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f Planta Municipal de tratamiento de efluente cloacales Bajo Grande-Laboratorio de análisis fisicoquímicos, bacteriológicos EDAR Bajo Grande, Cam. Chacra de la 
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A B S T R A C T   

Monitoring wastewater for the traces of viruses allows effective surveillance of entire communities, including 
symptomatic and asymptomatic infected individuals, providing information on whether a specific pathogen is 
circulating in a population. In the context of the COVID-19 pandemic, 261 wastewater samples from six com
munities of the province of Córdoba, Argentina were analyzed. From mid-May 2020 to the end of August 2021, 
raw sewage samples were collected from the central network pipe that enters into the Wastewater Treatment 
Plants (WWTP) in Córdoba city and five communities in the Punilla Valley. SARS-CoV-2 was concentrated by 
using the polyethylene glycol-6000 precipitation method. Viral genomes were extracted from concentrated 
samples, and N- and E-SARS-CoV-2 genes were detected by using real time RT-PCR. Wastewater samples that 
resulted positive for SARS-CoV-2 genome detection were subjected to viral variants of concern (VOCs) identi
fication by real time RT-PCR. Overall, just by using the identification of the N gene or E gene, the rates of viral 
genome detection were 43.4% (86/198) and 51.5% (102/198) respectively, and by using both methodologies 
(positivity criterion: detection of N and / or E gene), the detection rate was 71.2% (141/198). Thereby, the 
optimal strategy to study the SARS-CoV-2 genome in wastewater would be the use of the combined detection of 
both genes. Detection of SARS-CoV-2 variants in wastewater reflected their circulation in the community, 
showing no VOCs detection in the first COVID-19 wave and their co-circulation with Gamma, Alpha and Delta 
VOCs during 2021. Therefore, SARS-CoV-2 Wastewater Based Epidemiology (WBE) described the introduction, 
permanence and/or the co-circulation of viral variants in the community. In geographical areas with a stable 
population, SARS-CoV-2 WBE could be used as an early warning sign of new COVID-19 cases, whereas in 
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localities with a low number of inhabitants and high tourist influx, WBE may only be useful to reflect the cir
culation of the virus in the community. Overall, the monitoring of SARS-CoV-2 in wastewater can become a silent 
sentinel of the trend of viral circulation in the community, providing supplementary information for clinical 
surveillance to support public health measures.   

1. Introduction 

Since the coronavirus disease 19 (COVID-19) pandemic first broke 
out in December 2019, it has disrupted lives around the world for more 
than a year. The number of infected people until November 15th, 2021 
(the time this paper was written) was approximately 250 million 
worldwide and the death toll reached more than 5 million people. 
Whereas fever and respiratory tract manifestations such as cough are the 
most common reported symptoms in patients infected with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), some patients pre
sent gastrointestinal (GI) symptoms like diarrhea, loss of appetite, 
nausea/vomiting and abdominal pain (Su S, 2020) (Megyeri K, 2021), 
(Ramachandran P, 2020), (Redd WD, 2020), (Calitri, 2021). This is 
because SARS-CoV-2 has been shown to enter the cell by the Angiotensin 
Converting Enzyme-2 (ACE2) receptor (Hikmet, 2020), (Zou X, 2020) 
which is widely expressed in many types of cells and tissues of the GI 
tract. Specifically, SARS-CoV-2 can infect and replicate in esophageal 
cells and enterocytes, leading to direct damage to the intestinal 
epithelium. Different studies report that individuals infected with 
SARS-CoV-2 can excrete the virus by feces (Tian Y, 2020), (Wu Y, 2020), 
(Wang W, 2020). It is estimated that feces of people infected with 
SARS-CoV-2 contain 104-108 RNA copies per gram up to approximately 
three weeks after the onset of symptoms, with a mean excretion time of 
17 days, regardless of the presence or absence of the GI and other 
COVID-19 symptoms (Sender R, 2021), (Pan Y, 2020), (Xu Z, 2021), 
(Akiyama Y, 2021) (Yuan C, 2021), (Guo M, 2021). 

Monitoring wastewater for traces of enteric viruses allows effective 
surveillance of entire communities (including symptomatic and 
asymptomatic infected individuals), providing information on whether 
the pathogen is circulating in the population. This kind of surveillance, 
named wastewater-based epidemiology (WBE), has a long tradition in 

public health, especially in the case of polioviruses (PV) (WHO, Guide
lines for environmental surveillance of poliovirus circulation, 2003). 

