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• Wastewater-based epidemiology is a
promising tool for COVID-19 environ-
mental surveillance.

• An experimental WBE sampling site
network was tested for public health
purposes.

• SARS-CoV-2 RNA was detected by RT-
qPCR in untreated and treated waste-
waters.

• Detection power is estimated at least
equal to 1 case out of 388 to 822 inhab-
itants.

• Persistence of viral RNA after 24 h in re-
frigerated samples was also confirmed.
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Background: Clinical detection of SARS-CoV-2 RNA in stools supports the idea of wastewater-based epidemiology
(WBE) as a precious tool for COVID-19 environmental surveillance. Successful detection of SARS-CoV-2 RNA in
untreated wastewaters has been reported in several countries. This study investigated the presence and persis-
tence of viral RNA in treated and untreated wastewaters in Padua, Italy. An urban experimental network of sam-
pling sites was tested for prospective surveillance activities.
Methods: Seven sampling sites (i.e. wastewater pumping stations, plant inlets and outlets)were selected from the
twomainmunicipal wastewater treatment plant systems. Eleven grab samples (9 untreated, 2 treatedwastewa-
ters)were collected on 2 dates. All sampleswere tested at t0 for SARS-CoV-2 RNA and t1= 24 h to investigate its
persistence, at room temperature and under refrigerated conditions. Overall, 33 sub-samples were concentrated
by ultrafiltration and tested for molecular detection of viral RNA with two RT-qPCR assays.
Results:At t0, positivity for at least one RT-qPCR assaywas achieved by 4/9 untreatedwastewater samples and 2/
2 tertiary treated samples. A minimum SARS-CoV-2 titer of 4.8–4.9 log10 gc/L was estimated. At t1, three refrig-
erated subsamples were positive as well. The two RT-qPCR assays showed differential sensitivity, with the N
assay detecting 90% of successful amplifications.
Conclusions: SARS-CoV-2 RNA was detected in untreated and treated wastewaters. Its persistence after 24 h was
demonstrated in subsamples kept at 4 °C. Hospitalization data suggested an approximate WBE detection power
of 1 COVID-19 case per 531 inhabitants. The possible role of WBE in COVID-19 environmental surveillance is
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strongly supported by our findings.WBE can also provide precious support in the decision-making process of re-
striction policies during the epidemic remission phase. Optimization and standardization of laboratory methods
should be sought in the short term, so that results from different studies can be compared with reliability.

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

Current evidence suggests that the novel Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) pandemic virus primarily
spreads via droplet and airborne transmission (e.g. Li et al., 2020;
Morawska and Cao, 2020; Zhang et al., 2020). Nevertheless, as previ-
ously described for SARS and MERS viruses (Chen et al., 2006), several
authors are reporting how SARS-CoV-2 RNA can be found in stool sam-
ples of symptomatic, asymptomatic and pre-symptomatic COVID-19
patients (Jiang et al., 2020; Pan et al., 2020;Wölfel et al., 2020). Actually,
detection of viral RNA in stools occurs in 16.5% to 100% of COVID-19 pa-
tients (La Rosa et al., 2020a), with estimated shedding of 102 to 108 RNA
copies per gram (Pan et al., 2020; Randazzo et al., 2020; Wölfel et al.,
2020) and observed duration of positivity ranging from 1 to >30 days
after the onset of symptoms (Amirian, 2020). These clinical findings
promptly lead to the idea that environmental surveillance and espe-
cially wastewater-based epidemiology (WBE) could serve as precious
tools to monitor COVID-19 clusters (Carducci et al., 2020; Randazzo
et al., 2020). In the past, WBE already proved to be a successful strategy
for the surveillance and early detection of epidemic enteric virus out-
breaks, e.g. poliovirus, norovirus and hepatitis A virus, as well as for
tuning public health interventions (Ahmed et al., 2020; Hart and
Halden, 2020; Hata and Honda, 2020; Randazzo et al., 2020; Sims and
Kasprzyk-Hordern, 2020). Detection of SARS-CoV-2 RNA in untreated
wastewater samples has been reported in Australia (Ahmed et al.,
2020), USA (Wu et al., 2020), China (Wang et al., 2020), Japan
(Haramoto et al., 2020), the Netherlands (Lodder and de Roda
Husman, 2020; Medema et al., 2020), Spain (Randazzo et al., 2020)
and Italy (La Rosa et al., 2020b; Rimoldi et al., 2020). Carducci et al.
(2020) provided an interesting review that summarizes the main find-
ings of some of the above studies. Laboratory methodsmostly consist in
wastewater sample pre-treatment (e.g. centrifugation, ultrafiltration),
extraction of nucleic acids and molecular detection of viral RNA targets
(e.g. Vogels et al., 2020), although rapid paper-based devices have re-
cently been described as promising tools for SARS-CoV-2 in wastewater
and other environmental samples (Mao et al., 2020). In addition, pre-
liminary computational models have been proposed to estimate the
prevalence of infection fromWBE data alongwith the economic advan-
tages deriving from environmental surveillance approaches (Ahmed
et al., 2020; Hart and Halden, 2020).

