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• Wastewater-based epidemiology ap-
plied for monitoring COVID-19 in
Mendoza, Argentina

• SARS-COV-2 genetic markers detection
and quantification were made in
WWTPs.

• Increases in SARS-CoV-2 genetic
markers anticipated increases inweekly
COVID-19 cases.

• Wastewater-based epidemiology was
suitable to evaluate SARS-CoV-2
circulation.
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Wastewater-based epidemiology (WBE) is an emerging tool that gives temporal and spatial information on a
population's health status. Here,we report the epidemiological dynamics of a population of ~1.2million residents
in the metropolitan region of Mendoza province, Argentina, within the period July 2020 to January 2021. We
combined the use of WBE of two wastewater treatment plants with epidemiological surveillance of the corre-
sponding populations. We applied two viral concentration methods (polyethylene glycol precipitation and
aluminum-based adsorption-flocculation) and RNA isolation methods in each wastewater sample to increase
the possibility of detection and quantification of nucleocapsid markers (N1 and N2) of SARS-CoV-2 by RT-
qPCR. Overall, our results allowed us to trace the rise, exponential growth, plateau, and fall of SARS-CoV-2 infec-
tions for 26 weeks. Individual analysis for each wastewater treatment plant showed a positive correlation
between the viral load of SARS-CoV-2 genetic markers and COVID-19 cases that were diagnosed per week. Our
findings indicate that WBE is a useful epidemiological indicator to anticipate the increase in COVID-19 cases
and monitor the advance of the pandemic and different waves of infections.

© 2021 Elsevier B.V. All rights reserved.
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1. Introduction

Coronaviruses have caused epidemic diseases in the last century
(Leung et al., 2004; Lim et al., 2016), which have been managed with
varying degrees of success before becoming a global health problem.
Coronavirus disease-19 (COVID-19), caused by acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2), is a current health problem
that affects more than one hundred million people and has caused
more than three million deaths (April 2021, WHO, 2021). Human-to-
human transmission occurs by droplets, aerosols, and fomites that orig-
inate in the respiratory system of an infected person (Jones et al., 2020;
Sharma et al., 2021). Moreover, this virus reproduces in the human gas-
trointestinal tract (Xiao et al., 2020) and is then expelled through feces
(Guan et al., 2020; Ling et al., 2020; Wang et al., 2020).

Governments around the world have adopted different non-
pharmaceutical interventions to reduce the viral spread (Amer et al.,
2020; Haug et al., 2020; Hsiang et al., 2020; Kucharski et al., 2020),
many of which have been economically and socially disruptive (Alzúa
and Gosis, 2020; Lin and Meissner, 2020; Lustig et al., 2020). Among
them, social lockdowns have been used (Alvi et al., 2020; Ferguson
et al., 2020) with the goal of flattening the epidemic curve, avoiding in-
tensive care unit saturation, and reducing the pressure exerted on the
basic components of the health system. However, it is plausible that
the transmission of SARS-CoV-2 do not stop, mainly due to its high con-
tagiousness and the occurrence of asymptomatic patients who spread
viruses silently without ever being detected (Kronbichler et al., 2020;
Li et al., 2020).

The prevalence of COVID-19 has been assessed by implementing dif-
ferent clinic diagnostic tests (Chau et al., 2020; Hanson et al., 2020). The
success of this strategy is variable, particularly when applied in places
where the scarcity of consumables or reagents limits the epidemiologi-
cal monitoring of the population health. These limitations have
prompted the development of complementary epidemiological strate-
gies to reliably demonstrate viral community circulation (Foladori
et al., 2020).

