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Abstract
Cosaviruses (CoSV) and Saffold cardiovirus (SAFV) are novel members of the Picornaviridae family. The Matanza-Ria-
chuelo river basin covers a total area of 2200  km2 with approximately 60 km long. Its last section is called Riachuelo River. 
The aim of this study was to describe the circulation of both picornaviruses and their relationship with the environmental 
situation of the Riachuelo River using 274 samples collected from 2005 to 2015. CoSV and SAFV were investigated in sam-
ples available by two periods: 2005–2006 and 2014–2015 (103 and 101, respectively). Physicochemical and bacteriological 
parameters confirmed very high levels of human fecal contamination during the 11 years evaluated. CoSV was detected in 
85.7% (66/77) and 65.4% (17/26) of the samples collected in 2005–2006 and 2014–2015 periods, respectively. Species A 
and D were identified, the first one being widely predominant: 74.1% (20/27) and 75.0% (3/4) in both periods. SAFV virus 
was detected in 47.1% (32/68) and 52.6% (10/19) in periods 2005–2006 and 2014–2015, respectively. SAFV-6 was the most 
identified genotype in the entire study, while SAFV-3 was predominant in 2005–2006. The contribution of genotypes 1, 2, 4 
and 8 was minor. The high prevalence of CoSV and SAFV suggests that both viruses have been circulating in Argentina at 
least since 2005. Our results show that a watercourse with high rates of human fecal contamination can become a persistent 
source of new viruses which capacity to produce human diseases is unknown.
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Introduction

The family Picornaviridae is one of the most genetically 
diverse families of positive-sense single-stranded RNA 
viruses. Currently, it consists of 110 species grouped into 
47 genera being in continuous expansion (Zell et al. 2017). 
Seven genera cause a broad spectrum of diseases in humans 
in developed countries: Enterovirus, Parechovirus, Hepa-
tovirus, Kobuvirus, Salivirus, Cardiovirus and Cosavirus.

Cosaviruses (CoSV) were identified in 2008 in stool 
samples of children with acute flaccid paralysis (AFP) in 
Pakistan and Afghanistan (Kapoor et al. 2008b). They are 
classified into 5 species called: A, B, D, E and F. In addition, 
CoSV have been detected in 1.5–3.5% of patients with acute 
gastroenteritis in Thailand, China and Tunisia (Menage et al. 
2017; Yu et al. 2017; Ayouni et al. 2016). In the environ-
ment, CoSV was found in 25–71% of raw sewage samples 
collected in Italy, Japan and United States (Bonanno Fer-
raro et al. 2018; Haramoto and Otagiri 2014; Kitajima et al. 
2015).
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Cardioviruses are classified into six species called A-F 
(https ://talk.ictvo nline .org/). The species cardiovirus D 
includes the Saffold virus (SAFV) which affects humans 
(Zell et al. 2017). Partial sequencing of VP1 gene allowed its 
classification in 11 genotypes (SAFV1-11) (Tan et al. 2017). 
All SAFV types have been associated with gastroenteritis, 
often in co-infections with other known viral pathogens 
(Dapra et al. 2018; Li et al. 2017). Additionally, SAFV has 
been detected in 0.4% to 9.3% of children suffering from 
respiratory infections (Itagaki et al. 2018; Zhang et al. 2015; 
Lin et al. 2015). In Japan, SAFV was detected in 16.7% of 
the raw sewage samples collected between 2015 and 2016 
(Thongprachum et al. 2018). Another study conducted in the 
United States evidenced the presence of 43% of this virus in 
untreated sewage (Blinkova et al. 2009).

In South America, there are few reports describing the 
circulation of these picornaviruses. CoSV was detected in 
3.6% of Brazilian children with gastroenteritis and in 33.8% 
of their healthy control cases (Stocker et al. 2012). In Peru, 
SAFV-3 was identified in a child with diarrhea and res-
piratory illness (Leguia et al. 2015). In addition, in Brazil 
SAFV-2 was detected in 1.6% of stool samples (Drexler et al. 
2008). Finally, two studies report the simultaneous detection 
of both picornaviruses. In Bolivia, SAFV-1 was the most 
common type identified, followed by SAFV-2, SAFV-4, and 
SAFV-9 and a higher diversity of CoSV species was found 
in stool samples obtained from AFP cases (Nix et al. 2013). 
In Venezuela, metagenomics techniques identified complete 
genomes of SAFV-1, 2 and 9 and a recombinant CoSV E/D 
in feces from indigenous population (Siqueira et al. 2018).