The recently published European Union report highlights that sur
veillance of SARS-CoV-2 and its variants in wastewater can be a fast and 
reliable source of information about the spread of SARS-CoV-2 in the 
population and can be a valuable part of an enhanced genomic and 
epidemiological surveillance (Official Journal of the European Union, 
2021). As a consequence, wastewater monitoring should be included in 
national SARS-CoV-2 detection strategies. In the context of the 
COVID-19 pandemic, different researchers have suggested that a tem
poral correlation between SARS-CoV-2 RNA detection in sewage and the 
number of reported cases in a city may exist. In addition, it is suggested 
that WBE could provide an early warning sign of possible disease out
breaks in a community (Giraud-Billoud M, 2021), (La Rosa G, 2020), 
(Randazzo W, 2020), (Ahmed W A. N., 2020), (Medema G, 2020), 
(Izquierdo-Lara R E. G., 2021), (Peccia J, 2020), (Wurtz N, 2021), 
(Sharif S, 2021), (Haramoto E, 2020), (Ai Y, 2021), (Fongaro G, 2021), 
(Chavarria-Miró G, 2021). In this way, wastewater data could supple
ment current clinical measures of the spread of the virus at a community 
level. 

It is known that SARS-CoV-2 variants with multiple amino acid 
changes at the spike protein are emerging in different parts of the world, 
raising concerns regarding their possible impact on human health and 
vaccine immune response efficacy against the virus (Wilton T, 2021), 
(Tegally H, 2021), (Faria NR, 2021). The World Health Organization 
(WHO) has classified SARS-CoV-2 variants into variants of concern 
(VOC) and variants of interest (VOI), according to the virus’s features 
given by the mutations (transmissibility, virulence, clinical disease 
presentation, response to the vaccine) (WHO, https://www.who.int/act 
ivities/tracking-SARS-CoV-2-variants/tracking-SARS-CoV-2-variants., 
2021). In this sense, environmental surveillance of SARS-CoV-2 could 

Fig. 1. Geographical representation of the area under study: Argentina and the province of Córdoba, Argentina. The sampling points are indicated in colors. Córdoba 
City in red and Punilla Valley (Villa Giardino, Huerta Grande, La Falda, Valle Hermoso and Villa Carlos Paz) in yellow. 
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constitute a useful tool for viral surveillance in a community, providing 
an early warning of the introduction of variants into the population 
(Wilton T, 2021). 

In the present study, the wastewater samples of six communities in 
the province of Córdoba, Argentina, were analyzed. The goal of this 
work was to obtain information about the presence of SARS-CoV-2 in the 
community and the description of the circulation dynamics of SARS- 
CoV-2 variants in the population through the analysis of SARS-CoV-2 
in wastewater. The monitoring of SARS-CoV-2 in wastewater provides 
different information depending on the size and tourist influx of the 
community to be studied. The use of the point mutation detection 
strategy for the identification of SARS-COV-2 variants with particular 
attention on VOCs in wastewater samples expands the range of appli
cation of this methodology to samples other than clinical ones. 

2. Study methodology 

2.1. Study Area 

2.1.1. Córdoba city 
Cordoba city is the capital of the province of Córdoba, located in the 

central region of Argentina (31◦25′00′′S 64◦11′00′′O) and has 1,317,298 
inhabitants with a population, density of 2308 habitants/km2 (INDEC, 
2010) (Fig. 1). The sewerage system covers 50% of the population and 
no industrial wastewater is treated in this facility. The main wastewater 
treatment plant (WWTP) is named “Bajo Grande” and receives approx
imately the discharge of 50% of the sewage network coverage. 

2.1.2. Punilla valley 
Punilla Valley is a quasi-urbanized valley in the metropolitan area, 

which is located in the center-northwest of the province of Córdoba 
(31◦02′S 64◦30′O). At present, it is one of the main tourist centers of 
Argentina (Fig. 1). In this region, there are a lot of lakes-reservoirs, such 
as San Roque dam, on whose shores is located the city of Villa Carlos Paz, 
the largest city in Punilla Valley. According to the most recent National 
Census, Villa Carlos Paz has a population of 62,423 inhabitants and 37% 
of the population is connected to the sewage network. In summer, this 
city triples its population due to the large influx of tourists. La Falda 
additionally resides in this valley and maintains a population of 16,335 
inhabitants. There are also smaller towns, that stand out as tourist 
centers, as Villa Giardino (6702 inhabitants), Huerta Grande (5925 in
habitants), and Valle Hermoso (6187 inhabitants). La Falda has a 
sewage effluent plant that treats its own effluents and wastewater from 
Villa Giardino and Huerta Grande towns. In total, the sewage network 
coverage of these three localities is 51%. Valle Hermoso, whose main 
economic activity is tourism due to its spas and rivers with crystal clear 
waters, has a sewer network coverage of 20%. 

