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Abstract
Information about Human Enterovirus circulation in Uruguay is scarce. The aim of this study was to generate the first 
description about their circulation in the country through the study of sewage samples collected before and after the switch 
from Oral Poliovirus Vaccine to Inactivated Poliovirus Vaccine. Viruses were concentrated by an adsorption–elution to a 
negatively charged membrane, and real-time quantitative PCR and qualitative PCR methods were used to detect, quantify, 
and characterize enteroviruses. Positive samples were inoculated in RD cells and two passages were performed. Addition-
ally, RD+ samples were subsequently passed onto L20B cells. Human Enteroviruses were detected in 67.6% of the samples, 
with concentrations between 4.9 and 6.6 Log10 genomic copies per liter. 10% of positive samples replicated in RD cells, of 
which none in L20B cells. Molecular characterization of Human Enterovirus strains directly detected from sewage sample 
concentrates allowed the identification of highly divergent members of species C such as Enterovirus C99 and Coxsacki-
evirus A13, as well as the frequent detection of species A and B members (particularly Coxsackievirus A16 and Echovirus 
6, respectively). Other detected types were Coxsackievirus A2, A22, B1, B5, Echovirus 5, and 9. The characterization of 
viruses isolated in cell culture revealed the presence of Echovirus 6 and Coxsackievirus B3. Despite the absence of polio-
virus, a wide circulation of different enterovirus types was evidenced in Uruguayan sewage samples, highlighting that the 
local populations are exposed to different kinds of diseases originated by several human enterovirus.
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Introduction

Human Enteroviruses (HEVs) are classified into four viral 
species (HEV-A to HEV-D) inside the genus Enterovirus, 
Picornaviridae family (Knowles et al. 2011). The virions are 
non-enveloped, with an icosahedral symmetry of approxi-
mately 30 nm of diameter, containing a single-stranded 
positive-sense RNA genome about 7.5 kb in length with 5′ 
and 3′ Non-Coding Regions (NCRs) flanking a unique Open 

Reading Frame (ORF). A single polyprotein is translated 
from the ORF, followed by proteolytic cleavages generating 
capsid (VP1–VP4) and non-structural (2A–2C, and 3A–3D) 
proteins such as protease and RNA-dependent RNA poly-
merase (Pallansch et al. 2013).

While HEVs usually cause silent or subclinical infections 
(Witsø et al. 2007), they are associated with a wide spec-
trum of clinical manifestations. HEVs could be responsible 
from a common cold or minor febrile illness to severe dis-
eases as hand foot and mouth (HFM) disease, acute hemor-
rhagic conjunctivitis, acute myocarditis, aseptic meningitis, 
encephalitis, cardiac disease, severe neonatal sepsis-like dis-
ease, or acute flaccid paralysis (AFP) (Blondel et al. 2005; 
Muehlenbachs et al. 2015). The ratio of number of diseases 
cases to number of infections depends on the HEV serotype 
(Nathanson and Kew 2010) and reported cases of infection 
represent a small proportion of infected people in a com-
munity (Hovi et al. 1986).
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HEV classification was initially based on antigenicity, 
biological activity, and disease, grouping them into Cox-
sackievirus A (CVA), Coxsackievirus B (CVB), Poliovirus 
(PV), and Echovirus (E). Nevertheless this scheme collapsed 
when new emerging viruses with different serological char-
acteristics to those already described were discovered, and 
as a consequence they were numbered starting from EV68 
(Pallansch et al. 2013).

Afterwards, the molecular typing overcame the difficul-
ties of the EV typing old scheme and helped to establish a 
new classification system. In fact, nucleotide sequence of 
VP1 coding segment correlates well with enterovirus sero-
type and members of the same serotype usually share more 
than 75% identity at nucleotide level (85% at amino acid 
level) in this region of the genome (Oberste et al. 1999; 
Oberste and Pallansch 2005). Up to date it has been identi-
fied 3 PV, 21 CVA, 6 CVB, 28 E, and 48 numbered EV types 
(The Pirbright Institute 2018).

