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Abstract
Crucial information on the pandemic’s spread has been gathered by monitoring the trend of SARS-CoV-2 in wastewater. 
This surveillance has highlighted that the initial concentration is a critical step of the analytical procedure due to the low 
viral titer that may be present in this matrix. This paper presents the results of the evaluation of two different wastewater 
concentration protocols to determine the most efficient and cost-effective. The two methods tested were the following: (a) 
a biphasic separation system with PEG-dextran and (b) a PEG/NaCl precipitation protocol. Other aspects of the detection 
method were also investigated including the influence of storage temperature on virus recovery and the heat treatment of 
pasteurization, which aims to make samples safer for operators and the environment. The PEG/NaCl precipitation method 
was found to perform better than the biphasic separation system, allowing for more sensitive identification of the presence 
of the virus and the detection of a higher viral titer than that identified with the biphasic separation in all results. Storage 
of the samples at 4.3±0.2°C for up to 3 weeks did not adversely affect the virus titer and the pasteurization pre-treatment 
increases operator safety and maintains the identification of the viral concentration.

Keywords SARS-CoV-2 · Wastewater · Wastewater-based epidemiology · Concentration methods · Storage temperature · 
Pasteurization

Introduction

Wastewater-based epidemiology (WBE) implies continu-
ous monitoring by measuring biological or chemical indi-
cators in sewage to provide information on a community’s 
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collective health status or habits. Compared to other surveil-
lance approaches, WBE is a cost- and time-efficient tool for 
detecting pathogens and quantifying community prevalence. 
WBE enables us to vastly increase the number of individuals 
under surveillance compared to clinical data, as it leverages 
the wastewater from an entire urban sector collected through 
the sewer network. Comparing these approaches to surveil-
lance from clinical data, the WBE presents a comprehensive 
view of the manifestations of pathogenic infection because it 
collects data not only from symptomatic but also from pre-
symptomatic and asymptomatic individuals (He et al. 2020; 
Wang et al. 2020). However, it does not allow the punctual 
identification of these individuals. As a result, wastewater can 
be considered an important source of information for pandemic 
surveillance (Mallapaty 2020; Randazzo et al. 2020). Moreo-
ver, the versatility of this monitoring tool makes it applicable 
for two key objectives: to provide early warning of disease 
outbreaks and to assess the effectiveness of public health inter-
ventions, as the immunization campaigns, already documented 
in studies on viruses such as norovirus, hepatitis A virus, and 
poliovirus (Huang et al. 2022; Zuckerman et al. 2022).

Coronavirus disease 2019 (COVID-19), the disease 
caused by Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2), was declared a pandemic by the World 
Health Organization (WHO) on March 11, 2020 (WHO 
2020). During this unprecedented challenge, significant 
efforts have been made to prevent and overcome the pro-
gression of the pandemic, despite the uncertainty regarding 
its duration and trajectory. Crucial information on the pan-
demic’s spread has been gathered by monitoring the trend 
of SARS-CoV-2 in wastewater. To do this, the virus con-
centration values in the wastewater were compared with the 
data on the number of infected from monitoring the naso-
pharyngeal swabs of the population (Cutrupi et al. 2022). By 
comparing these trends, it was possible to confirm the early 
warning signal for outbreaks, showing the predictive nature 
of WBE and the effectiveness of public health interventions 
(Melvin et al. 2021), making this type of surveillance a valu-
able tool for the management of the COVID-19 pandemic.

In Italy, the SARI project (Epidemiological Surveillance 
for SARS-CoV-2 in urban sewage) coordinated by Istituto 
Superiore di Sanità (ISS) has been active since July 2020. 
The project established a national network with the coop-
eration of several entities, including Regions, Autonomous 
Provinces (A.P.), wastewater service providers, regional 
environmental protection agencies, local health authori-
ties, zooprophylactic institutes, universities, and research 
institutions. Within this network, data and experimental 
approaches were shared to harmonize SARS-CoV-2 moni-
toring experimental approaches leading to greater consist-
ency in the data produced by laboratories across all Regions/
A.P.s of Italy (Ministero della Salute 2020).