2.2. Wastewater sampling 

From mid-May 2020 to the end of August 2021, raw sewage samples 
were collected from central network pipes from four wastewater treat
ment plants (WWTPs). WWTPs included in the study as well as the 
period and frequency of wastewater samples collected are depicted in 
Table 1. 

For each sample, 0.5 l of wastewater were taken on weekday 
mornings by the grab collection method described in the WHO Guide
lines for Environmental Surveillance of Poliovirus Circulation (WHO, 
Guidelines for environmental surveillance of poliovirus circulation, 
2003). Each sample was transported within 6 h at 4 ◦C to 8 ◦C to the 
Institute of Virology, National University of Córdoba, Córdoba City, for 
further processing and analysis. 

2.3. Concentration of SARS-CoV-2 in wastewater samples 

SARS-CoV-2 was concentrated in sewage specimens by using the 
polyethylene glycol-6000 (PEG-6000) precipitation method, according 
to the WHO guideline for environmental surveillance of poliovirus cir
culation (WHO, Guidelines for environmental surveillance of poliovirus 
circulation, 2003) using the method described previously by Lewis and 
Metcalf (1988). Briefly, sewage was centrifuged at 4750 x 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 (Lab-Lemco’ Poweder, OXOID 
LTD, Basingstoke, Hammpshire, England) /2 M NaNO3 Titolo min 
99.5% (acidimetrico) (Analyticals, Farmitalia Carlo Erba S.p.A, Milano, 
Italy) eluant (pH 5.5) and stirred for 1 h at 4 ◦C. Solids were then 
removed by centrifugation at 10,000 x g for 20 min, and the eluate was 
mixed with the first supernatant obtained (S1) and adjusted to pH 7.2. 
PEG-6000 (Parafarm, Saporiti S.A.C.I.F.I.A, Buenos Aires, Argentina) 
was added to a final concentration of 10% (w/v) and NaCl pro-analysis 
A.C.S (Cicarelli laboratories, reagents S.A. Santa Fe, Argentina) to 2% 
(w/v). The resulting suspension was stirred overnight at 4 ◦C and 
centrifuged at 10,000 x g for 25 min. The PEG-containing supernatant 
was discarded, and the pellet was suspended in 5 mL PBS (Gibco, Invi
trogen Corporation, New York, USA) (pH 7.2), adjusted to pH 8.0, 
incubated for 1 h with occasional vortex, and centrifuged at 10,000 x g 
for 20 min. The supernatant was stored at − 70 ◦C. 

2.4. Genomic RNA extraction from viral concentrates 

Each concentrated sample (1 mL) was subjected to RNA automated 
extraction using MagNA Pure 96 DNA and Viral NA Large Volume Kit in 
MagNA Pure 96 system Roche (Roche Diagnostics GmbH – Mannheim, 
Germany), according to the manufacturer’s instructions. The extracted 
RNA was eluted in a final volume of 50 µL of a 60 mM Tris-HCl buffer. 
Blank control was included during the RNA extraction to monitor any 
possible cross contamination during samples processing. 

2.5. SARS-CoV-2 genome detection 

2.5.1. Amplification reactions 
Molecular detection of SARS-CoV-2 RNA was performed by real time 

RT-PCR using the DisCoVery SARS-CoV-2 RT-PCR Detection Kit (Safe
care Biotech Hangzhou Co. Ltd., China), that identifies the nucleocapsid 
(N) and open reading fragment 1ab (Orf1ab) genes. In this study, only 
results derived from N gene detection were analyzed since it has a higher 
analytical sensitivity for detection than the Orf1ab gene (i.e., from the 
total samples that resulted positive for N gene detection (n=88), only 
54.5% (n=48) were also positive for ORF 1ab gene. None of the samples 
resulted negative for N gene and positive for Orf1ab gene detection). 

Table 1 
Wastewater treatment plants (WWTP) included in the study, sampling frequency and number of samples collected.  

