate and dissolved constituents present in the sam-
ples plugged the filters andmore than 2 chargedmembranes were nec-
essary for concentrating a 200mL untreated sewage sample, evenwhen
pre-filtration or centrifugation steps were added in order to decrease
the organic matter present in the samples. Our results disagree with
Ahmed et al. (2020a) who have successfully used charged membrane
filtration to recover murine hepatitis virus, a human coronavirus surro-
gate in sewage. The difference in the recovery yields may be related to
the volume of sample processed. Larger volumes of wastewater were
analyzed in this study,which resulted difficult tofilter due tomembrane
clogging. Also, although no total inhibition of the RT-qPCR tests were
noted in our study, the processing of larger volumes of samples could
lead to the co-concentration of greater quantities of inhibitory sub-
stances and ultimately impact in the recovery yields.

Moreover, Ahmed et al. (2020a) analyzed the concentration of
enveloped viruses while in our study electronegative membranes



Table 2
Summary of the viral concentration methods used in this study.

aPEG: polyethylene glycol; bPAC: aluminum polychloride.
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were tested for the recovery of a non-enveloped virus. Some authors re-
ported that enveloped viruses have a greater adsorption efficiency to
electronegative membranes than non-enveloped viruses, like FCV
(Haramoto et al., 2009; Ye et al., 2016). However, Randazzo et al.
(2020a) reported similar recovery yields for mengovirus (a non-
enveloped virus) and porcine epidemic diarrhea virus (an enveloped
virus member of the Coronaviridae family) when processing the sam-
ples by aluminumhydroxide adsorption-precipitation, and also their re-
sults are in line with the mengovirus recoveries reported for other
concentration methodologies.

In the present study, we could not recover FCV by ultrafiltration
using a centrifugal concentration device. It is probable that the high
concentration of particulate matter could interfere with the viral
Table 3
SARS-CoV-2 recovery from sewage samples concentrated by PEG precipitation and PAC floccu

Concentration method SARS-CoV-2 seeded (GC/mL) SARS-CoV-2 recover

Detection (n detecte

N1 gene

PEG precipitation (Method 7)
4.3 × 103 3/3
4.3 × 102 2/3
4.3 × 101 0/3

PAC flocculation (Method 8)
4.3 × 103 3/3
4.3 × 102 3/3
4.3 × 101 0/3

a SD: standard deviation.

5

concentration, although a centrifugation and viral elution steps were
added before ultrafilter centrifugation. Moreover, it was also reported
by others that viral recovery efficiency varied greatly based upon the
centrifugal concentration device utilized and that not all centrifugal de-
vices can effectively concentrate SARS-CoV-2 fromwastewater (Ahmed
et al., 2020a).

Methods 7 (a PEG precipitation approach) and 8 (based on PAC floc-
culation), which showed the best yields for FCV recovery from waste-
water, were tested for the specific concentration of SARS-CoV-2. PAC
flocculation showed a limit of detection of 4 × 102 GC/mL of SARS-
CoV-2 in sewage, and the PEG precipitation approach revealed a limit
of detection of 4 × 103 GC/mL. However, recoveries obtained by both
concentration methods were variable, suggesting that the quantitative
lation.

ed Mean recovery (%) (range)

d/n tested) Mean concentration (GC/mL) ± SDa

N2 gene

3/3 3.2 × 102 ± 3.4 × 102 7.4 (2.7–16.7)
0/3 4.0 × 101 ± 6.3 × 101 9.4 (0–26.4)
0/3 0 0
3/3 3.9 × 102 ± 4.5 × 102 9.2 (0.7–21.0)
3/3 1.7 × 102 ± 2.0 × 102 38.8 (7.8–93.6)
0/3 0 0
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analysis is difficult and somewhat random. Although PAC flocculation
showed a better efficiency for SARS-CoV-2 recovery, it turned out
more tedious when sewage samples had high loads of particulate and
dissolved constituents.

Different RNA extractionmethodswere used for FCV and SARS-CoV-
2 in wastewaters because the analysis of FCV was a preliminary assay
and then, for the specific recovery of SARS-CoV-2 different RNA extrac-
tion kits were assessed and evaluated to obtain the best recovery effi-
ciencies. The nucleic acid extraction step is also a critical point in virus
recovery from wastewaters which should be evaluated in depth.

Previous studies have suggested that coronavirusesmay be bound to
particulate matter in sewage (Gundy et al., 2009; Ye et al., 2016). It is
likely that the two methodologies tested in this study were efficient in
SARS-CoV-2 recovery as they incorporate the concentration of viral par-
ticles suspended in the liquid phase but also those bound to the solid
fractions of the sewage.

Recently, Ahmed et al. (2020a) evaluated and compared different
virus concentration techniques for the recovery of a surrogate of
SARS-CoV-2 fromuntreatedwastewater. Also, Rusiñol et al. (2020) pub-
lished a review on viral concentration methods from wastewater using
different surrogate viruses, some enveloped and other non-enveloped
viruses. Although the use of surrogates provides an estimation of the re-
covery efficiency of the methods, this could be different for the virus of
interest because every single virus will have a different behaviour dur-
ing viral concentration. In this sense, to the best of our knowledge this
is the first study that evaluates the efficiency of concentration methods
for the specific recovery of SARS-CoV-2 and also the first in determining
the limit of detection of the methodologies. The methods implemented
in this study are being routinely used in our laboratory for the analysis
of sewage from different cities of Argentina, revealing good perfor-
mance for the early detection of SARS-CoV-2 in placeswith low viral cir-
culation in the community (data not shown). The data obtained here
highlights the viability of WBE for the surveillance of COVID-19 infec-
tions in the community.

5. Conclusions

A critical overview of current methods used for virus concentration
in wastewaters was carried out in this study.

PEG precipitation and PAC flocculation protocols were efficient for
SARS-CoV-2 concentration and recovery from wastewaters.

PAC flocculation showed a lower limit of detection (4.3 × 102 GC/
mL) than PEG precipitation (4.3 × 103 GC/mL).
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