Since HEVs replicate in the gastrointestinal tract and are 
shed in huge concentrations in feces from both asympto-
matic and symptomatic individuals, the fecal–oral route is 
the main route of transmission (Hovi et al. 2012). This leads 
to human feces from sewage being the major source of HEVs 
in the environment, spreading to other environmental water 
matrixes like lakes, rivers, or seas (Connell et al. 2012; All-
mann et al. 2013; Prevost et al. 2015).

Nevertheless, structural stability of HEVs in the environ-
ment allows the study of sewage samples with the aim to 
describe the epidemiology of them in the human population, 
which excretes feces to sanitary sewer network (Global Polio 
Eradication Initiative 2015).

Environmental surveillance is an effective approach 
investigating circulation of HEVs in several communities 
(Wieczorek et al. 2011; Battistone et al. 2014; Tao et al. 
2016; Farías et al. 2018) and provides supplementary infor-
mation when clinical cases reports are absent or are carried 
out under poor-quality standards. Several countries, both for 
early detection of wild PV (WPV) introduction and trans-
mission as well as for detection of vaccine-derived neuro-
virulent polioviruses (VDPVs) that emerge following the 
use of Oral Poliovirus Vaccine (OPVs), implemented this 
approach.

In Uruguay, the available information about the circula-
tion of HEVs in the population is scarce and proceed from 
the study of meningitis and encephalitis of viral origin as 
well as the AFP, which constitute notifiable diseases to the 
public health authorities (Uruguayan Government 2012). 
Uruguay reported the last case with isolation of WPV in 
1978 and certified the elimination of paralysis cases due the 
virus in 1994, jointly with the Americas (de Quadros et al. 
1997). Since then, Uruguay never registered cases of paraly-
sis by VDPVs, despite the utilization of the trivalent OPV up 
to May 2012, when the attenuated vaccine was completely 

replaced by the Inactivated Poliovirus Vaccine (IPV) in the 
National Calendar of Vaccination.

Beyond meningitis, encephalitis, and acute flaccid paraly-
sis, and up to our best knowledge, Uruguay lacks a HEV 
surveillance system and the etiological agent of most afore-
mentioned diseases remains unknown.

This work attempts to generate a base line of informa-
tion about the HEV circulation in Uruguay, conducting a 
retrospective study of sewage samples collected in different 
cities, mainly during the OPV vaccination period.

Methods

Environmental Samples

This is a retrospective study of two sets of environmental 
samples (42 ml each) collected in Uruguay between 2011 
and 2013. Set One was composed of 96 sewage grab samples 
obtained bi-weekly between March 2011 and February 2012 
from four cities located at the western region of the country 
(Bella Unión [BU], Salto [SA], Paysandú [PY], and Fray 
Bentos [FB] cities). In Bella Unión, samples were collected 
downstream of a stabilization pond, while in the other cities 
untreated sewage was collected. Set Two was composed of 
20 composite sewage samples (24 h) collected bi-monthly 
between September 2011 and April 2013 from the influent 
of two sewage treatment plants located in two cities from the 
eastern region of the country: Melo (ME) and Treinta y Tres 
(TT). For Set One, samples from each month and each city 
were pooled reducing the 96 initial samples to 48 samples 
of 84 ml each. Samples were stored at − 20 °C from the col-
lection data until the virological analysis.

Internal Process Control

Before viral concentration, 4.80 × 109 genomic copies of a 
PP7 bacteriophage were inoculated in each sample as an 
Internal Process Control (IPC) (Rajal et al. 2007).

Viral Concentration

Viral particles were concentrated using a protocol of adsorp-
tion/elution to a negatively charged membrane described by 
Katayama et al. (2002) with modifications (Haramoto et al. 
2009). Briefly, MgCl2 was added to the sample to a final 
concentration of 25 mM before filtering through a type HA 
negatively charged membrane with a diameter of 47 mm and 
a pore size 0.45 µm. The membrane was rinsed with 200 ml 
of 0.5 mM H2SO4 (pH 3.0) and placed into a petri dish 
where the elution of viruses was performed by stirring with 
4 ml of 1 mM NaOH (pH 10.8) for 10 min. To neutralize 
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the solution, 40 µl of 50 mM H2SO4 and 40 µl of 100X TE 
Buffer (pH 8.00) were added.

