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Abstract

Group A Rotavirus, Human Astrovirus, and Norovirus (RVA, HAstV, and NoV) are recognized as the major causative agents
of acute gastroenteritis in children and adults worldwide. The aim of this study was to determine the prevalence and molecular
epidemiology of RVA, HAstV, and NoV in wastewater from three cities in Uruguay. Thirty-six samples from Bella Unidn,
Salto, and Fray Bentos cities were analyzed using quantitative and qualitative PCR. RVA was the most frequently detected
virus (50%), followed by HAstV (39%), NoV GII (36%), and NoV GI (25%). RVA strains were characterized as P[8] and G3
based on the VP4 and VP7 genes, respectively. Among NoV-positive samples, genotypes GI.2, GI.3, GL.5, G1.6, G1.7, GIL.2,
GII.6, and GII.4 were detected, and only one HAstV genotype (MLB1) was found. Our wastewater-based epidemiological
approach provides a snapshot of the overall genetic diversity of these viruses in three cities of the Uruguay River basin during
2017-2018. These findings reinforce the importance of this environmental surveillance tool for monitoring epidemiological

trends of enteric viruses circulating in the population, which can be used to guide public health intervention.
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Introduction

Enteric viruses are a group of viruses that infect and repli-
cate in the gastrointestinal tract of the host, causing different
diseases such as gastroenteritis, encephalitis, or viral hepa-
titis. Their mode of transmission is through the fecal-oral
route, being therefore, commonly found in wastewater.
(Banyai et al., 2018). These viruses in wastewater frequently
contaminate rivers and lakes constituting a source of infec-
tion when people enter in contact with these recreational
environments. Their transmission is very efficient since they
are frequently excreted in high concentrations (reaching up
to 10! viral particles per gram of fecal matter) in the feces
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of infected people, persist for long periods of time in the
environment, and present a low infective dose (Banyai et al.,
2018). Viral acute gastroenteritis (VAGE) is a major cause
of morbidity and mortality in infants less than 5-years-old
mainly in developing countries (Ghssein et al., 2018; Gupta
et al., 2017). Diarrheal disease is the second most important
cause of death in children under five years old, with 1.7 bil-
lion cases and 525,000 deaths annually in children in this
age group, worldwide (WHO, 2017).

Within the enteric viruses, Group A Rotavirus (RVA),
Human Astrovirus (HAstV), and Norovirus (NoV) are
recognized as the main cause of gastroenteritis in humans
worldwide (Estes & Greenberg, 2013, Robilotti et al., 2015;
Vu et al., 2017). RVA belongs to the family Reoviridae and
possesses a genome composed of 11 segments of double-
stranded RNA. The current classification of RVA genotypes
is based on the sequence of the VP7 gene (which encodes the
G-capsid protein) and VP4 gene (which encodes the P-cap-
sid protein), and at least 36 G genotypes and 51 P genotypes
have been identified (RCWG, 2018). Human Astroviruses
belong to the Astroviridae family and are classified into clas-
sical HAstV, Melbourne (MLB) clade, and Virginia clade
(VA) according to the International Committee on Taxon-
omy of Viruses (ICTV, 2018). Classical HAstVs consist in
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1-8 genotypes (HAstV-1-8), while the MLB and VA clades
are genetically distinct from classical HAstVs and present a
near genetic relationship with animal astroviruses (Arowolo
et al., 2020). Finally, NoV belongs to the Caliciviridae fam-
ily and is subdivided into 10 genogroups (G), GI to GX, with
GI and GII (which include human strains) further divided
into 9 and 27 genotypes, respectively (Chhabra et al., 2019).

RVA during 2015-2016 in wastewater treatment plants
(WWTP) in Catalonia, Spain was detected in the 90% of the
samples demonstrating high prevalence of circulation in this
population with the presence of genotypes G2, G3, G9, G12,
P[4], P[8], P[9], and P[10] (Silva-Sales et al., 2020). Con-
sidering RVA molecular epidemiology in Iran, genotypes
G10 and G1 were the predominating genotypes detected in
treated and raw sewage of two WWTPs (Atabakhsh et al.,
2020). Another study conducted by Kargar et al. (2013) in
Shiraz Hospital, reported the predominance of genotype G1.