City WWTP Name Period of Samples Collection Sampling Frequency Number of Samples Collected 

CAPITAL DEPARTMENT    
Córdoba Bajo Grande mid-May 2020 - August 2021 Once a week 69 
PUNILLA DEPARTMENT (Punilla Valley)    
Carlos Paz Costa Azul May 2020 - October 2020 November 2020 - August 2021 Biweekly Once a week 63 
Valle Hermoso Valle Hermoso 63 
La Falda La Falda* 63  

* The WWTP La Falda, treats the effluents of La Falda, Villa Giardino and Huerta Grande localities 
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As of September 2020, N gene detection was coupled to envelope (E) 
detection, using the LightMix® Modular SARS and Wuhan CoV E-gene 
kit (TIB MOLBIOL GmbH, Berlin, Germany, distributed by Roche), to 
increase the SARS-CoV-2 genome detection sensitivity. 

In all cases, assays were run according to the manufacturer’s in
structions. Real time RT-PCR reactions were carried out using a Cobas Z 
480 equipment (Roche, Germany). The cycle conditions and the tem
perature ramps used for each of the amplification kits used are described 
in Tables 2 and 3. 

2.5.2. Controls used 
Before nucleic acid extraction, each sample was contaminated with 

an exogenous internal control (RNA Process Control - LightCycler® 
Multiplex RNA Virus Master-Roche) which was detected in parallel with 
the specific viral targets. This control allowed monitoring the extraction 
process and the presence of inhibitors. In those negative real time -RT- 
PCR wastewater samples, serial dilutions (1:5 v/v and 1:10 v/v) were 
performed to rule out the presence of inhibitors. 

In addition, the SARS-CoV-2 RNA detection kit includes RNaseP as an 
endogenous internal control. This control allows evaluating the quality 
of the samples. Finally, a positive control, included in the detection kit, 
was added to each amplification batch to monitor the amplification and 
detection of specific SARS-CoV-2 RNA viral genes. 

To validate the results, the software associated with the Cobas Z 480 
(Roche) analyzer was used, which applies an advanced result algorithm 
that interprets 3 key aspects of the PCR data: growth curve shape, 
growth curve height (curve amplitude) and Cycle threshold (Ct value). 
The validation criteria of the run were the following: No Template 
Control (NTC) (reagents blank): no Ct value in all targets evaluated (Gen 
N, Gen Orf-1ab, RNAseP and Gen E), extraction control: no Ct value in 
all specific targets evaluated (Gen N, Gen Orf-1ab and Gen E), Positive 
Template Control (PTC): for the kit DisCoVery Ct≤34 for Gen N, Gen 
Orf-1ab and RNAseP and for the kit LightMix-Roche Ct≤32 for Gen E. 
For the analysis of the samples: they were considered positive if typical 
S-shaped curve was observed in both the RNA Process Control and 

Table 2 
Cycling conditions for the DisCoVery SARS-CoV-2 RT-PCR Detection Kit, carried 
out in a Z480 Equipment (ROCHE, Germany).  

Program Step: RT Step Denaturation Cycling Cooling 

Analysis Mode None None Quantification mode None 
Cycles 1 1 45 1 
Target [◦C] 50 95 95 60 40 
Hold [hh:mm: 

ss] 
00:05:00 00:00:30 00:00:05 00:00:35 00:00:30 

Ramp Rate [◦C/ 
s] 

4.4 4.4 4.4 2.2 1.5 

Acquisition 
Mode 

None None None Single None  

Table 3 
Cycling conditions for the LightMix® Modular SARS and Wuhan CoV E-gene kit carried out in a Z480 Equipment (ROCHE, Germany).  

Program Step: RT Step Denaturation Cycling Cooling 

Analysis Mode None None Quantification mode None 
Cycles 1 1 45 1 
Target [◦C] 55 95 95 60 72 40 
Hold [hh:mm:ss] 0:05:00 0:05:00 0:00:05 0:00:15 0:00:15 0:00:30 
Ramp Rate [◦C/s] 4.4 4.4 4.4 2.2 4.4 1.5 
Acquisition Mode None None None Single None None  

Fig. 2. Real-time RT-PCR variant detection strategy for the detection of relevant VOC/VOI mutations/deletions present in the spike protein (mutation/deletions 
identification: N501Y, E484K, delH69V70, K417T, delL242_244L, L452R and P681R). 
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RNAseP specific detection channels of each specimen and Ct<40 for 
viral specific targets. 

A NTC blank was included. It consisted of the PCR mix with all 
necessary reagents for virus detection, but instead of an eluate, an 
equivalent volume of molecular biology quality water was used for viral 
amplification and detection. 