Italy has been the first out-of-Asia epicenter of the ongoing
COVID-19 pandemic. On 30/01/2020 two imported cases, i.e. Chinese
travelers, were confirmed in Rome, the capital city. The third case, an
Italian citizen repatriated from China, was confirmed on 06/02/2020.
The first autochthonous cases occurred on 21/02/2020, with the al-
most synchronous detection of two distinct outbreaks, in Lombardy
and Veneto respectively (ISS, 2020). Both Regions are located in
the NE of the Country. As of 22/09/2020, Italy reported 300,897 con-
firmed COVID-19 cases. Veneto scores as the fourth Italian Region for
number of cases (26,004), of whom 5091 (19.6%) were confirmed for
Padua Province (Protezione Civile, 2020). To the authors' knowledge,
only two studies assessed and confirmed the presence of SARS-CoV-
2 RNA in wastewaters in Italy (La Rosa et al., 2020b; Rimoldi et al.,
2020). The first study tested 12 samples of untreated wastewater
(i.e. plant influent), reporting positivity for 6 out of 12 samples.
The second Italian study tested 8 untreated wastewater samples (4
positive samples) and 4 treated wastewater samples (i.e. plant efflu-
ent, no positive samples).
2

The present study reports the first detection of SARS-CoV-2 RNA
in both treated and untreated wastewaters of Padua city, in the Ve-
neto Region (NE Italy). Padua has 211,316 inhabitants (Padua
Municipality, 2019) and it hosts one of themajor COVID-19 hospitals
of the Region. This pilot investigation also assesses the persistence of
viral RNA in samples after 24 h from their collection, both at room
temperature and under refrigerated conditions (4 °C). Moreover, in
addition to wastewater treatment plant (WWTP) inlet and outlet,
sampling sites at urban district level, i.e. minor wastewater pumping
stations (WPSs) were also considered, in order to test a possible
sampling site network for future COVID-19 environmental surveil-
lance and WBE purposes.
2. Materials and methods

2.1. Choice of sampling sites

Padua's sewerage system, as formany historical Italian cities, is quite
complex and encompasses separate sewer lines built over many de-
cades (i.e. 1938 to recent years). Therefore, prior to field activities, an
updated plan of the whole sewerage system (Acegas-Aps-Amga, per-
sonal communication, 20 April 2020)was thoroughly analyzed to select
a network of the most appropriate and representative sampling sites
(Fig. 1) for future WBE monitoring activities. In the end, 4 WPSs were
selected, each representative of a precise urban district sewer line.
Three of the selected WPSs flow into Padua's main wastewater treat-
ment plant (WWTP_A) and one acts as inlet of the WWTP serving the
Southern area of the city (WWTP_B). WWTP_A (197,000 population
equivalent) and WWTP_B (13,000 PE) together count for roughly 80%
of municipal users (Acegas-Aps-Amga, personal communication, 20
April 2020). BothWWTPs are activated sludge plants, performing disin-
fectionwith peracetic acid and terminal UV lamps as tertiary treatment.
Effluents from WWTP_A and WWTP_B were also sampled (Table 1;
Fig. 2).
2.2. Wastewater sampling