Recent studies in HAstVs suggested that they also affect
the central nervous system. Type 1 VA-AstVs are strongly
suggested to be associated with encephalitis in immunocom-
promised patients (Lum et al., 2016). Compared to other
human enteric viruses such as noroviruses and rotaviruses,
HAstVs are not deeply characterized (Hata et al., 2018).
Types 1 and 2 MLB-AstVs were identified in wastewater
samples collected in the United States, whereas all known
genotypes of MLB-AstVs (types 1-3) were found from
samples collected in Nepal (Hata et al., 2018). In children
with acute gastroenteritis in Japan (2012-2013) MLB1 and
MLB?2 strains were the most predominant clade, followed
by classical astrovirus and VA astrovirus (Khamrin et al.,
2016).

Previous studies determined a high prevalence of NoV in
several regions worldwide, such as Africa where GII.4 geno-
type dominates (Afework et al., 2022). Similarly, in Brazil,
GII was responsible for 71% of NoV-positive VAGE cases,
with GIIL.4 prevailing across all the regions of the country
(Fioretti et al., 2011; Bitencurt et al., 2019). Notably, there
have been at least six epidemic strains of GII.4 since 1995,
namely US 1995/96, Farmington Hills 2002, Hunter 2004,
Den Haag 2006b/Yerseke_2006a, New Orleans 2009, and
Sydney 2012 (Bitencurt et al., 2019).

Studies of enteric viruses in Uruguay, conducted nearly a
decade ago (2011-2012), analyzed both clinical and waste-
water samples. These investigations revealed the presence of
several viral strains reflecting a wide circulation in the local
population. These findings provide evidence that wastewater
is a significant source of contamination and poses a potential
public health risk in this region (Lizasoain et al., 2015, Vic-
toria et al., 2014, 2016, Tort et al., 2015a, 2015b).

Wastewater-based epidemiology (WBE) is a tool that pro-
vides a snapshot of the overall health of a community based
on what is excreted in sewage (Mao et al., 2021). The WBE
approach has multiple applications, including its use as an

early alert of a viral circulation (Aguiar-Oliveira et al., 2020)
and as an effective method to determine the viral molecu-
lar epidemiology (Barril et al., 2010, Hellmer et al. 2014,
Prevost et al. 2015, Tort et al., 2015a, Guo et al., 2022, Yu
et al., 2022).

The present study aim to shed light on the RVA, NoV and
HAStV strains that circulated in three cities from the north-
western region of Uruguay by analyzing wastewater samples
obtained from March 2017 to February 2018 through a WBE
approach.

Materials and Methods
Wastewater Sampling

From March 2017 to February 2018, monthly collections
of wastewater were performed in three cities from the
northwestern region of Uruguay: Bella Unidn, Salto, and
Fray Bentos. Bella Union is located at the northern region
of Uruguay with a population of 18,406 inhabitants (INE,
2011). Salto is located 143 km south from Bella Union with
a population of 104,028 inhabitants (INE, 2011). Fray Ben-
tos is located 241 km south from Salto with a population of
24,406 inhabitants (INE, 2011). All the cities are located on
the riverside of the Uruguay River, the most important river
of the country (Fig. 1). Samples from Salto and Fray Bentos
city were collected in the single pipe of each city, which
directly discharges untreated sewage from these cities into
the Uruguay river. In Bella Union city, the sewage samples
were collected into a stream where the treated wastewater is
directly discharged from a two stabilization ponds system.
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Fig.1 Map of Uruguay showing the sampling points located in each
city: Bella Union, Salto, and Fray Bentos
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This wastewater collection sites were determined in order to
represent the population of each city.