As of May 4th, 2023, the WHO has declared the end of 
the pandemic emergency (WHO 2023a). While COVID-19 
continues to be recognized as a global health threat, the 
WHO’s emergency committee made this decision based 
on several factors. They observed a decreasing trend in 
COVID-19 deaths, a decline in related hospital admissions 
and intensive care cases, and the presence of high lev-
els of population immunity to SARS-CoV-2. As a result, 
COVID-19 is now considered an established and ongoing 
health matter, no longer constituting a public health emer-
gency of international concern.

Considering this development, the WHO recommends 
that countries transition from emergency response mode 
to long-term management of COVID-19, alongside other 
infectious diseases. To aid countries in managing the virus 
on an ongoing basis, the WHO is establishing a review 
committee to develop long-term recommendations. Addi-
tionally, the fourth edition of its global strategic prepared-
ness and response plan for COVID-19 has been published, 
covering collaborative surveillance, community protec-
tion, safe and scalable care, access to countermeasures, 
and emergency coordination (WHO 2023b).

These efforts reflect a shift in approach, moving from 
emergency response to sustainable management and pre-
paredness for future challenges related to COVID-19 and 
other pathogens. The WHO’s continued focus on collabo-
rative efforts and strategic planning aims to address the 
health implications of the virus while fostering resilience 
and effective response strategies on a global scale.

The end of the pandemic emergency offers the oppor-
tunity to draw valuable lessons from that difficult period. 
From the specific experience of SARS-CoV-2 monitoring, 
which can be seen as a case study, we can focus on imple-
menting the WBE and its applications in the surveillance 
of other viruses and pathogens, starting from the same 
sampling effort and even from the same sample.

First, implementing the WBE approach presents sev-
eral challenges. Regarding the reliability of the surveillance 
results, some aspects, such as the variable characteristics of 
the sewage network, the geographical basin, and the habits 
of the population, such as the fluctuation of residents due 
to the presence of tourists, have an essential weight and 
necessitate careful consideration (Jiang et al. 2023; Oloye 
et al. 2023).

Moreover, the integrity of genomic RNA is greatly chal-
lenged by the complexity of the wastewater and RNase 
present in the matrix (Philo et al. 2021). Also, these vari-
ables can affect the reliability and accuracy of the data 
obtained from wastewater surveillance. The RNA yield can 
vary depending on several factors, including the type of 
sampling (composite or instantaneous), sample pasteuriza-
tion, storage time, and temperature.
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About the temperature, it is important to maintain the 
cold chain during the transport and storage of samples to 
ensure that the integrity of the viral RNA is not compro-
mised. Samples should ideally be analyzed fresh within 
24 h of receipt at the laboratory. However, during long-
term surveillance, depending on the distance between the 
WWTPs and the laboratory or the workload, it may be 
necessary to store some samples frozen under −18°C or 
refrigerate at a temperature between +2 and +8°C until 
analysis. These temperatures are the storage temperatures 
commonly found in laboratories belonging to the SARI 
network.

Another aspect to be explored, linked to the possibility of 
identifying pathogens in wastewater, concerns the low viral 
titers in wastewater following the dilution of human excreta 
through the sewage system.

That said, many methods have been published in the lit-
erature for the detection of SARS-CoV-2 (inter alia Ahmed 
et al. 2020; Randazzo et al. 2020, Wu et al. 2020); however, 
given the high variability of the source material, it is crucial 
to test the validity of each method in the specific context of 
wastewater analysis.

Through this paper, we aim to share our experience in 
identifying a method for the detection of SARS-CoV-2, not 
only to document the need for an easily replicable method 
but also to share the insights of the Italian network in this 
regard with the hope that what was discovered for SARS-
CoV-2 can be generalized to the detection of other viruses 
and pathogens, in the context of the WBE. Here we present 
the results of the comparative tests performed by some labo-
ratories of the SARI network on two protocols for concen-
trating SARS-CoV-2 in wastewater: the biphasic separation 
system with PEG-dextran and the PEG/NaCl precipitation 
protocol and other aspects that may influence this analysis.