The concentrated sample was centrifuged for 20 min at 
4000×g to clarify, and the supernatant was stored at − 20 °C 
for further analysis.

RNA Extraction and cDNA Synthesis

The RNA extraction was performed from 200 µl of viral con-
centrate using the QIAamp cador Pathogen Mini Kit (Qia-
gen) according to the manufacturer’s instructions to obtain 
60 µl of RNA extracted solution. cDNA synthesis with ran-
dom hexamers (Thermo Fisher Scientific) and gene-specific 
primers were carried out, depending on the PCR protocols 
requirements, from 10 µl of extracted RNA using the Rever-
tAid Reverse Transcriptase (Thermo Fisher Scientific).

For gene-specific cDNA synthesis, primers AN32, AN33, 
AN34, and AN35 (Nix et al. 2006) were used at a final con-
centration of 0.4 µM each and dNTPs were used in a con-
centration of 1000 µM each. Random hexamers at a final 
concentration of 2.0 ng/µl were used for random cDNA 
synthesis.

Real‑Time PCR for the IPC and for Human 
Enteroviruses

Real-time PCRs were carried out with TaqMan technology 
and reactions were performed in duplicated with 2X Sensi 
Fast Probe No Rox Kit (Bioline Reagents) in a Rotor-Gene Q 
instrument (Qiagen) following manufacturer’s instructions.

The PP7 genomic detection was performed with 247F and 
320R primers towards the helicase coding segment (Rajal 
et al. 2007).

Quantification of HEVs was achieved using rRT-R and 
rRT-F primers (Oberste et al. 2010) towards the 5′ NCR 
region of the enterovirus genome with a standard curve per-
formed with serial dilutions (106–100) of a plasmid contain-
ing the fragment of the expected size as an insert.

Each reaction of PP7 detection and HEV quantification 
was performed from five microliters of random cDNA.

Human Enterovirus Molecular Characterization

The HEV molecular characterization was carried out by 
a qualitative PCR towards the VP1 capsid protein coding 
segment with the pair of primers 222/224 and AN88/AN89 
described by Nix et al. (2006) in the first- and second-round 
PCRs, respectively. First-round PCR reaction was performed 
from 5.0 µl of gene-specific cDNA, and second-round PCR 
reaction was performed from 2.0 µl of first-round PCR prod-
uct, with 2X Mango Mix (Bioline Reagents) following the 
manufacturer’s instructions.

Second-round PCR products were resolved in a 2% aga-
rose gel electrophoresis and the expected size amplicons 
(~ 350 bp) were excised from the gel and purified with the 
Quick Gel Extraction and PCR Purification Combo Kit 
(Invitrogen™). Macrogen Inc. (Korea) performed DNA 
sequencing with primers AN88 and AN89. Sequences 
were curated with BioEdit Sequence Alignment Editor 
(Hall 1999) and aligned with Clustal W tool with reference 
sequences and sequences reported elsewhere retrieved 
from the GenBank database in Mega 6.0 software (Tamura 
et al. 2013).

Phylogenetic analyses were performed with Mega 6.0 
software using the Neighbor-Joining method and Kimura 
two-parameter model (Tamura et al. 2013). As a measure 
of robustness of each node, the bootstrap method with 
1,000 pseudo replicates was used. The sequences obtained 
in this study were submitted to the GenBank database 
with the accession numbers MF093652–MF093682 and 
MF537000–MF537003.

Human Enterovirus Isolation by Cell Culture

In order to know the viability of the detected viral parti-
cles, viral concentrates corresponding to positive samples 
were assayed in cell culture, performing the infection of 
RD (human rhabdomyosarcoma) cells. Each inoculum was 
vortexed with chloroform (1:1 v/v) by 2 min followed by 
a centrifugation step at 4000×g for 10 min. 0.3 ml of the 
upper phase was inoculated onto 25 cm2 flask with 80% 
confluent RD cell monolayer. After 5 days of incubation 
(36 °C, 5% CO2) and daily observation, second passages 
were performed. Those HEVs which replicate in RD cells 
were subsequently passed (two passages) onto L20B cells 
(mouse fibroblast cells that express the human poliovirus 
receptor) in order to allow the isolation of possible PV pre-
sent in the sample.