Viral Concentration, Nucleic Acid Extraction,
and Reverse Transcription

Wastewater samples were concentrated by the ultracen-
trifugation method described by Pina et al. (1998). Briefly,
42 mL of sample were centrifuged at 100,000 x g for 1 h
at 4 °C. The pellet was eluted in 3.5 mL of 0.25 N glycine
buffer (pH 9.5) and incubated on ice for 30 min with shak-
ing every 5 min. Then, 3.5 mL of PBS 2X (pH 7.2) was
added, mixed, and centrifuged at 12,000 X g for 15 min. The
supernatant was quickly transferred to an ultracentrifugation
tube and the pellet was removed. Another centrifugation at
100,000 x g for 1 h at 4 °C was performed and the superna-
tant was quickly discarded. The pellet was resuspended in
200 pL of 1 X PBS and stored at — 80 °C for further analysis.
The viral recovery rate of ultracentrifugation viral concen-
tration method is about 12% for both PP7 and recombinant
AdV from wastewater (Blanco Fernandez et al., 2017).
Viral RNA was extracted from 140 pL of the concen-
trated sample using the commercial QIAamp Viral RNA kit
(Qiagen Inc., Hilden, Germany). The manufacturer’s pro-
tocol was followed, and the purified viral RNA was eluted
in 30 pL of elution buffer and stored at — 80 °C until the
reverse transcription (RT) procedure. Extracted RNA was
reverse transcribed into cDNA using the SuperScript 11
Reverse Transcriptase and Random Hexamer Primers (both
from Invitrogen™, USA), according to the manufacturer’s
instructions. Ten microlitres of RNA and tenfold dilution of
the RNA were used as a template for RT in order to remove
enzymatic inhibitors presented in wastewater samples.

Quantitative PCR (qPCR)

For detection and quantification of RVA, NoV GI, GII, and
HAstV, three qPCR were performed with TagMan technol-
ogy and Rotor-Gene Q instrument (Qiagen®). Undiluted and
tenfold diluted samples were analyzed in duplicate using
SensiFAST™ Probe No-ROX Kit (Bioline, London, UK)
together with primers and probes for RVA (Zeng et al.,
2008), HAstV (Dai et al., 2010), and a multiplex for NoV
GI and GII (Pang et al, 2005; Schultz et al, 2011).

RVA standard curve was performed with nine points of
serial dilutions of plasmid from 10® to 10° genomic copies/
reaction (gc/r) that yield a slope of —3.59 and a reaction
efficiency of 0.90. The standards curve of NoV GII and NoV
GI were performed with the same serial dilutions as the RVA
quantification that yields a slope of —3.43 and a PCR effi-
ciency of 0.96 for NoV GII and —3.02 and 1.14 for NoV GI.
For HAstV, the standard curve was performed with the same
dilutions as RVA, NoV GI, and NoV GII with a slope of
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—3.31 and efficiency of the reaction of 1.01. The detection
limits of the gPCR reactions for RVA, NoV GI, NoV GII,
and HAstV were 5, 30, 5, and 5 genomic copies per gPCR
reaction, respectively. Samples presenting no signal ampli-
fication (not detected) were considered below the detection
limit of this technique.

Molecular Characterization
Nested PCR for RVA

Two nested PCR were used for G and P genotypes of the
VP7 and VP4 genes, respectively (WHO, 2009). The primers
used in the first round PCR for G and P, were 9con1/9con2
and 4con2/4con3, respectively. The second round PCR con-
tains the internal primers VP7F/VP7Rdeg (881 bp) for G
and VP4F/VP4R (663 bp) for P genotypes.

PCR for HAstV

Detection of emerging HAstVs was performed with primers
SF0073 and SF0076 that target a highly conserved region
of the ORF 1b (viral RNA polymerase) of astroviruses. The
amplicon obtained is 409 bp long (Finkbeiner et al., 2009).