Materials and methods

Wastewater samples

A total of 283 samples of raw wastewater (24-h compos-
ite) were collected from two Italian Regions and one A.P. 
(Lazio, Liguria, and Trento Province), located in central 
and northern Italy, between October 2020 and April 2021. 
The samples were collected from 22 wastewater treatment 
plants (WWTPs) of different sizes, ranging from 17,500 to 
1,100,000 Population Equivalents. The raw wastewater was 
collected, with refrigerated autosamplers, at the WWTPs 
inlet after sieving and degretting treatment (where coarse 
materials and sand are removed) but before the primary set-
tling. Volumes of 250 mL were transported refrigerated to 
the laboratories for analysis.

Comparison of concentration methods

The concentration measures and the recovery efficiency of 
the two concentration methods were compared to develop an 
efficient and cost-effective protocol that allows the analysis 
of many samples in a short time. These methods were the 
following:

• a biphasic separation system with PEG-dextran, adapted 
from the protocol of the WHO Guidelines of 2003 for 
the Environmental Surveillance of Poliovirus (WHO 
2003) for the detection of enveloped viruses, as shown 
in the work of La Rosa et al. (2020). In this method, 250 
mL of wastewater was centrifuged for 30 min at 1200 
×g and the solid fraction was separated. Then, 20 mL 
of 22% dextran, 143 mL of 29% PEG6000, and 17 mL 
of 5N NaCl were added to the supernatant. After vigor-
ous mixing, the solution was transferred to a separatory 
funnel and left to stand overnight at 4°C. Subsequently, 
the bottom layer and the interphase were added, drop by 
drop, to the solid fraction of the initial centrifugation. 
During this step, 8-10 mL of the solution was recovered; 
subsequently, chloroform was added at a ratio of 1:4 v/v. 
After a second centrifugation at 1000 ×g for 10 min, the 
supernatant was collected and divided into 2 aliquots, 
one for subsequent extraction and the other for further 
study.

• a PEG/NaCl precipitation protocol, modified by Wu et al. 
(2020), widely recognized in the industry. In this method, 
50 mL of the matrix was first centrifuged at 4500 ×g for 
30 min at 4°C to remove large particles such as debris. 
From the supernatant, 40 mL was added to 4 g of 8% 
PEG8000 and 0.9 g of 0.3 M NaCl, stirred for 15 min 
until the chemicals were completely dissolved, and then 
centrifuged at 12000 ×g at 4°C for 2 h. Subsequently, the 
liquid fraction was discharged, and the pellet, often invis-
ible, was resuspended with 2 ml of lysis buffer containing 
guanidine thiocyanate (bioMerieux), as a first step of the 
nucleic acid extraction procedure.

Nucleic acid extraction

Viral RNA was extracted using automated and semi-auto-
matic extraction platforms such as NucliSens® miniMAG™ 
and eGENE-UP® (bioMérieux, Marcy l’Etoile, France). 
After adding the lysis buffer, the samples were incubated for 
20 min at room temperature. Then, 50 μL of magnetic silica 
beads were added to the sample and left for 10 min at room 
temperature to allow the RNA adhesion to the beads. The 
extraction system then went through a series of contaminants 
removal steps to clean the beads, and the nucleic acids were 
eluted to a final volume of 100 μL. Before molecular testing, 
the extracted nucleic acids were further purified using the 
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OneStep PCR Inhibitor Removal Kit (Zymo Research, CA, 
USA) to reduce the concentration of potentially RT-qPCR-
inhibiting substances.

RT‑qPCR analyses

The extracted RNAs were tested for the presence of SARS-
CoV-2 and were also quantified using a one-step quantita-
tive real-time PCR (RT-qPCR) assay (Table 1) targeting the 
ORF-1b (nsp14) region, described in La Rosa et al. (2021). 
Additional tests performed using the N1 nucleocapsid gene 
as target, as indicated by Lu et al. (2020), were described in 
Supplementary materials. A quantitation cycle (Cq) cut-off 
of 40 (Cq < 40) was applied for positive results.