RD (NIBSC Accession Number 081003) and L20B 
(NIBSC Accession Number 081102) cell lines were pro-
vided by the WHO Global Polio Laboratory Network 
(GPLN). Cell culture procedures were performed accord-
ing to WHO guidelines (World Health Organization 2004).

Molecular Characterization of Human Enterovirus 
Isolates

One hundred and forty microliters of supernatant (after three 
cycles of freezing/thawing) of samples showing cytopathic 
effect were subject to RNA extraction with QiAmp Viral 
RNA Kit (Qiagen). The molecular characterization of iso-
lates was performed following the protocol designed by Nix 
et al. (2006) as described above.
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Results

Human Enterovirus Detection and Quantification

The IPC was detected in all samples through a TaqMan real-
time PCR assay.

HEVs were detected in 42 samples (61.8%), of which 
four samples (9.52%) were determined as positive by qPCR 
towards 5′ NCR segment, 11 samples (26.2%) by qualitative 
PCR towards VP1 coding segment, and 27 (64.3%) were 
determined as positive by both methods.

Viral concentration ranged between 4.9 and 6.6 Log10 
genomic copies per liter (Log10 gcl−1) presenting average 

values of 5.3 in Treinta y Tres, 5.5 in Fray Bentos, 5.6 in 
Salto, 5.8 in Melo, and 6.0 in Paysandú. In Bella Unión, 
three samples were positive by qualitative PCR, although 
none of them was positive by qPCR (Fig. 1).

Human Enterovirus Isolation in Cell Culture

All the positive samples (n = 42) were assayed in cell culture. 
HEVs were isolated in RD cells in four (~ 10%) samples 
from Salto (March 2011), Treinta y Tres (November 2011), 
Paysandú (February 2012), and Melo (April 2012). None of 
these four samples presented characteristic cytopathic effect 
of poliovirus in L20B cells.

Fig. 1   Presence and concentra-
tion of Human Enteroviruses 
in sewage samples collected in 
cities from the western (a) and 
eastern (b) regions of Uruguay 
between March 2011 and April 
2013. BU Bella Unión, SA 
Salto, PY Paysandú, FB Fray 
Bentos, ME Melo, and TT 
Treinta y Tres. Thick squares 
in the grid indicate samples in 
which Human Enteroviruses 
were detected by qualitative 
PCR towards VP1 segment (Nix 
et al. 2006). Values of concen-
tration are expressed as Log10 of 
genomic copies per liter and are 
result of a qPCR towards the 5′ 
NCR in the enterovirus genome 
(Oberste et al. 2010)
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Sequencing and Phylogenetic Analysis

Sequences were obtained from 31 strains out of 42 qualita-
tive PCR-positive samples and from the four strains isolated 
in RD cells, and were used in phylogenetic reconstructions.

As Fig. 2 shows, 11 strains were identified as belonging to 
HEV-A, 20 strains to HEV-B, and 4 strains to HEV-C, while 
HEV species D was not detected.

Regarding HEV-A (Fig. 2a), CVA2 and CVA16 were 
detected in three and eight samples, respectively. CVA16 
Uruguayan strains clustered all together with a bootstrap 
support of 92% and a high degree of similarity among them 
(Table 1). On the other hand, CVA2 Uruguayan strains clus-
tered into two distinct groups (~ 70% bootstrap support) with 
up to 15% of divergence at nucleotide level among them and 

with strains reported elsewhere (Table 1). The 20 strains of 
HEV-B (Fig. 2b) correspond to CVB1 (two strains), CVB3 
(one strain), CVB5 (three strains), E6 (11 strains), E5 (two 
strains), and E9 (one strain) types. CVB5 and E6 Uruguayan 
strains were the most divergent HEV-B types and strains of 
each type clustered in two distinct groups. An Uruguayan 
CVB5 strain (MF093668) clustered outside of the other Uru-
guayan CVB5 strains (100% bootstrap support) presenting 
up to 8.6 and 3.9% of nucleotide and amino acid diversity 
with them (Table 1). The divergence among the Uruguayan 
E6 strains reached values up to 4.8 and 2.9% at nucleotide 
and amino acid level, respectively, and clustered into two 
distinct groups (100% bootstrap support). The most numer-
ous group also contain E6 strains reported in 2009–2011 in 
Finland, Denmark, and Netherlands.