The Matanza Riachuelo River Basin (CMR) covers a total 
area of 2200  km2, its length being approximately 60 km. It 
includes a large area within the Autonomous City of Buenos 
Aires and 14 municipalities of the province of Buenos Aires. 
The Matanza River lowest section is called Riachuelo. Its 
length is 15 km (ACUMAR 2018). Since 2001, Prefectura 
Naval Argentina, (PNA), the Argentine Coast Guard, has 
been periodically monitoring the environmental quality 
by measuring physicochemical and bacteriological param-
eters. The results show a high level of human and animal 
contamination that exceeds the allowed values for recrea-
tional waters or those recommend for protection of biota. 
Additionally, virological studies conducted between 2005 
and 2006 showed a high prevalence of enterovirus (Cisterna 
et al. 2008), norovirus (Fernandez et al. 2012) and hepati-
tis A virus (Blanco Fernandez et al. 2012). In the present 
study, we describe the detection and circulation of these new 
picornaviruses in the Riachuelo River and their relation to 
environmental conditions.

Materials and Methods

Research Area

Data from the 2010 census showed that more than 8 million 
people live in CMR (https ://www.indec .gob.ar/). It is the 
most urbanized and industrialized area of Argentina, with a 
high population density. At La Noria Bridge, the Matanza 
River changes its name to Riachuelo. The main causes of 
pollution are industrial and residential discharges. The 
sediments of the river are contaminated with high levels of 
heavy metals and toxic organic compounds (https ://www.
bdh.acuma r.gov.ar/bdh3/index _conte nido.php). The main 
tributary of the Riachuelo River is the Cildañez stream.

Environmental Samples

Since 2001, PNA has periodically and systematically sam-
pled the Riachuelo Riverin four points: Pueyrredón bridge 
(PUE), Uriburu bridge (URI), Cildañez stream (CIL) and La 
Noria bridge (LNR) (Fig. 1). The physicochemical and bac-
teriological data from 274 water samples obtained between 
2005 and 2015 were used to assess its environmental situa-
tion. Two variables associated with human fecal contamina-
tion (ammonia, and thermo-tolerant coliform count, TtC) 
and one that contributes to viral persistence (chemical 
oxygen demand, COD) were selected (Pinon and Vialette 
2018). One liter of river water was collected in the morning 
at 50 cm depth in a sterile container to avoid contamination. 
The samples were stored at 4 °C and immediately trans-
ported to the laboratory for processing.

To investigate the presence of CoSV, 26 samples were 
used, collected between 2014 and 2015 during the monitor-
ing activity. Furthermore, a retrospective investigation of 
this virus was carried out on 77 samples taken between 2005 
and 2006. Cardiovirus was investigated, using 25 and 76 
samples available in each studied period, respectively. Addi-
tionally, the presence of enteroviruses (EV) was investigated 
as a viral indicator of human fecal contamination using a 
total of 112 samples.

Sample Processing

Viruses were concentrated by viral adsorption-elution to a 
negatively charged membrane following Standard Methods 
with minor modifications (APHA et al. 2017). Briefly, the 
pH and the  MgCl2 level of one liter of water were adjusted 
to pH 3.5 and 0.01 N  MgCl2 by adding 1.0 N HCl and 5.0 N 
 MgCl2 solutions. Each sample was then filtered through a 
negatively charged 0.8 µm pore-sized nitrocellulose filter 
(47 mm in diameter, Millipore Corporation, Bedford, Mass.) 

https://talk.ictvonline.org/
https://www.indec.gob.ar/
https://www.bdh.acumar.gov.ar/bdh3/index_contenido.php
https://www.bdh.acumar.gov.ar/bdh3/index_contenido.php
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at a rate not exceeding 30 ml/min/cm2, washed with 0.14 N 
NaCl and eluted with 0.05 N glycine-OHNa buffer (pH 
11.5). The concentrates were stored in aliquots at − 80 °C. 
The NucliSens extraction kit (BioMerieux, France) was used 
for extraction and purification of nucleic acid according to 
the manufacturer’s instructions. The eluted RNA (100 µl) 
was aliquoted and stored at − 80 °C until molecular analysis.