Wastewater-based epidemiology (WBE) provides information about
the population exposure to environmental chemicals, prevalence of phar-
maceuticals (Gracia-Lor et al., 2018), and diseases that produce bio-
markers (Lorenzo and Picó, 2019). Thus, WBE could give temporal and
spatial information on the health status of a population regarding etio-
logic agents that are eliminated mainly in human's feces or urine
(Ahmed et al., 2021; Barril et al., 2010; Ferreyra et al., 2015; Hasan et al.,
2021; Hata et al., 2021; Hokajärvi et al., 2021; Kumar et al., 2020; La
Rosa et al., 2020; Mueller et al., 2009; Prado et al., 2021; Randazzo et al.,
2020; Sherchan et al., 2020; Westhaus et al., 2021; Yanez et al., 2014).
Moreover, the use of WBE for the detection of SARS-CoV-2 RNA in the
sewage system (Ahmed et al., 2020b; Medema et al., 2020) may antici-
pate the increase in clinical cases at the population level (Ahmed et al.,
2021; Larsen andWigginton, 2020; Nemudryi et al., 2020) and overcome
the difficulty of detecting asymptomatic people that represent a natural
reservoir of SARS-CoV-2 (Thompson et al., 2020) and escape clinical diag-
nostic tests (Ling et al., 2020).

A variety of SARS-CoV-2 concentration protocols inwastewater have
been reported (Ahmed et al., 2020a; Jafferali et al., 2021; Lu et al., 2020),
which enhance the possibility of detecting SARS-CoV-2 RNA in waste-
water. Likewise, polyethylene glycol (PEG) precipitation and aluminum
polychloride (PAC) flocculation are efficient methods for SARS-CoV-2
recovery from complex aqueous matrixes (Barril et al., 2021; Pérez-
Cataluña et al., 2021); however, there are no reports on the joint appli-
cation of both concentration protocols during an epidemiological
surveillance.

In this study, we aimed to monitor the epidemic evolution of SARS-
CoV-2 in Mendoza, Argentina, between July 2020 and January 2021, by
analyzing sewage samples from two wastewater treatment plants,
which together serve a population of ⁓1.2 million residents. We applied
two combinations of viral concentration methods (PEG and PAC) and
2

RNA isolation methods in each wastewater sample to increase the pos-
sibility of detection and quantification of nucleocapsidmarkers (N1 and
N2) of SARS-CoV-2 by RT-qPCR. Then, we compared the temporal
changes in the number of SARS-CoV-2 genetic copies per 100 mL of
wastewater in each treatment plantwith theweekly COVID-19 cases re-
ported by the Mendoza Health Ministry.

2. Materials and methods

2.1. Sampling

Mendoza province is located in the center-west of Argentina andhas
an approximate population of 1,915,759 inhabitants (Mendoza Health
Ministry; https://www.mendoza.gov.ar/prensa/salud). The metropoli-
tan region, with a population of ⁓1,191,649 inhabitants (Mendoza
HealthMinistry, January 2020), is integrated by six geopolitical districts,
i.e., Las Heras, Mendoza city, Godoy Cruz, Guaymallén, Luján de Cuyo,
and Maipú. Two wastewater treatment plants, namely El Paramillo
(EP) and Campo Espejo (CE), receive and treat domestic and commer-
cial wastewater from these districts (Fig. 1). EP is a secondary treatment
plant (⁓350 ha) with stabilization lagoons that include four series of 3
lagoons each (anaerobic, facultative, and maturation), and two wet-
lands (Campo Este y Campo Norte; Irrigation General Department,
http://aquabook.agua.gob.ar/). This plant receives 151,474 m3/day
(GDI) and serves a population of ⁓545,000 inhabitants (from
Guaymallén, Luján de Cuyo, andMaipú) (Fig. 1). CE is a secondary treat-
ment plant (⁓321 ha) with stabilization lagoons that include twelve se-
ries of 3 lagoons each (anaerobic, facultative, and maturation)
(Irrigation General Department, http://aquabook.agua.gob.ar/). This
plant receives an average flow rate of 128,000m3/day and serves a pop-
ulation of ⁓470,000 inhabitants (Las Heras, Mendoza city, and Godoy
Cruz; Fig. 1). The reclaimed water in the secondary treatment plants is
not discharged into aquatic environments (rivers or lakes) nor reused
as recreational water. However, this water circulates continuously
through canals and is then used for crop irrigation.