Fig. 2   Phylogenetic analysis of Human Enterovirus strains detected 
in Uruguayan sewage samples based on partial sequences of the VP1 
coding segment. Phylogenetic trees for Human Enterovirus species 
A, B, and C are shown in a–c, respectively. Black circles or squares 
represent Uruguayan strains when characterized directly from sewage 

or from an isolate, respectively. The GenBank accession number fol-
lowed by the three-letter country code (ISO 3166-1 standard) and the 
year of detection is used to indicate strains reported elsewhere. Refer-
ence strains are in bold. Only bootstrap values higher than 70% are 
shown. The bars at the bottom denote genetic distance
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The strains characterized as HEV-C were CVA22 (two 
strains), CVA13 and EVC99 (one strain each) (Fig. 2c). 
The Uruguayan CVA22 strains were up to 6.2 and 2.9% 
divergent at nucleotide and aminoacid level, respectively, 
with CVA22 strains reported elsewhere (Table 1). On the 
other hand, the Uruguayan CVA13 strain was up to 22.5 and 
12% divergent at nucleotide and amino acid levels, respec-
tively, with strains reported in Argentina and Madagascar 
(Fig. 1c; Table 1). Although the Uruguayan EVC99 strain 
was also divergent around 20% at nucleotide level with 
strains reported elsewhere, it presented a lower degree of 
divergence at amino acid level with these strains compared 
with CVA13 (Table 1).

Temporal and Geographical Distribution of HEV Types

While types as CVB1, CVB3, CVA13, E5, and E9 were 
detected only in the eastern region of the country (Melo and 
Treinta y Tres), CVA16 or EVC99 were detected exclusively 
in the western region (Salto, Paysandú, and Fray Bentos). On 
the other hand, some types (E6, CVA2, CVA22, and CVB5) 
were detected in both regions of the country. Regarding 
the temporal fluctuation of the HEV types, although most 
of them were detected sporadically, CVA16 and E6 were 
consecutively detected in the periods of May–October and 
November–March, respectively, in the western region of the 
country (Fig. 3).

Table 1   Uruguayan strains 
of Human Enteroviruses and 
percentages of divergence at 
nucleotide and amino acid 
levels among them, with 
reference strains and with 
strains reported elsewhere

a Those strains reported elsewhere and included in the phylogenetic analysis of this work
b Those reference strains included in the phylogenetic analysis of this work

Divergence among Uru-
guayan strains

Divergence with strains reported 
elsewherea

Divergence with a refer-
ence strainb

nt aa nt aa nt aa

CVA2 0.8–15.0 0–1.1 4.7–15.4 0–3.3 18.9–20.7 3.3–4.4
CVA16 0–1.1 0 1.5–3.6 0–1.1 25.8–26.1 5.4
CVB1 1.0 1.0 1.7–2.6 0–1.0 23.8–24.7 10.8–11.8
CVB3 – – 1.3–2.6 0 22.8 5.0
CVB5 2.3–8.6 1.0–3.9 5.1–8.0 0–3.9 21.7–23.3 2.9–6.8
E5 0.7 1.0 1.6–2.2 0–1.0 19.4–20.0 1.9–2.9
E6 0.4–4.8 0–2.9 1–3.8 0–2.0 25.6–26.5 7.7–9.6
E9 – – 1.9–5.1 1.0 17.2 18.9
CVA13 – – 20.4–22.5 11.1–12.0 25.6 12.0
EVC99 – – 16.6–20.0 1.0–4.7 21.5 1.9
CVA22 4.7 1.0 1.9–6.2 0–2.9 30.1–31.9 19.7–20.6

Fig. 3   Temporal and geographical distribution of Human Enterovirus 
types detected in sewage samples from Uruguay between March 2011 
and April 2013. The upper scheme represents cities of the western 

region of Uruguay (SA Salto, PY Paysandú, FB Fray Bentos) and the 
lower one, cities of the eastern region (ME Melo and TT Treinta y 
Tres)
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Discussion

We have described herein the occurrence of several HEV 
types in the environment from Uruguay, which constitutes, 
up to our knowledge, the first report from this country con-
cerning the environmental molecular diversity of HEVs.