Virus Detection and Typing

Cardioviruses and cosaviruses were tested by genus-specific 
Taqman real-time RT-PCR assays (RT-qPCR) targeting the 
5′ non-translated region (5′NTR) as previously described 
(Nix et al. 2013). The cardiovirus assay detects all Cardio-
virus B and D, with the exception of genet fecal theilovirus. 
Detection and further genotyping of SAFV virus was per-
formed in positive samples for cardiovirus test using a nested 
RT-PCR assay (nRT-PCR) targeting a portion of the genome 
encoding the VP1 capsid protein as previously described 
(Itagaki et al. 2011). Species identification of CoSV was car-
ried out using a nRT-PCR as described by Kapoor (Kapoor 
et al. 2008a). EV RNA was detected using RT-qPCR pre-
viously described (Selvaraju et al. 2013). Amplicon PCR 
fragments were purified using the enzyme ExoSAP-IT® 
(Applied Biosystems), following manufacturer’s instruc-
tions. Subsequently, both sense and antisense sequences 
were read using the  BigDye® Terminator Cycle Sequencing 
v3.1 reagent (Applied Biosystems). Post sequencing puri-
fication was performed with the  BigDye® X-Terminator™ 

commercial kit (Applied Biosystems) sequenced in an 
ABI3500 Genetic Analyzer (Hitachi, Applied Biosys-
tems) automatic sequencer. Virus sequences were aligned 
with the Clustal W multiple alignment application using 
BioEdit v.7.1.9 sequence alignment editor program (Hall 
1999). Identification of SAFV genotype or CoSV species 
was performed by phylogenetic analysis including repre-
sentative sequences with their corresponding GenBank 
accession number. Phylogenetic trees were inferred using 
the Maximum Likelihood method based on the Tamura-
3-parameter nucleotide substitution model with a discrete 
gamma distribution using MEGA6 Package (Tamura et al. 
2013). Bootstrap values were calculated from 1000 repli-
cates. The nucleotide sequences described herein have been 
deposited in the GenBank sequence database, accession No 
MT 211907-MT 211948 and MT 228084-MT 228114.

Statistical Analysis

We used Microsoft Excel descriptive tools. Data were ana-
lyzed using IBM SPSS Statistics for Windows, version 20 
(IBM Corp., Armonk, N.Y., USA). Variability of the TtC, 
COD and ammonia parameters in relation to the place 
and year of collection was studied by analysis of variance 
(ANOVA) using data collected between 2005 and 2015. 
Differences in the values of the environmental variables 
between the considered periods (2004–2005 and 2014–2015) 
was studied by T Test and difference in the prevalence for the 
studied viruses was studied using chi square or Fisher test. 

Fig. 1  A. Hydrographic network of the Matanza-Riachuelo Basin. B. Sampling sites on the Riachuelo River. Both figures were built using 
Google Earth and resources available in ACUMAR (https ://mapas .acuma r.gov.ar/datos /)

https://mapas.acumar.gov.ar/datos/
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Furthermore, the association between the study viruses and 
the environmental variables collected in both periods were 
studied using binary logistic regression. In all cases, p values 
less than 0.05 were considered statistically significant.

Results

Four collection sites were used to assess the environmental 
quality of the Riachuelo River. There were no statistically 
significant differences for ammonia, COD and logTtC con-
centrations between the sampling sites analyzed (p = 0.598, 
0.765 and 0.653, respectively). However, we observe a high 
variability for these three variables between the sampling 
years (p = 0.000). Nonetheless, 227 (92.7%) of the 245 
ammonia measurements exceeded the recommended values 
of < 0.6 mg/L. Besides, 242 (97.2%) of the 249 COD val-
ues were higher than expected values of < 30 mg/L in sur-
face waters (ACUMAR 2019). All logTtC values (n = 235) 
exceed the recreational water use accepted values (≥ 2 × 102 
NMP/100 ml; 2.3 log NMP/100 mL) (MSAL 2017) (Figure 
S1).

The comparison between the mean values of the envi-
ronmental variables between 2005–2006 and 2014–2015 
showed a decrease in the logTtC: 0.99 log NMP/100 mL 
95% CI (0.62, 1.37), p = 0.000 and in the ammonia con-
centration: 5.59 mg/L 95% CI (3.37, 7.81), p = 0.000. Con-
versely, the difference between the average values of COD in 
both periods was not significant: 4.31 mg/L; 95% CI (− 6.33, 
14.96), p = 0.487 (Fig. 2a–c). Finally, human enterovirus was 
detected in 83 of 86 (96.5%) and in 19 of 26 (73.1%) samples 
in both periods.