RT-qPCR assays were performed using the AgPath-ID 
™ (Applied Biosystem-ThermoFisher) one-step RT-PCR 
reagent kit.

For the ORF-1b assay, each 25 μL reaction contained 250 
nM of 2299-CoV-2-P, 500 nM of 2297-CoV-2-F, and 900 
nM of 2298-CoV-2-R, 1 μL of 25 × RT-PCR Enzyme, 12.5 
μL of 2 × RT-PCR Buffer, and 5 μl of nucleic acid extract. 
The thermocycling conditions consisted of 30 min at 50°C for 
reverse transcription, 10 min at 95°C for RT inactivation, and 
45 cycles of 15 s at 95°C and 45 s at 60°C for amplification.

The RT-qPCR reactions were run on the Applied Biosys-
tems™ 7500 (ThermoFisher Scientific) and the CFX96 Touch 
Real-Time PCR Detection System (Biorad) instrument. Each 
sample was run in duplicate, and the threshold was set in the 
middle of the exponential amplification phase in the log view. 
The concentration of SARS-CoV-2 was expressed in genome 
units per microliter (GU/μL). The dsDNA ORF-1b standard 
was provided by the Istituto Superiore di Sanità (Italy). The 
qualifications were considered acceptable if the standard 
curves had a slope close to −3.32 (between −3.1 and −3.6) 
and a regression coefficient R2≥0.98.

Virus spikes, evaluation of recovery, and inhibition

To evaluate the protocol’s efficiency in concentrating and 
extracting SARS-CoV-2 RNA from wastewater and to vali-
date the effectiveness of laboratory procedures, surrogate 
viruses, called process control viruses (PCVs), were spiked 
into the samples. In this work, the PCV used was Mengo-
virus (MgV), widely recognized and utilized as a reliable 

PCV in numerous virology studies and highly resilient under 
laboratory conditions. An amount of 100 μL of PCV was 
added to the samples, and the final RNA concentration was 
calculated using specific RT-PCR tests (more details in Sup-
plementary Material A). The recovery efficiency was calcu-
lated using the equation:

where ∆Cq = Cq of the spike PCV in the sample − Cq of 
the undiluted extracted PCV

m = slope of the PCV standard curve
F = fraction of the initial volume of the processed sample
In the absence of a general agreement on the acceptable 

recovery rate for SARS-CoV-2 in wastewater, we used the 
criterion of recovery rate >1% according to ISO 15216-
1:2017, which concerns the quantification of viruses in 
complex food categories.

Investigation of other factors affecting 
the detection of SARS‑CoV‑2

In addition to investigating the concentration phase, other 
aspects of the standardization of the detection protocol were 
also investigated, particularly those on which there was not 
scientific consensus. The factors analyzed all concerned the 
initial stages of the analysis.

Storage conditions

To study the influence of storage temperature on virus 
recovery, 19 aliquots of the same samples were stored 
in the condition of continued monitoring resulting in 
average temperatures of 4.3±0.2°C and -23.2±0.3°C 
and analyzed at days 0, 4, 5, 8, 12, 13, 15, 19, 20, and 
22. The refrigerated aliquots were analyzed immediately 
after removal from the refrigerator, while the frozen ones 
underwent an initial thawing phase in the refrigerator 
lasting approximately 12 h. No samples were repeatedly 
frozen and thawed before testing. The analyses were 
performed with the PEG/NaCl precipitation protocol for the 
concentration phase and the RT-qPCR assay for the detection 
of the ORF-1b region (Fig. 1).