The operating company of both treatment plants (AYSAM S.A.) per-
formed all wastewater samplings during 26weeks. Sampling comprised
the weekly manual collection of influent samples (obtained between
11:00 am and 1:00 pm) from each treatment plant between July 22,
2020, and November 30, 2020. In addition, samplings were obtained
every two weeks during December 2020 and January 2021. No rainfall
or storm events occurred on the sampling days or before them.

Immediately after being collected, samples were stored at 4 °C and
shipped to the laboratory for thermal inactivation by immersing bottles
in a water bath at 60 °C for 90 min (Hasan et al., 2021; Pastorino et al.,
2020) to increase the safety of the laboratory personnel and work envi-
ronment. Triplicate aliquots of 300 mL untreated wastewater were
stored at −20 °C to maintain the integrity of genetic material (Hasan
et al., 2021).

2.2. PEG and PAC concentration methods

We concentrated SARS-CoV-2 genetic material from wastewater
samples following reported protocols of viral concentration (PEG pre-
cipitation and PAC flocculation methods), which have shown high
viral recovery efficiency from wastewater samples (Barril et al., 2021;
Randazzo et al., 2020). PEG precipitation had a mean recovery of 8.4%
and PAC flocculation of 24.0% when wastewater samples were seeded
with SARS-CoV-2 at a concentration higher than 4.300 genetic copies
by mL (Barril et al., 2021).

The procedure of PEG precipitation was similar to that reported by
Lewis and Metcalf (1988) and as “protocol 4” in Barril et al. (2021).
The PAC flocculation procedure was similar to that reported by
Randazzo et al. (2020), with some modifications. Briefly, 30 mL of a
8.4% PAC (pH= 4) solution was added to 300mL of a wastewater sam-
ple and mixed on a shaker at 150 rpm for 15 min. Then, it was
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Fig. 1.Mendoza province sampling areas, Argentina. Campo Espejo and El Paramillo treatment plants are delimited by red lines on satellite images. Rectangular spaceswithin the red lines
are the treatment lagoons arranged to guarantee the wastewater flow between them by the unevenness of the terrain.
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centrifuged at 1700 ×g for 20min to flocculate PAC and SARS-CoV-2 ge-
netic material from the bulk sample. After discarding the supernatant,
the floc was suspended in 10 mL 3% beef extract (pH = 7.4) and
mixed on a shaker at 150 rpm for 10 min. Then it was centrifuged at
1900 ×g for 30 min. Finally, the obtained precipitate was suspended in
2.5 mL PBS pH = 7.4 and stored at -20 °C for further RNA extraction
and RT-qPCR assays.

2.3. RNA isolation and extraction

To assess for the presence of SARS-CoV-2 in wastewater samples
(Section 2.2), we performed nucleic acid purification by using
NucleoZOL® in combination with either (1) a manual method based
on nucleic acid retention by silica spin columns (NucleoSpin RNA Set
for NucleoZOL®, Macherey-Nagel, Germany) for PEG-processed sam-
ples, or (2) the chemical and mechanical disruption and further reten-
tion on a silica membrane column (NucleoSpin RNA Stool®,
Macherey-Nagel, Germany) for PAC-processed samples.

We performed both methods of RNA isolation for each wastewater
sample. Two hundred microliters of the PEG-processed sample were
lysed with NucleoZOL®, and DNA and proteins were precipitated by
centrifugation. Mixing the supernatant with a buffer helped bind the
3

RNA to the silica membrane of the column. After that, we made two
washing cycles with a specific buffer solution provided in the commer-
cial kit and obtained the RNA by elutionwith 60 μL of RNAse-free water.
On the other hand, 220 μL of the PAC-processed sample were treated
withNucleoZOL® and a Lysis Buffer following themanufacturer's proto-
col. These samples were mixed with ceramic beads and then lysed on a
shaker at room temperature for 10 min. After sample centrifugation at
10,000 ×g for 15 min, the obtained supernatant was passed through
an Inhibitor Removal Column® to retain molecules that could interfere
in RT-qPCR assays, and through a silica column to retain nucleic acids.
The putative retained DNA was digested with DNAse, followed by
three washing steps with specific buffers provided in the commercial
kits. Finally, we performed the elution of RNA with 80 μL of RNAse-
free water.