Semi-nested PCR for NoV

Two semi-nested PCRs (GI and GII) were used. For GI,
primers COG1F/G1SKR and G1SKF/G1SKR were used for
the first (380 bp) and second (330 bp) rounds, respectively.
For GII, primers COG2F/G2SKR and G2SKF/G2SKR were
used for the first (390 bp) and second (340 bp) round PCRs,
respectively. These primers hybridize in the ORF1/ORF2
junction region and the 5' region of ORF2 (VP1 capsid pro-
tein) (Kitajima et al., 2010).

All the PCR products were run in a 1.5% agarose gel elec-
trophoresis and the amplicons were purified with the com-
mercial AxyPrep™ DNA Gel Extraction kit (AXYGEN®).
DNA strands were sequenced by Sanger sequencing method-
ology at Macrogen Inc. (Seoul, South Korea) and sequences
were deposited in GenBank with the following accession
numbers: 0Q324916, 0Q346254, 0Q346261, 0Q346262,
0Q414203, 0Q414237, 0Q414241, 0Q414242,
0Q421105, 0Q421123 for NoV GI; 0Q356350, 0Q356465,
0Q357263, 0Q357880, 0Q357897, 0Q357900, OQ358122,
0Q358123, 0Q421257, 0Q421437, 0Q503416 for NoV
GII. 0Q513257 and 0Q603360 for HAstV. 0Q603361,
0Q603362, 0Q626714, and 0Q626713 for RVA.

All the procedures were performed using nuclease-free
water as negative control and viral strains of known geno-
types for each virus as positive controls.
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Phylogenetic Analysis

The molecular characterization of RVA, HAstV, and NoV
strains was performed by Maximum Likelihood (ML) phy-
logenetic analysis of the sequences obtained from the ampli-
cons of these viruses.

Assembly and editing of the sequences were performed
with Seqman® version 7.0 (DNAStar Lasergene, Madison,
WI, USA). All datasets were aligned using MAFFT v7.467
program and subjected to ML phylogenetic analysis.

The ML phylogenetic trees were inferred with IQ-TREE
1.6.1 software under the best-fit model of nucleotide sub-
stitution selected using the ModelFinder application (RVA
VP4: TIM+F+ G4, RVA VP7: HKY +F+1, NoV GI:
TIM2e +1+ G4, NoV GII: TIM3e +1+ G4, and HAstV:
TIM2 +F +1+ G4). Branch support was assessed using
the approximate likelihood-ratio test based on a Shimo-
daira—Hasegawa-like procedure (SH-aLRT) with 1,000 rep-
licates. Final trees were visualized in FigTree v1.4.4.

Results

Between March 2017 and February 2018, monthly wastewa-
ter sampling was performed from three cities in the north-
western region of Uruguay, Bella Unién, Salto, and Fray
Bentos. RVA was detected in 50% of the analyzed samples
(18/36) through qPCR. Additionally, HAstV was detected in
39% of the wastewater samples, while NoV GII and GI were
present in 36% and 25% of the analyzed samples, respec-
tively (Fig. 2).

In untreated wastewater from both Fray Bentos and Salto
cities, the studied viruses were detected year-round except
in July 2017 in Fray Bentos and October 2017 and Janu-
ary 2018 in Salto. On the other hand, in treated wastewater
from Bella Union, these viruses were scarce detected over
the analyzed period and NoV GII was not detected (Fig. 2).

Regarding untreated wastewater samples, RVA and NoV
GII were the viruses with the highest frequency of detec-
tion in Fray Bentos, both detected in 67% of the samples.
Additionally 5 out of 12 samples (42%) from Fray Ben-
tos were positive for HAstV and 4 out of 12 (33%) were
positive for NoV GI. In Salto, the virus with the highest
frequency of detection was RVA, detected in 58% of the
samples, followed by HAstV in 42%. NoV GII and NoV GI
were detected in 33% and 25% of the samples analyzed from
Salto, respectively.