Recovery rate(%) = 10(ΔCq∕m) × F × 100

Table 1  Primers and probes 
used in the study; nucleotide 
numbering based on SARS-
CoV-2 (accession no. 
NC_045512)

Primer name Nucleotide sequence (5′-3′) Genome location Reference

2297-CoV-2-F ACA TGG CTT TGA GTT GAC ATCT 18600–18621 La Rosa et al. 2021
2298-CoV-2-R AGC AGT GGA AAA GCA TGT GG 18680–18699
2299-CoV-2-P FAM-CAT AGA CAA CAG GTG CGC 

TC-MGBEQ
18649–18668
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Pre‑treatment: pasteurization

The pasteurization step in the protocol is intended to increase 
safety for the operators and the environment by reducing 
the risk of viral transmission. However, there have been 
conflicting opinions on the effect of pasteurization on the 
detection of SARS-CoV-2 RNA in wastewater. One concern 
is that the heat may destroy the viral material, making it 
difficult or impossible to detect. To evaluate the effect of 
pasteurization on SARS-CoV-2 RNA detection, 17 samples 
were collected from 3 WWTPs, aliquoted into duplicates, 
and analyzed with and without heat treatment (water bath 
at 56°C for 30 min), as reported in La Rosa et al. (2020). 
The samples were subsequently processed by comparing the 
two concentration methods and analyzed with the RT-qPCR 
ORF-1b assay.

Statistical analysis

Data elaboration was performed using MS Excel, while 
the plots and the statistical analysis were carried out using 

R version 4.1.2. (The R Project for Statistical Computing 
2021). Graphs were performed with ggplot 2 version 3.4.0 
(ggplot2 2016) with some integration with introdataviz 
(Nordmann et al. 2022) to create visualizations to represent 
data.

Results and discussion

Comparison of concentration methods

The study analyzed a total of 283 samples, of which 147 
were collected from 4 WWTPS in the Trentino Province, 
106 from 14 WWTPs in the Region of Liguria, and 30 from 
4 WWTPs in the Region of Lazio. The laboratory within 
each specific area conducted analysis on samples collected 
solely in the corresponding Region or Autonomous Prov-
ince. The number of samples analyzed by each regional 
research group depended on the human availability, resource 
availability, and the temporal constraints of individual 

Fig. 1  Flowchart of the 
compared protocols (biphasic 
separation system and PEG/
NaCl precipitation protocol)
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laboratories during a critical period such as that of the sec-
ond wave of COVID-19 (winter 2020 - spring 2021).

Figure 2 presents the results of testing using the two 
methods indicated in the “Comparison of concentration 
methods” section. The viral concentrations were not nor-
malized by population-equivalent, which influences the 
direct comparison of the results across different sites, as 
highlighted by LaTurner et al. (2021). For this reason, the 
results will be presented for single laboratories or molecular 
targets. However, common trends can be observed in the 
results of the single groups, as illustrated in Figs. 2 and 3.

The positivity percentage of the samples analyzed with 
the PEG/NaCl precipitation protocol was in the range 
61–83% (Fig. 2). In contrast, the range of positivity for the 
biphasic separation method was lower, with the lowest per-
centage of 6% reported by the Liguria laboratory.

Figure 3 shows the Cq values of the positive samples 
tested with the two protocols in the three laboratories. 
The Cq results, obtained by RT-qPCR, are inversely 
proportional to the viral concentration detected in the 
samples. The PEG/NaCl precipitation method allowed 
a more sensitive identification of positivity in the pres-
ence of the virus and also the detection of a higher viral 
titre than that identified with the Biphasic separation in 
all the results.

The inter-laboratory differences observable in the Cq 
values presented in Fig. 3 may have various origins, includ-
ing the variability in the concentration of the virus in the 
population served by the WWTPs and the natural fluctua-
tions in the characteristics of wastewater (Islam et al. 2022; 
Juel et al. 2021). Nonetheless, the difference in results 
between the two methods is evident, as discussed below.

Fig. 2  Positivity percentage 
obtained by the three research 
groups (Trentino, Liguria, and 
Lazio). The chart displays the 
sample size and the percentage 
of samples testing positive for 
the presence of SARS-CoV-2 
using the biphasic separation 
system or the PEG/NaCl pre-
cipitation protocol

Fig. 3  Comparison of the 
positive Cq results of the two 
protocols
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Figure 4 shows that higher SARS-CoV-2 concentra-
tions were detected with the PEG/NaCl precipitation pro-
tocol compared to the biphasic separation method. The 
median concentrations are higher, as is the variability of 
the results, for the PEG/NaCl precipitation method com-
pared to the biphasic protocol, which presents lower per-
formances. Also, the junction lines of the same samples 
in the two methods confirm higher concentrations for the 
PEG/NaCl precipitation protocol.