A total of 11 wastewater samples were collected on two dates, 23
April and 5 May 2020 (Table 1). No rainfall occurred at least in the
12 h that preceded the sampling. For each sampling site, 2 sterile
1000 mL HDPE bottles (Corning® Gosseling™, France) were filled
with wastewater, for a total volume of 2000 mL. Field personnel wore
standard personal protective equipment (PPE) forwastewater sampling
(i.e. safety footwear, gloves, FFP3 face mask and face shield). Grab sam-
plingwas carried out in themorning, between 9:00 and 10:30 am, so as
to detect the “morning flush”, as supported both by literature (Wang
et al., 2005; Randazzo et al., 2020) and by local WWTPs technical re-
cords (Acegas-Aps-Amga, personal communication, April 2020).Waste-
water pH and temperature were determined with a portable pH tester
(Hanna Instruments, Italy). Samples were carried to the laboratory on
ice (4 °C), where 100 mL of each sample was immediately processed.
The two collected bottles were then kept one at room temperature (r.
t. 20 °C) and one at 4 °C. SARS-CoV-2 RNA molecular detection was
also performed after 24 h (t1), for subsamples stored in both tempera-
ture conditions.



Fig. 1.Map of sampling sites. The figure reports a simplified scheme of Padua sewerage system. The citymainwastewater treatment plant (WWTP-A) has two separate inlets. The red and
pink areas (city center) are served by twodistrictwastewater pumping stations (WPSs), A-U-1 and A-U-2. Especially, A-U-1 drains sewage from the city hospital district.Wastewater from
A-U-1 andA-U-2 thenmerge and reachWWTP-A as a unique influent (A-U-3). The secondWWTP_A influent originates from the orange area (site A-U-4). The separate Southernblue area
is served by WWTP_B. The plant influent and effluent were sampled (B-U-1 and B-T-1). (Figure adapted from Acegas-Aps-Amga technical sewerage plan, personal communication, 20
April 2020).
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2.3. Concentration method

Concentration method was chosen after briefly reviewing some re-
cently published protocols (Ye et al., 2016; Blanco et al., 2019; Ahmed
et al., 2020). Among these, the detailed experimental method compari-
son carried out by Ye et al. (2016) made us lean towards an ultrafiltra-
tion protocol over ultracentrifugation or PEG precipitation methods.
An optimized ultrafiltration procedure is described as the one with
best recovery of enveloped virus fromwastewater samples (average re-
covery=22%) and, in our opinion, it also grants fast processing coupled
to little sample manipulation. According to the procedure, 100 mL of
Table 1
List of sampling sites. IDs intuitively report the drainingWWTP (either A orB),wastewater typol
is also provided. Sites 3, 1 and 8 were only sampled on 05/05/2020. The total population serve

Wastewater treatment plant ID Site brief description Wastewate

WWTP-A A-U-1 WPS “Forcellini” Untreated
A-U-2 WPS “Crescini” Untreated
A-U-3 Influent 1 “City Center” (A-U-1+2) Untreated
A-U-4 Influent 2 “Fossetta” Untreated
A-T-1 Effluent Tertiary tre

WWTP-B B-U-1 WPS & influent “Guizza” Untreated
B-T-1 Effluent Tertiary tre

3

each sample was pre-filtered on 0.22 μm polyether sulfone (PES)
(Stericup-GP 250 mL Express Plus, Merck, Germany). A 6 mL volume
of pre-filtered sample was then concentrated with centrifugal 10 kDa
filter units (Amicon Ultra, Merck, Germany) in a swinging bucket
rotor at 4000 ×g for 10min, with a final recovery of 150–200 μL of con-
centrated solute.

2.4. RNA extraction and molecular detection

An internal RNA positive control (Seegene RP Allplex kit component,
Korea) was added to concentrated samples before extraction and it also
ogy (U– untreatedor T– treated) and a progressivenumber. A brief description of each site
d by WWTP A and B is of 162,460 citizens.