The total RNA was quantified using Nanodrop® equipment, and
then the remaining eluate was aliquoted and stored at −20 °C for fur-
ther processing by RT-qPCR assays.

2.4. SARS-CoV-2 genetic markers detection and quantification

SARS-CoV-2 genetic markers were detected by RT-qPCR using iTaq
universal probe one-step kit (Bio-Rad Life Science, USA). The 2019-

Image of Fig. 1
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nCoV CDC EUA Kit (IDT#10006606, L#0000512209) targeting both N1
and N2 regions that codify for the viral nucleocapsid. A 5 μL-aliquot of
the RNA-containing eluate (Section 2.3) was used as a template in a
final volume of 20 μL. The RT-qPCR amplification cycles were performed
according to the manufacturer's recommendations: 50 °C for 10 min
and 95 °C for 3 min, followed by 45 cycles at 95 °C for 15 s and 60 °C
for 50 s. We included positive (SARS-CoV-2 RNA from COVID-19 pa-
tients) and negative (nuclease-free water) reactions as analytical qual-
ity control. We considered the RT-qPCR reactions positive if the
observed Cq (quantification cycle) was less than 40. We assumed the
presence of inhibitors in those samples containing RNA that were
negative for RT-qPCR; in these cases, a dilution of sample (1:5, v/v)
was made (Peccia et al., 2020). All RT-qPCR assays were performed on
a BioRad CFX 96 thermal cycler, and the run data were analyzed in
CFX Maestro software (Biorad). The threshold was set at 30, and each
sample was quantified in duplicate, for which we provided a mean
value.

We quantified the viral load in wastewater samples using standard
curves of a plasmid (2019-nCoV_N_Positive Control, IDT) that codifies
for N1 and N2 regions. Linear dynamic range was evaluated among 25
and 5000 genetic copies for each marker. Standard curves had an R2

value of 0.995 (slope = -3.231; y-intercept = 39.619) for N1 and an
R2 value of 0.994 (slope = -3.733; y-intercept = 40.925) for N2. We
expressed the results as the number of genetic copies in 100 mL of
wastewater (copies/100 mL). Results of viral loads obtained from PAC-
processed samples, after RNA dilutions, are shown in Supplementary
Tables 1–4.

2.5. Variables related to epidemiological surveillance

The number of both, accumulated and weekly COVID-19 cases, was
provided by theMendoza HealthMinistry. In addition, theweekly num-
ber of deaths due to COVID-19 was obtained from daily communica-
tions by the Ministry (https://www.mendoza.gov.ar/prensa/salud/).
The clinical test positivity (%) was calculated according to the recom-
mendations of the Centers for Disease Control and Preventions (CDC,
USA) (https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/
calculating-percent-positivity.html), i.e., the average (week) daily num-
ber of positive clinical test divided by the average (week) daily number
of performed clinic tests and then multiplied by 100.

2.6. Statistical analysis

Pearson's correlations analyses were performed to test the correla-
tion between weekly COVID-19 cases and the number of genetic copies
by 100 mL of wastewater samples from both treatment plants. The sig-
nificance level was fixed at P < 0.05.

3. Results

3.1. Epidemiological data in the Mendoza province, Argentina

Fig. 1 shows the location and the area served by Campo Espejo and El
Paramillo, with a population of ~1.2 million people. We processed the
samples from these plants during the COVID-19 outbreak from July
2020 to January 2021. The Mendoza Health Ministry declared the com-
munity viral circulation by conglomerate on July 20, 2020,whenweekly
COVID-19 cases reached 356, and the accumulated COVID-19 cases
were 879 (Fig. 2a). The COVID-19 cases increased weekly between
August 10, 2020, and September 13, 2020, and this variable reached
the maximum value (5600 cases) at the end of October. The weekly
changes in the percentage of positive clinical tests (%) and the weekly
number of deaths due to COVID-19 showed a similar temporal pattern
(Fig. 2b). The percent of positive clinical tests was higher than 40% be-
tween the end of August and the end of October. On the other hand,
the highest number of deaths occurred between October 12 and 25,
4

2020, i.e., when high numbers of weekly COVID-19 cases (4938–5600)
were newly diagnosed (Fig. 2).