The plots presented in Fig. 4A, B, and C, as well as 
the statistical test, were performed removing the highest 
5% outliers obtained with the PEG/NaCl method and the 
corresponding Biphasic result. In all the sets of analyses, 
the Wilcoxon paired test confirmed the result difference 
between the two protocols.

To assess the interlaboratory variability and investigate 
the interaction effect between laboratory and method a 
two-way robust ANOVA, without outliers’ removal, was 
performed.

The results of the Wilcoxon paired test were confirmed 
as the method factor shows a significant effect on the 

concentration values (p < 0.001) and, similarly, the labo-
ratory factor shows a significant effect (p < 0.001).

The interaction term is also significant (p < 0.001) indi-
cating that the difference in results between the two meth-
ods varies depending on the laboratory where the tests were 
performed. However, given that PEG/NaCl precipitation is 
consistently superior in all laboratories, the intralaboratory 
variation does not change the overall conclusion that PEG/
NaCl precipitation is more effective.

To date, the causes that lead to this difference in the 
results between the two concentration methods are not 
completely clear. This lack of clarity is also observable 
in other studies presenting a comparison of concentra-
tion protocols such as in LaTurner et al. (2021). It can be 
hypothesized that PEG plays an important role in increas-
ing the concentration of the virus by precipitating it, and 
the removal of solids during the PEG/NaCl precipitation 
protocol may also contribute to the reduction of PCR 
inhibitory substances (Philo et al. 2021). However, it is 
important to note that the removal of solids on the effi-
cacy of the virus concentration method is still unclear, as 

Fig. 4  Comparison of SARS-CoV-2 concentration measured for each 
method (biphasic separation system and PEG/NaCl precipitation pro-
tocol) and groups: A Trentino, B Lazio, C Liguria for the molecular 
target ORF-1b. The boxplot, median values, and outliers are shown. 

The grey lines indicate the position of the same sample for the two 
methods compared. Outliers (highest 5%) were removed to allow bet-
ter visualization
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suggested by Pecson et al. (2021). Still, very good results 
in concentration measurements have also been obtained in 
other studies with methods using PEG precipitation which 
are shown to work better than filtration and adsorption 
methods (Dimitrakopoulos et al. 2022).

To assess the quality of the analysis and the reliability 
and consistency of the results, it is necessary to use a sur-
rogate virus as process control and evaluate its recovery rate 
(Juel et al. 2021). For both methods and molecular targets, as 
shown in Fig. 5, a wide range of MgV recovery was obtained 
due to the high sample variability, but always higher than the 
1% minimum required by the ISO 15216-1:2017. A higher 
median value was observed for the PEG/NaCl precipitation 
analysis (around 88%) than the one of the biphasic separation 
protocol (80%). From the junction lines, most of the samples 
show a higher recovery with the PEG/NaCl precipitation sys-
tem. The paired t-test, with p values shown in Fig. 5, confirms 
the different outcomes of the two methods. Several alterna-
tive PCVs, more or less similar to the target virus, could be 
chosen, and their recovery rates can vary widely based on the 
RNA concentration and extraction methods used (Juel et al. 
2021; LaTurner et al. 2021). The lower recovery values in the 
biphasic separation system may be due to a lower detection 
efficiency of the target virus or a higher level of interference 
from PCR inhibitory substances (Philo et al. 2021).