2.6. SARS-CoV-2 recovery rate from wastewater 

Serial dilutions (from 10− 1-10− 7) of a SARS-CoV-2 live wild type 
strain B.1 linage (hCoV-19/Argentina/PAIS-6001/2020, GISAID ID: EPI- 
ISL-499083) (viral titer 2.106 plaque forming units (PFU)/mL) were 
analyzed by real time -RT-PCR as it is described in items 2.4-2.5. The Ct 
values obtained for each viral dilution was plotted against the corre
sponding viral titer, expressed in PFU/mL. The relationship between the 
Ct values versus the titer of each serial dilution showed a curve with a 
value of R2 = 0.96. 

To estimate the SARS-CoV-2 recovery rate from wastewater by the 
PEG method, sewage subsamples from a sewage matrix previously 
determined as SARS-CoV-2 negative were seeded with a SARS-CoV-2 
viral suspension to a final concentration of 300 PFU/mL. As negative 

control sewage did not seed with the SARS-CoV-2 viral dilution was 
tested in parallel. Samples were then concentrated and analyzed by real 
time -RT-PCR following the methodology described above (2.3, 2.4 and 
2.5 sections). Ct values obtained were extrapolated in the curve to 
obtain the corresponding viral PFU/mL. 

SARS-CoV-2 recovery rate was calculated based on the PFU/mL as 
follows: Recovery rate (%) = (viral PFU/mL recovered / viral PFU/mL 
seeded) × 100. The recovery rate mean value was 15.75%; with a range 
of 12.65–22.85%. 

2.7. SARS-CoV-2 VOC detection 

VOC identification was performed by consecutive real time -RT-PCRs 
to detect relevant mutations/deletions present in the Spike protein using 
the TaqMan™ SARS-CoV-2 Mutation Panel reagent (Life Technologies 
Corporation-Pleasanton CA) in SARS-CoV-2 positive concentrated 
wastewater samples. 

With this methodology, the identification of mutations N501Y, 
E484K, delH69V70, K417T, delL242_244L, L452R and P681R was per
formed. Combined mutation analysis allowed the detection of a muta
tion profile compatible with VOCs Alpha, Beta, Gamma and Delta. Fig. 2 
shows the strategy used for variant detection. 

Assays were run according to the manufacturer’s instructions. Real 
time RT-PCR reactions were carried out using an Applied Biosystems 
7500 Real-Time PCR System (Applied Biosystems, USA). The cycle 
conditions and the temperature ramps used for each of the amplification 
kits used are described in Table 4. 

2.8. Estimation of SARS-CoV-2 excretors in sewers 

The number of individuals excreting the virus by faecal matter at the 

Table 4 
The conditions for the TaqMan™ SARS-CoV-2 Mutation Panel reagent (Applied 
Biosystems) on the Applied Biosystem 7500 Equipment.  

Step Temperature Time Number of Cycles 

Reverse Transcription[1] 50 ◦C 10 s 1 
Fast DNA polymerase activation[2] 90 ◦C 2 s 1 
Denaturation 90 ◦C 3 s 45 
Anneal / extend 60 ◦C 30 s 
Post-read 60 ◦C 30 s 1  

Fig. 3. Detection of SARS-CoV-2 and VOCs in wastewater from Córdoba city. The curve with dotted line shows the number of cases of reported COVID 19 accu
mulated in 17 days in Córdoba city (Ministry of Health of Cordoba Province).Bullets and : detection of the SARS-CoV-2 genome by identifying the N and E 

genes respectively. Pointed Wheels: Identification of SARS-CoV-2 and VOCs by Typing: No VOCs; Alpha, Gamma and Delta.Vertical line: represents 
the first SARS-CoV-2 genome detection in wastewater on each period. 
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time the wastewater sample was obtained was estimated based on the 
following: 1) the 35% of individuals infected with SARS-CoV-2 excrete 
the virus via faecal matter (Wu Y, 2020), (Wang W, 2020); 2) the 
average SARS-CoV-2 genome excretion time is 17 days (Tian Y, 2020); 
3) the sewage network coverage of the communities studied (official 
data available from the study communities) (WHO, Guidelines for 
environmental surveillance of poliovirus circulation, 2003); and 4) the 
daily report of SARS-CoV-2 cases in each studied locality studied. 