r Population (2019) Pop. coverage 23/04/20 sampling 05/05/20 sampling

36,042 17% Yes Yes
21,778 10% Yes Yes
57,830 27% No Yes
91,860 44% Yes Yes

ated 149,690 71% No Yes
12,770 6% Yes Yes

ated No Yes



Fig. 2. Graphical summary of COVID-19 epidemiological data for Padua Municipality. The figure shows a time frame of ±15 days from sampling dates (i.e. April 23rd and May 5th),
reporting daily COVID-19 cases and the total cumulative case number, as reference for the local epidemic trend. Point prevalence was of 202 and 145 cases per 100,000 inhabitants on
the first and on the second sampling date, that is 427 and 306 COVID-19 cases in the municipality, respectively (clinical surveillance data derived from: Protezione Civile, 2020).
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served to check for inhibitors of quantitative reverse transcription poly-
merase chain reaction (RT-qPCR). Viral RNA extraction was performed
on 150 μL of concentrated sample with a commercial kit (QIAamp
viral RNA mini kit, Qiagen, Germany), following the manufacturer's in-
structions. Molecular detection of SARS-Cov-2 RNA was performed
with two WHO-shared RT-qPCR assays targeting genes ORF1b-nsp14
and N (Chu et al., 2020). Primers and dual-labeled probes (Table 2)
were provided from Thermo Fisher Scientific (US). Synthetic dsDNA
fragments were used as positive controls and were also purchased by
Thermo Fisher. For each PCR run, 2 positive and 2 negative controls
were also included. All assays were performed on a StepOnePlus™
Real-Time PCR System (Applied Biosystems, USA). Positivity was attrib-
uted only to reactions with cycle threshold (Ct) <40 (Medema et al.,
2020; Randazzo et al., 2020).

3. Results

SARS-CoV-2 RNA presence was assessed for all collected samples.
Moreover, persistence after 24 h from sampling was evaluated in sub-
samples stored at r.t. and 4 °C. Overall, molecular analysis was carried
out on 33 different subsamples. Among these, 9 subsamples from 4 dif-
ferent sampling sites resulted positive for at least one RT-qPCR assay
(Table 3). In detail, sites A-U-3 and B-U-1 (WWTP_A and WWTP_B in-
fluents) never reported any positivity for SARS-CoV-2 RNA. Site A-U-1
(WWTP_A WPS) and site A-U-4 (WWTP_A influent) were positive at
t0 in both sampling dates. Moreover, on 05/05/2020 sample A-U-1
Table 2
Sequences of primers andprobes. Sequence of forward (F) and reverse (R) primers and of dual-l
Chu et al. (2020).

Organism Target gene Assay name Sequence (5′-3′)

SARS-CoV-2 Orf1b HKU-ORF1b-nsp14F F-TGGGGYTTTACRGGTAACCT
HKU-ORF1b-nsp14R R-AACRCGCTTAACAAAGCACTC
HKU-ORF1b-nsp141P P-FAM-TAGTTGTGATGCWATC

N HKU-NF F-TAATCAGACAAGGAACTGATT
HKU-NR R-CGAAGGTGTGACTTCCATG
HKU-NP P-FAM-GCAAATTGTGCAATTTG

4

positivity was detected also at t1 (4 °C). Samples A-T-1 and B-T-1
(WWTP_A and WWTP_B effluents) were collected only on 05/05/2020
and reported positivity at t0. A-T-1 also resulted positive after 24 h at
4 °C. A-U-2 showed an inconsistent pattern on the second sampling
date, since SARS-CoV-RNA was not detected at t0 but only at t1 in the
refrigerated subsample. Actually, the N and Orf1b RT-qPCR assays gave
inconsistent results. Themajority of positive amplificationswere indeed
obtained with the N assay. In detail, 9 were positive for N, whereas the
Orf1b assay didn't succeed in detecting SARS-CoV-2 RNA but in one
sample (A-U-1, at t0 on 23/04/2020). Direct quantitation of positive
samples was not performed. Nevertheless, since the reported limit of
detection (LOD) of the implemented RT-qPCR assay is 2.5 genome cop-
ies (gc) per μL (Chu et al., 2020), aminimumSARS-CoV-2 titer of 4.8–4.9
log10 gc/L can be estimated.