Investigation results of other factors affecting 
the detection of SARS‑CoV‑2

Storage conditions

The results in Fig. 6 show the effect of storage temperature 
on viral detection and on the viral concentration of a sample 
over time. Aliquots of 250 ml of the same sample were stored 
at 4.3±0.2°C and −23.2±0.3°C, and were tested at different 

time points (1, 4, 5, 8, 12, 13, 15, 19, 20, and 22 days after 
sampling). The initial concentration at time 0 was 6.4 G.C/
μL. After 2 weeks of storage at −23.2±0.3°C, the concen-
tration decreased almost to the detection limit. Conversely, 
the concentration remained relatively stable at 4.3±0.2°C, 
however showing an increase in the first week. This peculiar 
result can be explained by hydrolysis and solubilization of 
the particulate matter, which can result in the release of viral 
material. However, similar results, which promote storage of 
samples at 4.3±0.2°C for the first 14 days, were published by 
Islam et al. (2022) and Mark et al. (2021). The slight decrease 
after storage at −23.2±0.3°C may be due to the freezing pro-
cess. It is known that freeze-thaw cycles can lead to a deg-
radation of nucleic acids through physical damage such as 
the formation of ice crystals that can alter the integrity of the 
capsid in viruses that present it or damage the strands of RNA 
and DNA (Röder et al. 2010; Kaya et al. 2022).

Pasteurization

Figure 7 shows the results obtained from pasteurized and 
not pasteurized samples for the two concentration methods. 
In Fig. 7A, the results of the biphasic separation method, 
evaluated with the Wilcoxon paired test, do not give sta-
tistically significant results. Instead, for the PEG/NaCl 
precipitation protocol, the concentrations in the not pas-
teurized samples resulted in slightly lower concentrations, 
with a weak statistical significance. The results confirm the 
usefulness of applying the pasteurization pre-treatment as 
it enhances safety for the operators and maintains the iden-
tification of the viral titer. In addition, according to the lit-
erature, pasteurization increases the repeatability of sample 
quantification (Hemati et al. 2021; Trujillo et al. 2021). The 

Fig. 5  Percentage recovery of Mengovirus (MgV) for the two methods. In 
these plots, the values distributions of percentage recovery are represented 
by half violin plots showing the mono-modality of the data

Fig. 6  Concentration of SARS-CoV-2 in raw influent wastewater 
stored at 4.3±0.2°C and −23.2±0.3°C from 1 to 22 days. The range 
4–8 comprises samples analyzed 4, 5, and 8 days after sampling, the 
12–15 samples analyzed 12, 13, and 15 days after, and 19–22 sam-
ples from 19, 20, and 22 days after. Error bars represent the standard 
deviation between grouped samples
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discrepancies between our results and other publications in 
the literature, which have found that heat pre-treatment is 
detrimental to the recovery of viral titer (Islam et al. 2022), 
may be due to different pasteurization temperatures and 
times, as indicated by Whitney et al. (2021).

Conclusions

In conclusion, based on the results obtained, the PEG/NaCl 
precipitation method is more efficient and preferable over the 
biphasic separation system for the concentration of SARS-
CoV-2 in wastewater. The disadvantage of the PEG/NaCl 
precipitation method is the startup costs in case a suitable 
centrifuge is unavailable (LaTurner et al. 2021). However, 
this disadvantage is balanced by the efficiency of the analy-
sis even at low initial concentrations of the virus, the pos-
sibility of analyzing multiple samples at the same time, and 
faster analysis time, which is approximately 4 h compared 
to the 12 and more hours of the biphasic separation analy-
sis. Several issues are associated with the biphasic protocol: 
the need for specific manual skills with separating funnels, 
leaving the funnels unattended overnight, and, above all, the 
use of chloroform, a carcinogenic substance. This can lead 
to the generation of a larger volume of hazardous waste, 
which must be disposed properly. So, the results of this study 
show that the PEG/NaCl precipitation is a more efficient 
and reliable method for the concentration of SARS-CoV-2 
in wastewater compared to the biphasic separation system. 
Additionally, pasteurization as pre-treatment and storage 
of samples at 4.3±0.2°C are recommended to ensure the 
safety of operators and maintain viral titres. These data will 
support the international standardization of methods for the 

detection of SARS-CoV-2 in wastewater, which will help to 
compare results across different regions and countries.
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