Cardiovirus was detected in 68 out of the 76 (89.5%) 
samples and in 19 out of the 25 (76.0%) samples obtained 
in 2005–2006 and 2014–2015, respectively, p = 0.099 
(Table 1). Saffold virus was identified in 32 of 68 (47.1%) 
and 10 of 19 (52.6%) of the total positive samples in car-
diovirus assay, p = 0.067. SAFV-6 was the most identified 
virus throughout the study while SAFV-3 was predominant 
in 2005–2006. Genotypes 1, 2, 4, and 8 were found in minor-
ity proportion (Fig. 3). CoSV were detected in 66 of 77 sam-
ples (85.7%) and in 17 of 26 samples (65.4%) collected in 
both periods, p = 0.028 (Table 1). CoSV species were iden-
tified in 27 of 76 (40.9%) and 4 of 25 (23.5%) of the total 
virus detected showing the presence of two species A and D 
(Fig. 4). Species A was widely predominant, accounting for 
74.1% and 75.0% in both periods.  

Considering the environmental variables such as ammo-
nia, COD and TtC concentrations and EV prevalence, we 
observed that cardiovirus were associated with the presence 
of EV and high values of TtC while CoSV showed asso-
ciation only with enteroviruses. SAFV prevalence was not 
associated to any of the study variables (Table 2).

Discussion

The Riachuelo River has a long history of human contamina-
tion, which suggested that it was a suitable place to find new 
picornaviruses. Analysis of these variables confirmed high 

Fig. 2  Box plot showing the comparison between the environmental 
parameters average values between 2005–2006 and 2014–2015. a 
Ammonia, b COD, c TtC. The dotted line indicates the suggested or 
allowed values for each environmental variable. TtC thermotolerant 
coliforms count, COD chemical oxygen demand
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pollution levels in the river throughout the period under con-
sideration. These results coincide with the multidimensional 
evaluation of the quality of surface water by Authority of the 
Matanza-Riachuelo Basin (ACUMAR), through the surface 
water quality index (ICA-Sup). This index (quantified from 0 
to 100; very good–very poor) synthesizes 12 physicochemi-
cal and biological parameters. Between 2015 and 2016, the 
ICA-Sup showed values between 18.7 and 22.2 which shows 
a very poor average quality (https ://www.acuma r.gob.ar/
indic adore s/indic e-calid ad-agua-super ficia l-ica-sup).

Since 2005, PNA uses four sampling points for its envi-
ronmental assessment. Our results shown that there were no 
significant differences between the four sampling sites. This 
is probably due to its short length and because it is rectified 
in its last section. This anthropic intervention of the river 
banks, a characteristic of urban aquatic ecosystems, implies 
a decrease in its flow, erosion of its margins and loss of 
riverine vegetation, which avoid the self-purification pro-
cesses of the river and determine a reduction in the richness 
of biota and high concentrations of pollutants and bacteria 
(Booth et al. 2015).

Several authors have explored the integration of bacterial 
and viral indicators to improve water quality. Our results 
indicate a correlation between enteroviruses and coliforms 
and the presence of cardioviruses and cosaviruses. How-
ever, these results should be interpreted with caution since 
it would be necessary to carry out other studies expanding 
the number of samples, using methods that allow viral quan-
tification and detecting other viral genetic markers such as 
adenovirus or norovirus to reach more sustainable conclu-
sions (Marion et al. 2014; Texeira et al. 2020).

Since the creation of ACUMAR in 2008, real progress 
has been made that improves the environmental condition 
of the Riachuelo River. Several activities were carried out, 

such as the removal of vehicles, old docks and the remains 
of ships. In addition, 12,000 stalls were relocated on the 
banks of the river (ACUMAR 2018). The reduction noted 
in the parameters associated with human contamination, 
including the prevalence of enteroviruses, between the two 
periods under analysis could relate to the above mentioned 
improvement actions. Nevertheless, the investigation of new 
picornaviruses evidenced discordant results. CoSV showed a 
reduction in the second period while SAFV did not present 
the same variation. These differences could stem from the 
dissimilar technical strategies used for the investigation of 
each virus. CoSV detection was performed by RT-qPCR. As 
mentioned by other authors, this technique is less susceptible 
to the usual inhibition phenomena present in environmen-
tal samples than nested PCR assays like the one used for 
SAFV detection (Uchii et al. 2019). An additional contri-
bution to this disagreement could be related to cardiovirus 
assay, which also detects animal cardioviruses and could 
have influenced its detection rate. In fact, the sequencing of 
the RT-qPCR product suggested the presence of Theiler’s 
Murine Encephalomyelitis Virus (TMEV) in some sam-
ples using NCBI BLAST (data not shown). More thorough 
studies should be carried out to understand the relationship 
between the Riachuelo River environmental parameters and 
enteric viruses.