3.2. SARS-CoV-2 detection in wastewater samples

We detected SARS-CoV-2 RNA by RT-qPCR using two primer sets,
N1 and N2 (Supplementary Tables 1 and 2), already used and
validated for clinical laboratory testing. The average Cq for wastewa-
ter samples processed using PEG precipitation was 34.1 ± 0.35
(mean ± SEM) and 34.4 ± 0.38 (mean ± SEM) for N1 and N2
primers, respectively. The average Cq for wastewater samples proc-
essed using PAC flocculation was 34.3 ± 0.34 (mean ± SEM) for N1
and 34.6 ± 0.41 (mean ± SEM) for N2. Some RT-qPCR results were
negative when RNA was extracted from wastewater samples proc-
essed by flocculationwith PAC. This finding suggested that amaterial
that was co-purifiedwith total RNA inhibited the RT-qPCR.We found
that the dilution (1/5; v/v) of the total RNA allowed the amplification
and detection of the SARS-CoV-2 genetic markers N1 and N2
(Supplementary Tables 3 and 4).

3.3. Correlation between WBE from each treatment plant and
epidemiological data

Fig. 3 shows a representative analysis of SARS-CoV-2 RNA from EP
and CE, concerning the epidemiology of the places they serve. N2 of
SARS-CoV-2 RNA was the first marker to become positive on August
3rd, 2020. The SARS-CoV-2 RNA detection frequencies were similar in
both viral concentration procedures (PEG = 15/23 samples vs. PAC =
14/23 samples; Supplementary Table 1 and Fig. 3a). From early to
mid-August, SARS-CoV-2 N1 and N2 markers became positive when
low weekly COVID-19 cases (360 to 595) were reported in the places
served for the EPWWTP (Fig. 3a).Wastewater samples were detectable
for SARS-CoV-2 RNA genetic markers on August 3rd and 11th before the
biweekly doubling of weekly COVID-19 cases. Between September
7–13, 2020 –week with the highest value of COVID-19 cases (N =
1917)– and the end of October, wastewater samples were positive for
N1 and N2 of SARS-CoV-2 during eight consecutive weeks. Surprisingly,
wastewater samples from EP remained detectable between late No-
vember and December, when Mendoza Health Ministry reported be-
tween 140 and 290 weekly COVID-19 cases. A correlation analysis
between the weekly COVID-19 cases and a load of SARS-CoV-2 genetic
markers in the influent samples was also made (N1: r = 0.3185, P =
0.1386; N2: r = 0.3890, P = 0.1514). Both genetic markers, N1 and
N2, showed the highest values in the number of genetic copies
per 100 mL (copies/100 mL) of wastewater sample (N1 = 13,240;
N2 = 21,138) during September 14–20, 2020 (Fig. 3b and Supplemen-
tary Table 1). In addition, the N2 marker showed a second peak
(5292 copies/100 mL) in the week of November 2–8, 2020 (Fig. 3b
and Supplementary Table 1).

Campo Espejo WWTP receives sewage influents from people living
in Mendoza city, Las Heras, and Godoy Cruz districts. CE WWTP data
showed (Fig. 3c-d) a temporal pattern similar to that observed in the
El Paramillo WWTP. N2 from SARS-CoV-2 RNA was the first marker to
become positive on July 30, 2020. The SARS-CoV-2 RNA detection fre-
quencies were similar in both viral concentration procedures (PEG =
19/23 samples vs. PAC = 17/23 samples; Supplementary Table 2 and
Fig. 3c).Weekly COVID-19 caseswere correlatedwith the number of ge-
netic copies of SARS-CoV-2 (N1, r=0.5468, P=0.0069; N2, r=0.6282,
P = 0.3946). Wastewater samples were detectable for SARS-CoV-2 ge-
netic markers on August 11th (PEG) and on August 19th (PEG and
PAC), before the exponential growth phase of weekly COVID-19 cases.
After that, the wastewater samples were positive for SARS-CoV-2 (PEG
and PAC) during twelve consecutiveweeks (Fig. 3c), with four synchro-
nous peaks in the number of genetic copies of N1 andN2 (Fig. 3d). From
November 9 to November 29, weekly COVID-19 cases diminished grad-
ually while the wastewater samples remained positive. Between mid-