3. Results 

From the total samples collected (n = 261), 24.1% (63/261) were 
only assayed for the detection of SARS-CoV-2 RNA N gene, and the 198 
remaining samples (75.9%) were analyzed for the detection of both 
SARS-CoV-2 RNA N and E genes. Fifty-eight samples from the total 
analyzed for both genes (29.3%) resulted negative; 47 (23.7%) were 
positive for both genes; 39 samples (19.7%) were positive only for the N 
gene and 55 samples (27.8%) were positive only for the E gene. Overall, 
by using the DisCoVery SARS-CoV-2RT-PCR Detection Kit, which iden
tifies the N gene; the detection rate of the viral genome was 43.4% (86/ 
198); by using the LightMix® Modular SARS and Wuhan CoV E-gene kit, 
the detection rate was 51.5% (102/198); by and using both methodol
ogies (positivity criterion: detection of N and / or E gene), the detection 
rate was 71.2% (141/198). 

3.1. SARS-CoV-2 genome and VOC detection in Córdoba city 

The sampling of wastewater from the main pipeline of Bajo Grande 
WWTP started on 11th May 2020, when clinical cases continued to in
crease gradually in Córdoba city. The first wastewater sample in which 
the virus genome was detected corresponded to 24th August 2020 

(Fig. 3). From that moment onwards, the detection of SARS-CoV-2 RNA 
in sewage reflected the viral circulation in the community. The detection 
of the viral genome in wastewater can be divided into three periods: the 
first comprises the period 24th August-14th December 2020 and reflected 
the first epidemic wave in the city of Cordoba. The first detection of viral 
genome in sewage was an early warning sign of the subsequent increase 
in cases of COVID-19 in Córdoba city. Since mid to end of December 
2020, no additional SARS-CoV-2 genome was detected (Fig. 3). 

A second period of SARS-CoV-2 genome detection in sewage began in 
January 2021 to mid-February 2021, matching with the report of a 
summer COVID-19 epidemic outbreak. Genome detection in early 
January was predictive of the summer outbreak. From mid-February to 
mid-March 2021, no additional SARS-CoV-2 genome was detected. 

The third period was registered from the middle of March 2021 (15th 

March 2021), displaying that the detection of SARS-CoV-2 RNA in 
sewage samples had a predictive value two weeks in advance of the 
beginning of the second epidemic wave in Córdoba city. In this second 
epidemic wave, the virus genome was detected continuously, accom
panied by an increase in COVID-19 cases. The lowest Ct values (between 
30 and 32) for gene E in this period were detected in two occasions with 
a similar pattern (Fig. 3). One pattern spans from 5th to 19th April 2021. 
In the sample collected on April 5th, a Ct value of 31.7 was obtained, 
coinciding with the beginning of an increase in reported COVID-19 
cases. In the following two weeks, Ct values for the E gene of 30 and 
31.5 were obtained, accompanying the increase in reported COVID-19 
cases. The second moment spans from 3rd to 17th May 2021. In the 
sample collected on May 3rd, a Ct value of 30.5 for the E gene was ob
tained, matching with the beginning of an exponential increase in re
ported COVID-19 cases. In the samples collected in the following weeks, 
Ct values of 30.5 and 31 were detected. 

From the SARS-CoV-2 variant analysis, in the first epidemic wave in 

Fig. 4. Number of daily cases of COVID-19, detection of SARS-CoV-2 in wastewater from Carlos Paz city and circulation dynamics of VOCs. A. Number of COVID-19 
cases accumulated at 17 days of integration in Carlos Paz city. Bullets and : detection of the SARS-CoV-2 genome by identifying the N and E genes respectively. 

Pointed Wheels: Identification of SARS-CoV-2 and VOCs by Typing: No VOCs; Alpha and Gamma. 
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Córdoba city, no VOC circulation was identified. At the beginning of 
March 2021, VOCs Gamma and Alpha were first identified in waste
waters. In August 2021, VOC Delta was first detected in wastewater 
samples, in co-circulation with Gamma, Alpha and no VOC variants 
(Fig. 3). 

3.2. SARS-CoV-2 genome and VOC detection in Punilla Valley 

The SARS-CoV-2 detection in wastewater collected in WWTP from 
the localities of Valle Hermoso and La Falda (which includes sewage 
from La Falda, Huerta Grande and Villa Giardino) reflected a common 
viral pattern, which was characterized by a continued SARS-CoV-2 
genome detection. This pattern reflected the circulation of the virus in 
the studied localities. Besides, the epidemic curves in all the studied 
localities were defined by peaks of increasing and decreasing incidence 
of clinical COVID-19 cases over time (Figs. 5 and 6). 