Two methods designed originally for detection and 
molecular characterization of HEVs from clinical speci-
mens (Nix et al. 2006; Oberste et al. 2010) were applied 
here in parallel, for HEV screening in sewage sample 
concentrates. A higher frequency of detection for HEVs 
was obtained by the use of these two methods in parallel, 
than using one of them only, as suggested by Oberste et al. 
(2010).

As the IPC was detected by real-time PCR in all sam-
ples, we discarded that negative results in qPCR for HEVs 
have been due to the presence of inhibitors. Several posi-
tive samples by qualitative PCR for HEVs were negative 
when the qPCR was applied, which could be attributed to 
viral concentrations under the limit of detection for qPCR. 
This probably happened for BU samples, since they were 
collected after a treatment in a stabilization pond.

In general, the information about HEV circulation in 
the environment is a sub-product of the PV environmen-
tal surveillance (Battistone et al. 2014; Ndiaye et al. 2014; 
Wahjuhono et al. 2014; Wang et al. 2014; Tao et al. 2016). 
This is carried out by inoculation of sewage specimens in 
PV-specific cell lines—which do not allow the isolation of 
all HEV types (World Health Organization 2004), gener-
ating an incomplete description of the real HEV diversity. 
The HEV detection directly from sewage concentrates using 
molecular methods could help to obtain a more realistic view 
of the HEV diversity, avoiding a bias by isolation in cell lines 
specific for PV. In this work, the direct sequencing of PCR 
amplicons allowed the identification of 10 different types 
of three HEV species in 31 samples. The primers proposed 
by Nix et al. (2006) were designed for broad target speci-
ficity and could amplify all recognized and proposed HEV 
serotypes when they tested originally with RNA of clinical 
specimens. Moreover, this method has already been used to 
characterize HEVs isolated from sewage (Shukla et al. 2013; 
Battistone et al. 2014; Nakamura et al. 2015), and to amplify 
and typing HEVs directly from sewage sample concentrates 
(Ibrahim et al. 2014). Contrarily to Ibrahim et al. (2014) 
who characterized a low percentage (~ 12%) of HEVs from 
positive sewage samples using the PCR designed by Nix 
et al. (2006), we have characterized 67% of the positive sew-
age samples using this method. Moreover, we were able to 
identify variants seldom isolated in cell culture, as CVA22 
(Brown et al. 2003). These results highlight the importance 
in selecting appropriate methods for the study of enterovirus 
in environmental samples.

It is worth mentioning the detection of HEV-C types. 
Although sporadically detected, EVC99 and CVA13 
were highly divergent regarding the worldwide circulat-
ing strains. Previous studies reveal that strains of CVA13 
and neuro-virulent VDPVs that circulated contemporary 
in a same geographic area were highly related in the non-
structural region (Rakoto-Andrianarivelo et  al. 2007; 
Delpeyroux et al. 2013). Besides, recombination between 
OPV strains and other HEV-C contributes as a favorable 
factor in the emergence of pathogenic VDPVs (Jegouic 
et al. 2009; Bessaud et al. 2016).

In our study, there was no isolation of OPV strains, 
regardless of a vaccination scheme with OPV or with IPV. 
Previous studies conducted in other countries reported 
PV and/or OPV strain detection in sewage (Mueller et al. 
2009; Tao et  al. 2012b; Alam et  al. 2014; de Oliveira 
Pereira et al. 2016), indeed after the switch to IPV (Bat-
tistone et al. 2014; Wahjuhono et al. 2014). The absence 
of PV isolation from samples collected during routinely 
OPV vaccination and the low percentage of Non-Polio 
Enterovirus (NPEV) isolation in this study could be asso-
ciated to different factors such as population size, sanita-
tion level, and population density, as well as to geographic 
or climatic factors (Global Polio Eradication Initiative 
2015). Other important aspect to highlight is that samples 
remained frozen at − 20 °C from the sampling up to early 
2016 when this study began, and viruses could lose viabil-
ity during this period.