https://www.mendoza.gov.ar/prensa/salud/
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Fig. 2. Epidemiological data of SARS-CoV-2 pandemic in Mendoza, Argentina, from July 2020 to January 2021. a. Temporal evolution in the accumulated and weekly COVID-19 cases. b.
Temporal evolution in the weekly number of deaths by COVID-19 and percentage of positive clinical tests (%).
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November and December, weekly COVID-19 cases and the number of
genetic copies were low (Fig. 3d).

4. Discussion

Many authors in different countries started to detect the SARS-CoV-
2 virus in wastewater a few weeks after the WHO declared the COVID-
19 pandemic (Ahmed et al., 2020b; Haramoto et al., 2020; La Rosa et al.,
2020; Randazzo et al., 2020; Sherchan et al., 2020). Those studies
highlighted the utility of viral RNA monitoring in wastewater for
SARS-CoV-2 infection surveillance at a population-wide level. The pres-
ent paper is part of a research program aimed to examine wastewater-
based surveillance for assessing the circulation of the SARS-CoV-2 virus
in a population.

The use of WBE in the surveillance of COVID-19 is based on human
SARS-COV-2 excretion through the gastrointestinal tract. The viral ge-
netic material can thus be detected in the community drainage system
and wastewater treatment plants (Ahmed et al., 2021; Medema et al.,
5

2020), even before COVID-19 patients are detected in the population
and up to 21 days after the number of diagnosed cases decrease to
baseline (Amirian, 2020; Yeo et al., 2020). However, the effective use
of WBE depends on (a) the coverage of the sewage system of the com-
munity under study, (b) the development of standardized protocols for
SARS-CoV-2 concentration fromwastewater samples, and (c) the detec-
tion and quantification ofmolecularmarkers (Bogler et al., 2020; Kantor
et al., 2021; Mohapatra et al., 2020; Thompson et al., 2020).

In this work, monitoring of SARS-CoV-2 was evaluated by a combi-
nation of viral concentration and RNA extraction strategies (PEG
precipitation–NucleoZOL–silica membrane column; PAC flocculation–
NucleoZOL–Inhibitor Removal Column–silica membrane column).
These approaches have already been used to recover SARS-CoV-2 from
environmental water samples (Barril et al., 2021; La Rosa et al., 2020;
Pérez-Cataluña et al., 2021; Randazzo et al., 2020) because they showed
adequate viral recoveries when wastewater matrices artificially were
seeded with SARS-CoV-2 (Ahmed et al., 2020a; Barril et al., 2021;
Lewis and Metcalf, 1988). Some comparisons between both viral

Image of Fig. 2


Fig. 3. SARS-CoV-2 detection and epidemiological data from the area served byEl Paramillo (a–b) andCampoEspejo (c–d)WWTPs.Wastewater samplepositivity for both geneticmarkers,
N1 (green circles) and N2 (purple circles), which codify for the viral nucleocapsid of SARS-CoV-2 (a and c). Relationship betweenweekly COVID-19 cases and the number of SARS-CoV-2
genetic copies per 100 mL of wastewater (b and d).
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concentration strategies may highlight the possible significance for a
combinedmethodological application inWBE: (a) PEG precipitation ap-
pears more sensitive than PAC flocculation, (b) the temporal window of
6

SARS-CoV-2 detection becomes larger when both methodologies are
applied, (c) two SARS-CoV-2 RNA extraction kits were assessed to re-
move RT-qPCR inhibitors, (d) the viral load in samples processed by
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PAC are often higher than those processed by PEG, which appears to be
associated with a reported high recovery in the former (Barril et al.,
2021), and (e) the Ct values for N1 and N2 ranged between 30 and 40
for both vital concentration protocols as reported previously (Medema
et al., 2020; Pérez-Cataluña et al., 2021).