By contrast, in Carlos Paz city, the detection of the viral genome in 
wastewater can be divided into two periods: the first one, from October 
2020 to the end of November 2020, corresponded to the first epidemic 
wave, as occurred in Córdoba city. Then, during the period November 25 
- December 31, SARS-CoV-2 genome was not detected in sewage sam
ples. From the beginning of January 2021, a second period of viral 
detection in sewage could be defined, matching with the second 
epidemic wave. This period was between the first week of January 2021 
and the end of August 2021, when the present study was completed. The 
presence of SARS-CoV-2 genomes in sewage on January 4th (just before 
the tourist season started) was an early warning signal of the following 
increase of COVID-19 clinical cases in Carlos Paz city. 

From the SARS-CoV-2 analysis variants, no VOCs circulated during 
the whole period studied in all the localities of Punilla Valley. In April 

2021, VOC variants Gamma and Alpha were detected for the first time in 
wastewaters in co-circulation with no VOCs. In the month of August 
2021, VOC Delta was registered in co-circulation with Gamma and no 
VOCs (Figs. 4, 5 and 6). 

4. Discussion 

The study of SARS-CoV-2 epidemiology based on wastewater from 
Córdoba and Carlos Paz cities reflected the epidemic curve based on 
COVID-19 cases, with the detection of the viral genome in sewers pre
dictive of epidemic waves and isolated outbreaks. Our finding is in 
concordance with the result obtained by Giraud-Billoud et al. (2021) 
which indicates that WBE is a useful epidemiological indicator to 
anticipate the increase in COVID-19 cases. The predictive value of the 
presence of SARS-CoV-2 genome in wastewater could be explained by a 
significant number of asymptomatic, pre-symptomatic and slightly 
symptomatic excretors. Data published by Pan et al. (2020) and Wu 
et al. (2020) indicate that SARS-CoV-2 genome shedding may occur soon 
after infection. Therefore, different authors highlight the utility of 
SARS-CoV-2 monitoring in wastewater as a non-invasive early warning 
tool to support health surveillance (Fongaro G, 2021), (Larsen DA, 
2020), (Mousazadeh M, 2021). 

However, in La Falda, Villa Giardino, Huerta Grande and Valle 
Hermoso, the SARS-CoV-2 genome in sewage was continuously detected 
throughout the studied period, accompanying a pattern characterized by 
abrupt increases and decreases in the reported incidence of COVID-19 
cases. This could be explained because the studied localities have a 
low number of inhabitants and a high influx of tourists. During summer 
and winter holidays and special holiday periods such as Easter and 
carnival, their populations can even be four times higher with tourists 

Fig. 5. Number of daily cases of COVID-19, detection of SARS-CoV-2 in wastewater from La Falda, Villa Giardino and Huerta Grande, and circulation dynamics of 
VOCs. Number of COVID-19 cases accumulated at 17 days of integration from La Falda, Villa Giardino and Huerta Grande. Bullet and : detection of the SARS- 

CoV-2 genome by identifying the N and E gene respectively. Pointed Wheels: Identification of SARS-CoV-2 and VOCs by Typing: No VOCs; Alpha, Gamma 

and Delta. 
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entering and leaving the place week after week. It is likely that infected 
individuals remain a few days in the locality, being registered as cases in 
the health system but no longer contributing to the excretion of SARS- 
CoV-2 in the sewage system. Therefore, WBE is a population-based 
study tool, which necessarily requires a stable population. 

The sensitive detection of SARS-CoV-2 RNA in wastewater depends 
in part on the molecular-based methods employed, which remain 
diverse and unstandardized (Hamouda M, 2021). Different authors have 
reported discrepancies among CDC N1 trials with CDC N2, CDC N3, and 
E_Sarbeco for wastewater samples in the emerging epidemic in different 
parts of the world (Medema G, 2020), (Wu F, 2020), (Ahmed W B. A., 
2020), (Giraud-Billoud M, 2021). In our work, commercial kits were 
used to detect N and E SARS-CoV-2 genes. The results obtained showed 
discrepancies in the detection of the SARS-CoV-2 genome using one or 
another, indicating that the optimal strategy to study the SARS-CoV-2 
genome in wastewater would be the use of the combined detection of 
both genes. 