4. Discussion

The present study investigated the presence of SARS-CoV-2 RNA in
treated and untreated wastewater samples and also evaluated the
virus persistence at 24 h, under two different temperature conditions.
Moreover, an experimental network of sampling sites (i.e. district
WPS, WWTP inlets and outlets) was tested for future COVID-19 envi-
ronmental surveillance activities. From the analytic perspective, the
first issue to be addressed was that of choosing a suitable recovery
and concentration method. Recent studies already outlined the lack of
a standard concentration method (Carducci et al., 2020; La Rosa et al.,
abeled probes are reported. Expected amplicon size and cycling parameter are given, as per

Amplicon size Cycling parameters Reference

132 bp Chu et al., 2020
50 °C for 5 min;

ATGACTAG-QSY 95 °C for 20 s;
A 110 bp 40 cycles of 95 °C for 5 s;

60 °C for 30 s.
CGG-QSY



Table 3
Molecular detection of SARS-CoV-2 RNA in wastewater samples. Collected samples were
tested at t0 and at t1 = 24 h, with subsamples being kept at room temperature and at
4 °C. Two RT-qPCR assays were performed on all extracts, targeting genes N and Orf1b,
with an estimated limit of detection (LOD) of 2.5 gc/L (Chu et al., 2020). Average recovery
for enveloped viruses from wastewater with the adopted ultrafiltration protocol is esti-
mated at 22% (Ye et al., 2016).

Sampling date: 23/04/2020

Plant t0 t1 (r.t.) t1 (4 °C)

ID N Orf1b N Orf1b N Orf1b

WWTP_A A-U-1 + + − − − −
A-U-2 − − − − − −
A-U-4 + − − − − −

WWTP_B B-U-1 − − − − − −

Sampling date: 05/05/2020

Plant t0 t1 (r.t.) t1 (4 °C)

ID N Orf1b N Orf1b N Orf1b

WWTP_A A-U-1 + − − − + −
A-U-2 − − − − + −
A-U-3 − − − − − −
A-U-4 + − − − − −
B-T-1 + − − − + −

WWTP_B B-U-1 − − − − − −
B-T-1 + − − − − −
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2020a). A recent ultrafiltration protocol was adapted, since it had been
especially optimized for the recovery of enveloped viruses from waste-
water (Ye et al., 2016). A volume of about 100 mL was pre-filtered on
0.22 μm PES membranes (Stericup®, Merck-Millipore, Germany). Six
milliliter of pre-filtered sampleswere then concentrated using centrifu-
gal filter units Amicon® Ultra with a 10 kDa cutoff (Merck-Millipore,
Germany). A minor flaw of this method is that – if using the suggested
centrifugalfilter units - it only allows to process small volumes ofwaste-
water. Some authors (Ahmed et al., 2020; Medema et al., 2020) over-
came this problem using bigger centrifugal devices, i.e. Centricon®
Plus units, but unfortunately, we could not purchase such items due to
the strict lockdown measures that were enforced in Italy starting from
08/03/2020.

The molecular detection of SARS-CoV-2 RNA was performed
adopting two assays, based on the N and Orf1b genes (Chu et al.,
2020). Actually, several custom RT-qPCR assays have been designed
for the clinical diagnosis of SARS-CoV-2 and, so far, some of them (e.g.
Corman et al., 2020) have been used also on wastewater samples. To
our knowledge, this is the first study to detect SARS-CoV-2 RNA in envi-
ronmental samples using the N and Orf1b-nsp14 clinical assays origi-
nally designed by Chu et al. (2020). However, as mentioned, RT-qPCR
amplifications produced incongruous results between the two assays.
Among positive amplifications, 9 out of 10 (90%) were given by the N
gene assay. Actually, the Orf1b assay successfully detected viral RNA in
a single sample (i.e. A-U-1, t0, 23/04/2020),matching theN assay result.
To this point, Chu and colleagues eventually discussed some prelimi-
nary results that suggested a 10× analytical sensitivity of the N assay
over the Orf1b one in detecting positive samples (Chu et al., 2020). Ac-
cordingly, authors using other RT-qPCR assays for the detection of SARS-
CoV-2 in wastewaters also reported non-coherent responses between
assays targeting different genes (Ahmed et al., 2020; Medema et al.,
2020; Randazzo et al., 2020; Rimoldi et al., 2020). Especially, one
study highlighted that when viral titer is <10 gc/μL, the power of
some RT-qPCR assays in differentiating true from false negatives can
vary (Vogels et al., 2020). All positive amplifications obtained in the
present investigation were characterized by Ct > 37, so that very low
viral titers in samples could similarly explain the discordant results be-
tween N and Orf1b assays. Moreover, non-homogenous subsampling
can also supervene whenever the target gene is present in a few copies
5

(Taylor et al., 2019; Ahmed et al., 2020). The SARS-CoV-2 RNA titers es-
timated by the present study (4.8–4.9 log 10 gc/L) are in range with
those reported by other studies worldwide, e.g. 4 to 6 log 10 gc/L
(Randazzo et al., 2020; Wurtzer et al., 2020; Wu et al., 2020).