In Bella Unién, RVA and HAstV were detected in 25%
of the samples and NoV GI in 8.3% of them. It is important
to highlight that in Bella Union, treated wastewater samples
were analyzed.

The co-circulation of different viruses in the same sam-
ples was observed as follows: in November 2017 in Fray

Bentos RV and NoV GI; in November 2017 in Salto NoV
GI and GII; in September 2017 in Salto NoV GII and HAstV
(Fig. 2).

RVA was observed with a geometric mean concentration
of 1.3E+403 gc/L, NoV GI and GII presented a geometric
mean concentration of 2.8E+05 and 1.7E 404 gc/L, respec-
tively, and for HAstV the geometric mean concentration was
1.3E+04 gc/L (Fig. 2).

In order to perform the molecular characterization
of RVA, we analyzed VP4 and VP7 genes. For VP4, we
obtained 2 amplicons that corresponded to samples collected
in Salto in December 2017 (0Q603361) and January 2018
(0Q603362). Both samples were classified as genotype P[8]
by the Rotavirus Genotyping web-based tool (Maes et al.,
2009) and according to the phylogenetic analysis they were
closely related (SH-aLRT =95) to Argentinian and Brazil-
ian strains detected in 2006, 2008, and 2009 (Fig. 3). The
amplicons obtained for VP7 corresponded to samples col-
lected in Fray Bentos in September 2017 (0Q626714) and
November 2017 (0Q626713). These samples were classified
by the Rotavirus Genotyping web-based tool as G3 genotype
and according to the phylogenetic analysis they are closely
related to strains detected in Brazil and Peru in 2010, 2011
and 2014 (SH-aLRT =100) (Fig. 4).

The phylogenetic analysis of the emerging HAstV strains
revealed that strains collected in 2017 in August in Salto
(0Q513257) and September in Fray Bentos (0OQ603360)
were classified as Mamastrovirus 6 of the MLB1 group.
These strains were closely related to previously published
Uruguayan strains collected in Treinta y Tres and Melo in
2012 and 2013 (SH-aLRT =78) (Fig. 5).

The phylogenetic analysis of the NoV GI strains char-
acterized in this study showed that the isolates detected
belonged to genotypes G1.2 (n=1), GL.3 (n=2), GL.5 (n=2),
GIL.6 (n=1), and GL.7 (n=4). Our GI.2 strain from Bella
Unién sampled in 2017 (0Q414203) was closely related
(SH-aLLRT =99.9) to previously detected GI.2 strains sam-
pled in Brazil in the period 2015-2016. The GI.3 sample
collected from Salto in March 2017 (0Q324916) clustered
together with Brazilian strains from 2012 and 2015 and an
Uruguayan strain from Treinta y Tres collected in 2011 (SH-
aL.RT =87). The GI.3 sample collected in Salto in May 2017
(0Q421105) represents a second independent introduction
of this genotype to this city and was closely related (SH-
aLRT =83) to samples from Brazil collected in 2013, 2014,
and 2016. The GL.5 strains detected in January and Febru-
ary 2018 in Fray Bentos, grouped together (SH-aLRT =99),
probably representing a unique introduction of this geno-
type to this Uruguayan city. Additionally, the phylogenetic
analysis suggests that these GI.5 strains were more closely
related (SH-aLRT =92) to a GI.5 Brazilian strain from 2015
than to an Uruguayan GI.5 strain from Paysandu detected
in 2012. Similarly, the GI.6 strain collected in Fray Bentos
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Fig.2 Frequency and concen-
tration of RVA, NoV GI, NoV
GII, and HAstV in wastewater
samples monthly collected for
one year in Bella Union, Salto,
and Fray Bentos cities, Uruguay
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Fig. 3 Phylogenetic analysis of a partial region of the RVA VP4 gene
(630 bp) for P[8] genotype. The statistical support for each branch is
indicated by the SH-aLRT value. Samples sequenced in this study are