One of the limitations of this work is that the genomic load was not 
quantified in the positive samples. Different studies have performed the 
quantification of the SARS-CoV-2 genome in wastewater, reporting a 
general trend between the genomic load detected and the number of 
COVID-19 cases registered. However, other works have shown low 
genomic loads in wastewater samples obtained during a period with 
high number of reported COVID-19 cases (Barrios ME, 2021), (Gir
aud-Billoud M, 2021). Similarly, high genomic loads detected in 
wastewater are observed with a low number of reported COVID-19 cases 
(Giraud-Billoud M, 2021), (Barrios ME, 2021), (Ahmed W B. A., 2020), 
(Randazzo W, 2020). Multiple variables involved in the epidemiological 
scenario could explain these discrepancies. Regarding the number of 
reported cases of COVID-19 in a community, the most important vari
ables involved are as follows: a) the strength of the health system for 

diagnosis, b) the capacity of diagnostic tests, c) the criteria to define and 
register COVID-19 cases and d) the ability to access the health system. 
However, genomic load detected in wastewater depends on the 
following: a) the percentage of individuals connected to the sewage 
system in a community, b) the methodology used for sample concen
tration and detection of the genome in wastewater, and c) virus dilution 
events in wastewater due to weather conditions (I.e. storm water 
runoff), among others (Hamouda M, 2021). Moreover, Barrios et al. 
(2021) noted that changes in the SARS-CoV-2 genome concentration in 
sewage samples collected from small communities do not correlate with 
the number of COVID-19 cases in the same time period. However, 
Melvin et al. (2021) proposed the Melvin Index, that can be applied both 
to wastewater treatment facilities (WWTF) that serve a wide range of 
population sizes and to large regions that are served by multiple WWTFs. 
The authors proposed that the Melvin index could avoid the influence of 
the population served and the rate of wastewater flow. Therefore, the 
relationship between genomic load and COVID-19 cases in a community 
must be interpreted in the context of the characteristics and size of the 
analyzed population and the health system in that community. 

Detection of SARS-CoV-2 variants in wastewater reflected their cir
culation in the community (Córdoba, 2021), showing no VOCs detection 
in the first COVID-19 wave and its co-circulation with Gamma, Alpha 
and Delta VOCs during 2021, as they were introduced into the com
munity. Coinciding with what was recorded in clinical surveillance, the 
implemented strategy resulted in a useful tool that allowed the char
acterization of circulation dynamics of variants in the studied localities 
(Castro G. M., 2021). To our knowledge, this is the first research work 
that implements this point mutation detection strategy for the identifi
cation of SARS-COV-2 variants in wastewater samples. In this sense, in 
addition to all the advantages previously described for this strategy 
(cost-effective, short time-consuming, no extra equipment required or 

Fig. 6. Number of daily cases of COVID-19, detection of SARS-CoV-2 in wastewater from Valle Hermoso city and circulation dynamics of VOCs. A. Number of daily 
COVID-19 cases reported. B. Number of COVID-19 cases accumulated at 17 days of integration from Valle Hermoso. Bullet and : detection of the SARS-CoV-2 

genome by identifying the N and E gene respectively. Pointed Wheels: Identification of SARS-CoV-2 and VOCs by Typing: No VOCs; Alpha, Gamma and 

Delta. 
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specialized personnel and massive rapid typification) (Castro G. M., 
2021), it was possible to typify samples with Cts>30, which is often 
difficult in traditional sequencing typing techniques (Crits-Christoph A, 
2021) (Izquierdo-Lara R E. G., 2021). Additionally, this methodology 
allowed detection of more than one VOC simultaneously in the same 
sample. In Córdoba province, as in some countries around the world, 
like Australia (Medema G, 2020), New Zealand (Ahmed W B. A., 2020), 
the Netherlands (Bhattacharya P, 2021) and parts of Brazil (Claro ICM, 
2021), environmental surveillance was adopted by the Ministry of 
Health as a tool to track the circulation dynamics of SARS-CoV-2 in the 
community. 

5. Conclusion  

• The monitoring of SARS-CoV-2 in wastewater can become a silent 
sentinel of the trend of viral circulation in the community, providing 
different information according to the size and dynamics of the 
population.  

• In geographical areas with a stable population, the first detection of 
the SARS-CoV-2 viral genome in wastewater after a period of non- 
detection, is an early warning sign of the subsequent increase in 
COVID-19 cases.  

• In localities with a low number of inhabitants (lower than 16,000 
inhabitants) and high tourist influx, in which a continuous detection 
of SARS-CoV-2 genome in wastewater was detected through the 
studied period, this tool may be useful only to reflect the circulation 
of the virus in the community.  

• The profile of variants detected in wastewater showed that WBE of 
SARS-CoV-2 allows to know the dynamics of circulation of the viral 
variants in the studied communities.  

• WBE of SARS-CoV-2 could provide supplementary information for 
clinical surveillance to support public health measures. 
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