Similar data have recently been discussed in terms of potential effec-
tiveness of SARS-CoV-2 environmental surveillance and some computa-
tional models proposed a theoretical power of detecting 1 COVID-19
case/100 to 2,000,000 non-infected people (e.g. Ahmed et al., 2020;
Hart andHalden, 2020; Hata andHonda, 2020). However, we did not at-
tempt any prevalence estimate due to the considerable uncertainty re-
lated to a multiplicity of variables that need further investigation.
Some variables are laboratory-related (e.g. lack of accurate quantifica-
tion of viral RNA in wastewater samples; variable recovery efficiency).
Other variables depend on the host-pathogen interaction (e.g. range of
virions shed per g of feces; geographic variation in the proportion of in-
fected people with positive stool samples) (Ahmed et al., 2020; Pan
et al., 2020; Randazzo et al., 2020; Wölfel et al., 2020).

Wastewater samples tested in the present study outline an interest-
ing scenario for Padua's experimental surveillance network. Positive
sampleswere found in bothWWTP_A andWWTP_B systems. At t0, pos-
itivity was detected for 4 out of 9 untreated wastewater samples and 2
out of 2 tertiary treated samples. In detail, with regard toWWTP_A,WPS
A-U-1 resulted positive on both sampling dates. This WPS collects
wastewater drained from the historical center of the city and its hospital
district (with a dedicated COVID-19 hospital), that encompass a popula-
tion of 36,052 inhabitants (Table 1). On 23/04/2020 and on 05/05/2020
the number of COVID-19 patients hospitalized in non-intensive care
unit was of 64 and 49, respectively (Azienda Zero, 2020). On the same
dates, there were a total of 427 and 306 COVID-19 cases in the Munici-
pality (Protezione Civile, 2020), that is 363 and 257 cases, without con-
sidering the hospitalized ones. Assuming that COVID-19 cases had a
homogeneous distribution in theMunicipal territory (i.e. nomajor clus-
ters were registered on these dates), the proportion of COVID-19 cases
for WPS A-U-1 at-home population would be 62 and 44, respectively.
If we add the hospitalized cases the WPS A-U-1 positives, we can esti-
mated that on the two sampling dates there were 126 and 93 infected
people possibly spreading SARS-CoV-2 virions with their stools. In the
end, A-U-1 positivity can be read as the successful detection of 93
cases per 36,052 inhabitants, i.e. 1 / 388. Although obtained with a
rough calculation, this value takes into account precise small-scale
numbers and provides a quite reliable estimate ofWBE true potentiality.
Should an urban surveillance network be implemented, A-U-1 shall be
carefully considered, as it could serve as a reference sampling point.
WPS A-U-2 was negative, as well as A-U-3 (WWTP_A first influent). Ac-
tually, A-U-1 and A-U-2 wastewaters merge before reaching WWTP_A
and flow into the plant as A-U-3. Therefore, it could be hypothesized
that negative A-U-2 wastewater could have diluted positive A-U-1
below the LOD, so that A-U-3 results negative as well. A-U-4
(WWTP_A second influent) was also positive on both sampling dates.
It is representative of a quite broad urban area embracing the cityWest-
ern, Northern and Eastern neighborhoods. Ideally, a sampling point
should be sought for each district but access to suitable WPSs was not
granted due to sewerage maintenance works. Since SARS-CoV-2 RNA
was found upstreamWWTP_A, positivity of plant effluent A-T-1 should
not come unexpected. Smaller WWTP_B reported negative influent (B-
U-1) but positive effluent (B-T-1). Implementing a proportion analo-
gous to that of A-U-1, we can assume that at least 1 COVID-19 case
out of 582 to 822 inhabitants was detected from A-U-4 and B-T-1 sam-
ples. Moreover, the B-U-1/B-T-1 discrepancy, besides advoking a “false
negative”, could be technically explained if taking into account the
WWTP retention time (16–18 h), so that sampled effluent is actually
representative of the evening before, rather than paired to the co-
sampled influent. A similar result (negative influent/positive effluent)
was also reported in Japan and attributed by authors to possible higher
analytical LOD for influent samples due to their turbidity and content of
suspended solids (Haramoto et al., 2020). To our knowledge, only one
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study tested treatedwastewaters for SARS-CoV-2 RNA in Italy, although
without reporting anypositive sample (Rimoldi et al., 2020). Of course it
would have been be precious to investigate virus vitality in these sam-
ples, but it was precluded by the non-availability of a BSL 3 facility. Nev-
ertheless, it should be reminded that the current evidence-based
opinion supports the adequacy of routine wastewater treatments in ef-
ficiently abating enveloped viruses such as SARS-CoV-2 (Ahmed et al.,
2020; Carducci et al., 2020; WHO, 2020). Moreover, besides the explor-
atory inclusion of WWTP effluents in the present investigation, in our
opinion it is not advisable to collect for surveillance purposes a sample
that bears an informative delay equal to the WWTP full retention time
(i.e. 24 h). Overall, in the future choice of definitive WBE sampling
sites, at least every WWTP influent should be sampled. However, as
shown by the above discussed results, the sampling of upstream sites,
such a minor WPSs, could be even more informative. A sampling site
that is representative for a precise urban district, e.g. main sewer line,
is probably the best choice for public health purposes and rapid imple-
mentation of preventive control measures. During a period of epidemic
remission or whenever a secondwave is expected to occur, positivity in
a specific sampling site would allow prompt identification of connected
households and backward tracing of possible asymptomatic and pre-
symptomatic SARS-coV-2 carriers.