Despite the absence of PV detection in this study, the cir-
culation of HEV-C strains should be carefully monitored in a 
country with IPV vaccination scheme such as Uruguay. The 
low intestinal immunity generated by the inactivated vac-
cine (Salas-Peraza et al. 2010) could allow the importation 
and circulation of OPV strains in a silent manner (Manor 
et al. 2014), with opportunity to recombine with some of 
the HEV-C present in the country and to circulate among 
population without being detected. Uruguay employs the 
IPV vaccine since 2012 and has not yet been generated data 
concerning the epidemiology of HEV-C.

The most frequent types detected during this study cor-
respond to species A (CVA16) and species B (E6).

The CVA16 was detected in the western region of the 
country between May and October 2011, being all the strains 
highly related among them. This type has been well associ-
ated to HFM disease (Iwai et al. 2009; Xu et al. 2015) and 
although there is a lack of information about the incidence of 
CVA16 in Uruguayan children, the Public Health authorities 
have warned about the occurrence of HFM disease in the 
country (Public Health Ministry of Uruguay 2014).

Although the HFM disease occurs worldwide, infor-
mation concerning the epidemiology of CVA16 in the 
Americas is scarce (Carrion et al. 2016). Major studies 
have been conducted in the Asiatic region, where this type 
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is endemic and several sub-types have been characterized 
(Zhang et al. 2010; Yu et al. 2016; Zhao et al. 2016).

Our results would indicate a primary role of this viral 
pathogen in the account of HFM disease cases in Uru-
guay, since neither CVA10 nor CVA71 (the others main 
HEV types related to the disease) were detected in sew-
age samples in this study. The high similarity among the 
CVA16 Uruguayan strains and the sustained circulation at 
the western region of the country (mainly in Fray Bentos 
where CVA16 was detected for five consecutive months) 
suggest a recent introduction of this variant in the coun-
try. Unfortunately, the molecular epidemiology of the 
HEVs involved in the HFM disease in Uruguay remains 
unknown for more than 40 years after the first national 
clinical report (Aguirrezabal et al. 1973).

E6 was the other frequently detected type in this study 
and was present in both regions of the country. This type 
is mainly associated with outbreaks and sporadic cases 
of aseptic meningitis (Mao et al. 2010; Kim et al. 2012; 
Benschop et al. 2016) and several reports documented its 
presence in sewage samples in different countries (Sedmak 
et al. 2003; Tao et al. 2016; Wieczorek et al. 2017).

Despite E6 detection both in cold and warm months, 
which is in agreement with previous studies (Tao et al. 
2012a, 2016), this type was exclusively detected in those 
warmest months of the year in the western region of Uru-
guay. Since infantile meningitis and encephalitis cases due 
to E6 in Uruguay have occurred in summer (Hernández 
2014), it is worrying that viable E6 were detected in sew-
age samples collected in summer months in places without 
sewage treatment plants like Salto and Paysandú. In these 
cities, the Uruguay River (the main recreational course of 
water for their populations) daily receives thousands of 
liters of sewage without treatment, which means a possi-
ble risk of infection for susceptible people exposed to this 
environmental matrix, when our results are considered.

The pattern of occurrence of different HEV types, 
exclusively circulating at each region of the country, is 
similar to the previously reported distribution of Norovirus 
and Rotavirus types in both eastern and western regions 
of Uruguay (Tort et al. 2015; Victoria et al. 2016). This 
scenario could be attributed to the influence of the epi-
demiology of Brazil and Argentina on the Uruguayan 
eastern and western regions, respectively, and to the low 
population flux between both regions. Nevertheless, more 
epidemiological information is needed in order to confirm 
this hypothesis.

This study conducted an environmental approach to 
describe the circulation of HEVs in Uruguay, encompass-
ing the period of OPV–IPV switch. Although OPV was not 
detected, the occurrence of several types belonging to HEV 
species A, B, and C, was reported, contributing to unveil 
the molecular epidemiology of those variants which could 

affect the population and for which no information had been 
generated in the country.
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