highlighted in red, while those from previous studies conducted in
Uruguay are shown in blue (Color figure online)
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Fig.5 Phylogenetic analysis of emerging HAstVs based on a partial
region of the RNA polymerase region (394 bp). The statistical sup-
port for each branch is indicated by the SH-aLRT value. Samples

in 2017 (0Q414241) was more closely related to a Brazil-
ian GI.6 strain collected in 2014 (SH-aLRT = 84) than to an
Uruguayan GI.6 strain from Treinta y Tres detected in 2013.
The four GI.7 strains from Salto and Fray Bentos collected
between October and December 2017 segregated in a highly
supported (SH-aLRT =99.5) monophyletic group, raising
the possibility of a single event of introduction probably
from Brazil with a subsequent regional dispersion (Fig. 6).

The phylogenetic analysis of the NoV GII strains char-
acterized in this study showed that the isolates detected
belonged to genotypes GII.4 (n=3), GIL.2 (n=5), GII.6
(n=3). The samples A732 from March 2017 Fray Ben-
tos (0Q357263), A759 September 2017 (0Q357900),
and A761 October 2017 (0OQ357880) both from Bella
Unidn, samples A758 collected from September 2017
(0Q357897) and A741 from May 2017 (0Q421437) from
Salto were classified as GII.2. Samples A732 and A741
were closely related to a strain observed in Chile 2016.
Samples A761, A758, and A759 were similar to Brazil-
ian strains from 2003. The Uruguayan strains observed in
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sequenced in this study are highlighted in red, while those from pre-
vious studies conducted in Uruguay are shown in blue (Color figure
online)

2011-2012, classified as GII.2 were not closely related
to the sequences obtained in this study. Samples A745
from June 2017 (OQ358122) and A766 (0Q358123)
from November 2017, both from Salto, and sample A754
(0Q421257) collected in August 2017 in Fray Bentos,
grouped together in GII.6 and were closely related to a
strain detected in Chile 2016. Concerning GII.4 strains,
samples A777 (0Q356350) from February 2018 (Salto)
and A778 (0Q503416) from the same date (Fray Bentos)
were similar and closely related with a strain described in
Chile 2018. The sample A771 (0Q356465) collected in
December 2017 in Bella Unién was closely related to a
strain isolated in Chile 2018. The Uruguayan GII.4 strains
isolated in 2017-2018 were classified as New Orleans
2009 and Sydney 2012 variants by the Norovirus geno-
typing tool. Similar to the results of the GII.2 Uruguayan
strains, the Uruguayan GII.4 strains isolated in 2011-2012
were divergent when compared with the Uruguayan strains
detected in 2017-2018. The SH-aLLRT support values were
> 80% for all the genotypes of NoV GII (Fig. 7).
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Fig.6 Phylogenetic analysis of a partial region of the VP1 gene
(291 bp) of NoV GI. The statistical support for each branch is indi-
cated by the SH-aLRT value. Samples sequenced in this study are

Discussion

In this study, a molecular characterization of three gastroen-
teric viruses, RVA, NoV, and HAstV was performed using
a WBE approach. In comparison to surveillance based on
clinical diagnostic testing, monitoring enteric viruses in a
WBE approach present a major advantage of comprehensive
population-based surveillance of circulating virus by captur-
ing persons who did not have diagnostic testing performed
during gastroenteritis as well as including patients with
asymptomatic infection (Lin et al., 2021). The objective of
this work was to obtain a snapshot of the circulating strains
in the population of three Uruguayan cities throughout a
year (2017-2018). Analyzing wastewater samples provides
an estimate of the epidemiology of viruses infecting the
populations served by the sanitation network and enables
the observation of gastroenteritis outbreaks caused by the
studied viruses. Unfortunately, no epidemiological informa-
tion from clinical samples was available in our country in
order to compare the presence of these viruses in wastewater
with gastroenteritis outbreaks in the population. Therefore,
it is not possible to know the significant impact of the strains
detected in wastewater on human health.