In addition, the present study also assessed the persistence of viral
RNA in collected samples. After 24 h from sampling, three positive sam-
ples were found (A-U-1; A-U-2; A-T-1 sampled on 05/05/20). Precisely,
only subsamples kept at+4 °C resulted positive,whilst those stored at r.
t. did not report any successful amplification. Consistently, low temper-
ature is known to slow viral HCoV RNA degradation (Carducci et al.,
2020). Actually, A-U-2 showed the only incongruent result. SARS-CoV-
2 RNA was found in its t1 refrigerated subsample, although it was neg-
ative at t0. A-U-2 could possibly show a t0 “false negative”, either due to
very low viral titers or a subsampling error. PCR inhibitors could also be
present in the sample, despite the presence of an internal positive con-
trol that validated the RT-qPCR reaction.

Developments of this pilot investigation are already in progress.
Wastewater samples are currently being collected and stored at
−20 °C. Although real-time surveillance is not feasible, samples will
be tested whenever a COVID-19 “second wave” or a smaller local out-
break should occur. In themeanwhile, we are also willing to strengthen
interdisciplinary relationships and integration with local public health
stakeholders, so that a joint and complete surveillance strategy, i.e. clin-
ical and environmental, can be pursued.

5. Conclusions

The present study tested an experimental network of 7 distinct sam-
pling sites for hypothetical COVID-19 environmental surveillance in
Padua city, Veneto Region, NE Italy. The two main wastewater treat-
ment plant (WWTP) systems were considered, as they are representa-
tive of 94% of the total city users. In addition to the two WWTPs inlets
and outlets, wastewater pumping stations were selected to provide de-
tailed information at urban district level as well. SARS-CoV-2 RNA was
successfully detected by RT-qPCR both in untreated and treated waste-
waters, although the pathogen vitality could not be determined. Among
positive sampling sites, the pumping station collectingwastewater from
Padua city center and the hospital district (site A_U_1) resulted espe-
cially informative. Punctual hospitalization data for the two sampling
dates suggested an approximate effectiveness in detecting about 1
COVID-19 case out of 500 inhabitants. The role of WBE as a powerful
tool for COVID-19 environmental surveillance is supported by the find-
ings of the present investigation. WBE could also help in the swift
decision-making and implementation of local restriction policies. Labo-
ratory methods, i.e. concentration method and RT-qPCR assays, still
need to be optimized. Especially, standardization should be sought in
the short term, so that results from different research groups can be
compared with reliability.
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