The SARS-CoV-2 RNA detection frequencies were similar in both
treatment plants using the two viral concentration procedures (Supple-
mentary Tables 1 and 2). For this reason, we can point out that the si-
multaneous application of optimized and standardized protocols of
viral recovery and molecular markers may facilitate the detection of
SARS-CoV-2 in wastewater.

The increases in SARS-CoV-2 N1 and N2 genetic markers (copies/
100 mL) in treatment plants occurred 3–6 days ahead of those in the
weekly confirmed COVID-19 cases. In a similar study in New Haven,
Connecticut, USA, Peccia et al. (2020) showed that SARS-CoV-2 RNA
concentrations from primary sewage sludge were 1–4 days ahead of
local hospital admissions and 6–8 days ahead of SARS-CoV-2 positive
test results by reporting date.

The limit of detection (LOD) of the 2019-nCoV plasmid (CDC, USA)
by RT-qPCR for N1 and N2 was 25 copies/reaction. In both treatment
plants, SARS-CoV-2 N2 became positive one week earlier than the N1
marker, and the former showed the highest concentrations in the pla-
teau during the first wave (Fig. 3). Medema et al. (2020) have reported
discrepancies amongCDCN1 trialswith CDCN2, CDCN3, and E_Sarbeco
for various wastewater samples in the emerging epidemic in the
Netherlands. Wu et al. (2020) reported variable levels of SARS-CoV-2
RNA in wastewater samples in Massachusetts, USA, using CDC N1, N2,
and N3 assays. Reciently, Ahmed et al. (2021) reported SARS-CoV-2
N1 and E but no N2 markers in wastewater samples at three WWTPs
in Southeast Queensland, Australia. The virus nucleocapsid (N) gene is
widely used for WBE; however, additional studies are necessary to
know the kinetics of each SARS-CoV-2molecular marker in wastewater
samples.

Despite the differences in the detections of both genes, the com-
bined analysis reflects the epidemic profile obtained by the clinical
cases reported by the Health Ministry in both studied regions. Overall,
our results allow us to trace the rise, exponential growth, plateau, and
fall of SARS-CoV-2 infections during 26 weeks (Figs. 2 and 3). A similar
study in France showed an increase in SARS-CoV-2 genetic copies before
that in COVID-19 cases (Wurtzer et al., 2020). These results show the
usefulness of WBE to reveal the dynamics of infection before diagnostic
tests and provide nearer real-time information on the prevalence of the
disease (Larsen and Wigginton, 2020).

After the first detection, a constant increase in the number of genetic
copies occurred at the beginning of the first epidemicwave of COVID-19
inMendoza, Argentina. Then, the increases in viral load in bothWWTPs
were coincidental with an increase in reported clinical cases.

The first episodic detections of SARS-CoV-2 in wastewater –in both
treatment plants in November though only in El Paramillo in
December– evidenced the end of the epidemic outbreak. Finally, the de-
crease in the detection of positive samples for SARS-CoV-2 in wastewa-
ter coincides with the decrease in confirmed clinical cases of COVID-19,
marking the end of the first epidemic COVID-19 wave.

5. Conclusions

The combined approach ofWBE and clinical testing helped us report
the public health status of a population of ⁓1 million residents in the
metropolitan region of Mendoza, Argentina, between July 2020 and
January 2021. We show that using at least two protocols to obtain
RNA samples and detect different genetic markers of SARS-CoV-2 in
wastewater samples is helpful to predict the increase in COVID-19
cases and to follow up the progression of the epidemic outbreak. Our
findings thus indicate that WBE is a reliable tool that objectively pro-
vides a global vision and analysis of the progress of the pandemic in a
community, overcoming the limitations of other epidemiological
7

control tools that are economically costly, such as lockdown and mas-
sive testing, and is a valid alternative for detection of asymptomatic
people.
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