The detection rate of the Saffold virus found in our study 
was similar to the range reported (35.7–43%) by other 
authors in samples of river or sewage discharge (Aminipour 
et al. 2020). Furthermore, a great diversity of SAFV was 
found in Riachuelo River, including six different genotypes. 
The time frame analyzed revealed co-circulation of multiple 
SAFV genotypes similar to that described in enteroviruses 
epidemiology. SAFV-2 and SAFV-3 represented 40% of the 
identified genotypes. Both have been associated in numerous 
studies with upper respiratory disease in children, therefore 
they should be included in the differential diagnoses (Itagaki 
et al. 2018; Lindner et al. 2019). Additionally, SAFV-6 was 
predominantly identified in 2014–2015. Interestingly, the 
same genotype emerged in 2016 in Thailand, although its 
health impact is unknown (Menage et al. 2017).

Most of the environmental studies that refer to the 
detection of CoSV have been carried out in sewage or 
treatment plants. The reported detection range is extremely 
diverse (16.2–71%) depending on the molecular technique 
used (Bonanno Ferraro et al. 2018; Kitajima et al. 2015; 
Haramoto and Otagiri 2014). In our study, the RT-qPCR 
assay showed the highest values (65.4–85.7%) unlike 
nested PCR, that needs to amplify longer fragments to 
genotype, which can result in lower sensitivity (Beyer 
et al. 2020). A high proportion of the cosaviruses identi-
fied in Riachuelo River were identified as species A resem-
bling that reported worldwide (Kitajima et al. 2015). In 
South America, CoSVs identified in stool samples have 

Table 1  Molecular detection and typing of picornavirus in Riachuelo 
River, Argentina

SAFV Saffold virus, CoSV cosavirus, EV enterovirus

Virus 2005–2006 2014–2015 Total

Cardiovirus B 68/76 (89.5%) 19/25 (76.0%) 87/101 (86.1%)
SAFV 32/68 (47.1%) 10/19 (52.6%) 42/87 (48.3%)
SAFV-1 2/32 (6.3%) 0/10 (0.0%) 2/42 (4.8%)
SAFV-2 1/32 (3.1%) 2/10 (20.0%) 3/42 (7.1%)
SAFV-3 14/32 (43.8%) 0/10 (0.0%) 14/42 (33.3%)
SAFV-4 1/32 (3.1%) 0/10 (0.0%) 1/42 (2.4%)
SAFV-6 13/32 (40.6%) 8/10 (80.0%) 21/42 (50.0%)
SAFV-8 1/32 (3.1%) 0/10 (0.0%) 1/42 (2.4%)
CoSV 66/77 (85.7%) 17/26 (65.4%) 83/103 (80.6%)
CoSV-A 20/27 (74.1%) 3/4 (75.0%) 23/31 (74.2%)
CoSV-D 7/27 (25.9%) 1/4 (25.0%) 8/31 (25.8%)
EV 83/86 (96.5%) 19/26 (73.1%) 102/112 (91.1%)

https://www.acumar.gob.ar/indicadores/indice-calidad-agua-superficial-ica-sup
https://www.acumar.gob.ar/indicadores/indice-calidad-agua-superficial-ica-sup
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Fig. 3  Phylogenetic tree of 
SAFV detected in Riachuelo 
River, partial VP1 region (267 
nt). This study’s strains are 
shown in blue. SAFV genotypes 
are shown in bold (Color figure 
online)
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Fig. 4  Phylogenetic tree of 
CoSV detected in Riachuelo 
River, 5′ UTR region (279 nt). 
This study’s strains are shown 
in blue. HCoSV species are 
shown in bold (Color figure 
online)
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been widely diverse, suggesting that their prevalence is 
highly variable geographically and temporally resulting 
in a more complex epidemiology (da Costa et al. 2018; 
Siqueira et al. 2018). Other studies involving a larger geo-
graphical representation should be carried out to identify 
viral circulation patterns in our country.

One of the limitations of our study is that we have 
not included a control of the viral concentration and/or 
inhibition process of the PCR assays. Although, the high 
detection rate of EV would suggest that there was no inter-
ference in the viral investigation, process controls such 
as bacteriophage PP7 or mengovirus (Poma et al. 2013; 
Londone-Bailon and Sanchez-Robinet 2018), should be 
included to determine precise values of prevalence of these 
new picornaviruses.

According to our results, it is clear that a river exhibit-
ing high rates of human fecal contamination can become a 
source of persistent detection of new viruses with unknown 
capability to produce human diseases. High prevalence of 
CoSV and SAFV suggests that both have been circulating in 
the population at least since 2005 in Argentina. Further stud-
ies should be carried out to characterize their spread, diver-
sity and clinical importance in the South American Region.
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