Considering the frequency and distribution of all the
untreated wastewater analyzed samples, the prevalence of
RVA was higher when compared with NoV GI, NoV GII,
and HAstV. Moreover, RVA was detected throughout the
year, indicating its continuous circulation in these areas

MH393585,
MT626025 Brazi_2018 517

T
1 wrioas67" Brazi. 2018 617

highlighted in red, while those from previous studies conducted in
Uruguay are shown in blue (Color figure online)

which discharge their wastewater into the Uruguay River.
These findings are consistent with the previous studies from
southern Brazil based on clinical samples, where RVA was
also detected year-round (Gutierrez et al., 2020). The ability
of rotaviruses to remain infectious in harsh environments and
wastewater treatment process may contribute to their preva-
lence as one of the most common enteric viruses (Tavakoli
Nick et al., 2020). However, despite these findings, previous
studies from Brazil, Uruguay, and Iran reported a marked
RVA seasonality during colder months in both environmen-
tal and clinical samples (Atabakhsh et al., 2020; Bortagaray
et al., 2019; Gutierrez et al., 2020). Further studies with
longer periods and higher frequency of sample collection
are necessary in order to confirm the absence of seasonality
as observed in this work.

Considering the distribution of NoV GI and GII through-
out the study period of this work in all the untreated waste-
water analyzed samples, no clear seasonality pattern was
observed. However, previous studies suggested that NoV
has greater incidence and persistence in cold environments
and its spread may be affected by environmental factors such
as relative humidity and latitude, as well as demographic
characteristics. In our study, although NoV GI and GII were
detected in both cold and warm seasons, the virus was more
frequently distributed during the warm season. This con-
trast with numerous clinical studies where NoV VAGE cases
and outbreaks tend to occur during winter or cooler months
(Eftim et al., 2017; Shamkhali Chenar & Deng, 2017; Farkas
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Fig.7 Phylogenetic analysis of a partial region (302 bp) of NoV GII
VP1 gene. The SH-aLRT support values were > 80% for all the geno-
types. Samples sequenced in this study are highlighted in red, while

et al., 2018; van Beek et al. 2018; Huang et al., 2022). Addi-
tionally, marked seasonality of NoV has been observed in
China where the majority of NoV disease peaks occur from
October to March during the cold season (Wei et al., 2021).
In our study, NoV and HAstV were also detected in all the
seasons throughout the year, without any significant season-
ality. In the literature there is no information about Astrovi-
rus seasonality in the environment.

It is important to highlight that the sample collection site
in Bella Union was a stream where the treated wastewater
was discharged, then, the reduced frequency of viral detec-
tion compared to the other sites was expected. Virus removal
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in wastewater by stabilization ponds treatment is highly vari-
able among several studies (reviewed in Verbyla & Mihel-
cic, 2015). This remotion combined with the possibility of
a lower viral recovery due to the high concentration of algae
(compared with untreated wastewater) could explain the low
viral frequency in this site.

Regarding the molecular characterization of RVA, we
found strains that clustered with genotypes P[8] and G3.
These genotypes have been previously reported in other
studies, with G3P[8] being the most prevalent in south-
ern Brazil and corresponding to an equine-like genotype
(Gutierrez et al., 2020). However, in our study, we did not
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observed a high genetic diversity in RVA strains, since
only one VP4 and one VP7 genotype were detected. This
limited diversity could be due to the small sample size
of our study, which included only 36 samples or maybe
because of the predominance of this two genotypes. It
has been observed that both the P[8] and G3 genotype
continue to circulate in our country (Tort et al., 2015a,
2015b). Unfortunately, several samples detected by qPCR
were not detected by nested PCR since the quantitative
approach presents a higher sensitivity (Zeng et al., 2008).

Our study found a higher frequency of NoV GII com-
pared to GI, which is in agreement with the previous stud-
ies based on clinical samples reporting a higher frequency
of gastroenteritis outbreaks caused by GII than GI (Mat-
thews et al., 2012; Parikh et al., 2020).

Regarding the molecular characterization of NoV GI,
we observed a high genetic variability detecting genotypes
GIL.2, GL.5, GI.6, GI.3, and GI.7. Specifically, we detected
GL5 in Fray Bentos during January and February 2018,
which suggests the occurrence of at least one outbreak in
this city during that period. Similarly, we observed the
circulation of GI.7 in Salto during October to December
2017. In contrast, the detection of NoV GII revealed the
presence of genotypes GII.2, GIL.5, GII.6, and GII.4, with
the predominance of GII.4, variants New Orleans 2009
and Sydney 2012, which is consistent with a study con-
ducted in Brazil (Hernandez et al., 2018). Several studies,
including Huang et al. (2022) reported the detection of
NoV GI.2, GI.5, and GI.3, with the more recent detection
of genotype GI.6 at a high frequency since 2014. In our
study, we also observed the presence of genotypes GI.2,
GI.5, GI.3, and GI.6, but with the additional detection
of genotype GI.7. For NoV GII, the frequently detected
genotypes include GIIL.4, GII.17, GIIL.2, GII.3, and GII.13,
while in our study we detected the presence of genotypes
GII.2, GIIL.5, GII.6, and GII.4, with the latter two being
detected in both studies. Since 2012, the GII.4 Sydney
2012 variant has been the most commonly detected strain
in wastewater and has been associated with VAGE out-
breaks worldwide. These findings are in agreement with
recent molecular epidemiological analyses of NoV over
the past 5 years (Zhou et al., 2020; Cannon et al., 2021;
Utsumi et al. 2021; Huang et al., 2022).

Comparing our study with a previous one performed by
our team in 2011-2012 in our country, it is observed that
NoV GI.8, GI.6, GI.5, and GI.7 were previously circulating
but they were not detected in the present study. NoV GI.3
continued circulating and GI.7 and GI.2 currently circulate
but were absent in 2011-2012. Regarding NoV GII, GIL.3,
GIIL.13, GII.17, and GII.1 no longer circulate compared to
the previously work. GII.4, GII.2, and GII.6 continue to cir-
culate while other genotypes were not detected (Lizasoain
et al., 2015; Victoria et al. 2016).

In addition, co-circulation of different NoV genotypes
within a defined human population during the same period
provides opportunities for genetic recombination between
strains (Wei et al., 2021). Our study detected the pres-
ence of both NoV GI and GII strains in the same sam-
ple collected in February 2018 and August 2017 in Fray
Bentos, as well as in May 2017 in Salto, suggesting the
co-circulation of these two genotypes in the same city at
the same time.

By analyzing the HAstV stains, we observed only
the presence of MLB1 genotype. In a previous study
performed in Uruguay the presence of MLB1 was also
observed (Lizasoain et al., 2015). On the other hand, in
a study with wastewater in Japan, MLB2, VA1, and VA2
genotypes were identified (Hata et al., 2015). Moreover,
in the United States, only types 1 and 2 MLB-AstVs were
identified from the wastewater samples collected, whereas
all known genotypes of MLB-AstVs (types 1-3) were
found from the samples collected in Nepal (Hata et al.,
2018). These findings suggest the wide distribution of until
recently called emergent HAstV.

Conclusions

Our study revealed the circulation of RVA, NoV GI, NoV
GII, and HAstV in wastewater reflecting their circulation
in the population served by the sewerage network present
in the analyzed cities. Only a single genotype for each
analyzed gene (VP4 and VP7) of RVA was observed. A
high genetic diversity was detected for NoV, with the co-
circulation of several genotypes in both Genogroup I and
Genogroup II. HAstV showed low variability, with only
one genotype detected. We observed that several genotypes
that were circulating in 2011-2012 were also present in
2017-2018 but others were only present in one of the ana-
lyzed period. It is important to highlight that, in a general
way, the strains detected in this study were more similar to
contemporary strains circulating in neighboring countries
than strains detected in our country in 2011-2012.
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