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ABSTRACT Water resources contaminated with wastewater are an important source
for the dissemination of enteric viruses with an impact on the health of the popula-
tion. The aim of the study was to assess the viral contamination of freshwater from
a dam in Argentina by using infectious enterovirus detection, viral RNA amplifica-
tion, and a genetic characterization of five enteric viruses associated with diarrhea
and hepatitis. Enterovirus infectivity (iEV) was evaluated by cell culture and direct
immunofluorescence. The detection of the viral genome of rotavirus (RV), human as-
trovirus (HAstV), norovirus (NoV), hepatitis A virus (HAV), and hepatitis E virus (HEV)
was performed by reverse transcriptase PCR (RT-PCR). A total of 48 water samples
from 4 monitoring points on the body of the dam from January to December 2012
and 66 water samples from 3 tourist beaches on the edge of the dam from October
2013 to October 2015 were collected monthly. During the first period, the overall vi-
ral frequency detection was 52.1% for group A RV, 50% for HAstV, 60.4% for NoV,
22.9% for HAV, 2.1% for HEV, and 64.6% for iEV. The overall frequency detection for
the second sampling was 18.2% for RV and HAstV, 31.8% for NoV, 7.57% for HEV,
and 66.7% for iEV. There was no detection of HAV during this period. The genotypes
and genogroups detected through the study correlated with the most common
genomic variants associated with human gastrointestinal and hepatitis illnesses. The
results obtained could alert the health systems and environmental sanitation to
make decisions for viral control and prevention in our environment.

IMPORTANCE The study shows the impact of anthropic contamination of one of the
most important tourist water resources in Argentina. This course of recreational wa-
ter would be a favorable scenario for infection, as well as a reservoir for the enteric
viruses, creating a risk for the population exposed to these waters. The results ob-
tained could alert the health systems and environmental sanitation to make deci-
sions for the control and prevention of viral diseases in this environment.

KEYWORDS genotype/genogroup variants, freshwater viral contamination, hepatitis
viruses, RT-PCR, enteric viruses, gastrointestinal viruses, immunofluorescence, viable
enterovirus

ublic attention towards the care and preservation of the environment, particularly

of the watercourses, has grown in recent decades, becoming one of the priority
issues of humanity. The impact of the population on the water resources has become
more evident in recent years, highlighting the close relationship between the levels of
microbiological contamination of water and community health.

Severe pathogen pollution, the rise of which is largely due to the expansion of sewer
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systems that discharge untreated wastewater into surface waters, is estimated to affect
approximately a quarter of Latin American watercourses (1).

In this sense, viruses that infect humans prevail throughout the environment,
causing public health concerns and leading to substantial economic losses. Many orally
transmitted viruses produce subclinical infections, and symptoms are present only
in a small proportion of the population. However, some viruses may give rise to
life-threatening conditions, such as acute hepatitis in adults, as well as severe gastro-
enteritis in small children and the elderly.

The United Nations Environment Program (UNEP) estimates that approximately 3.4
million people die each year from diseases associated, among others, with enteric
viruses in water, such as viral hepatitis and diarrheal diseases, and up to 25 million
people are at risk of infection from these diseases in Latin America (1).

However, the development of the diseases is associated with the viral characteris-
tics, such as the infective dose of the viral agent, the genetic variant of the strain, the
endemicity and/or host factors, including the age, health, and immunological and
nutritional statuses of the infected individuals, and the availability of health care.

Human-pathogenic viruses in urban wastewater include enterovirus (EV), adenovirus
(AdV), norovirus (NoV), rotaviruses (RVs), astrovirus (HAstV), human polyomavirus (HPyV),
hepatitis A virus (HAV), and hepatitis E virus (HEV), with variable prevalence in different
geographical areas and/or periods of the year.

According to the last census in Argentina, only 48.9% of the population have
sewage treatment systems and 62.2% have septic tanks and cesspools in their homes
(2). As a result, untreated or poorly treated sewage and treated sewage are discharged
together into the surface water, resulting in fecal contamination with a high viral load.
This creates a risk to human health via waterborne enteric viruses. A high occurrence
of infections, produced by NoV, group A RV (RVA), HAV, HEV, and human EV, has been
reported recently in Argentina in a variety of water environment matrices (3-8).

The San Roque Dam, located in the Punilla Valley in Cérdoba province (second
touristic destination of Argentina), was constructed more than 70 years ago for flood
control, water supply, recreation, and sport fishing. The recreational activities practiced
in and around this watercourse promoted urbanization in the surroundings of the dam
with the consequent discharge of poorly treated residual liquids. Despite its impor-
tance, this watercourse is currently one of the most problematic inland aquatic envi-
ronments in Argentina because of the advanced state of eutrophication, with the
anthropic activities as the main source of pollution, constituting a potential source for
infections by pathogenic microorganisms in the exposed population.

The aim of the present study was to assess the viral contamination of freshwater
from a dam in Argentina by using infectious enterovirus detection, viral RNA amplifi-
cation, and a genetic characterization of five enteric viruses associated with diarrhea
and hepatitis.

The findings will contribute to our understanding of the local epidemiology as well
as the dynamic of the circulation of this extensive group of viruses in the community,
promoting the creation of public policies oriented to the care of this resource.

RESULTS

The presence of at least one of the different viruses analyzed was demonstrated in
100% of the samples belonging to the four studied points from the body of the dam
(Fig. 1). During this period, the overall viral frequency of detection was 25/48 (52.1%)
for RVA, 24/48 (50%) for HAstV, 29/48 (60.4%) for NoV, 11/48 (22.9%) for HAV, 1/48
(2.1%) for HEV, and 31/48 (64.6%) for enterovirus infectivity (iEV).

The detections of RVA, HAstV, and HAV showed temporal behaviors; no RV was
detected in the spring (September, October, and November 2012). HAstV had a drop in
detection during the summer months, specifically in January and February, and HAV
genotype IA was detected only during cold seasons (Fig. 1A).

HEV genotype 3 was only detected in September, showing a low frequency of
circulation. Meanwhile, NoV was detected during all the sampling periods.
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FIG 1 Frequencies of infectious human enterovirus (iEV), viral RNA amplification (RV, HAstV, NoV, HAV, and HEV), and genetic
characterization from four monitoring sites at the San Roque Dam, Cordoba, Argentina. (A) Monthly frequencies of detection of RV,
HAstV, NoV, HAV, and HEV during 2012. HAV-IA, hepatitis A virus/genotype IA; HEV-GE, hepatitis E virus/genotype 3. The quantity of
blue symbols (RNA virus detection) or green asterisks (infectious human enterovirus) represents the numbers of sampling points for
the indicated virus. (B) Proportional distributions of rotavirus, norovirus, and astrovirus genogroups/genotypes.

iEV was detected during all the studied months from at least in 2 sampling points
(Fig. 1A and 2A). The molecular characterization demonstrated a cocirculation of
different genotypes/genogroups for RV, HAstV, and NoV. Among the RVs, the most
prevalent genotypes were G1 and G9, followed by G2, G3, and G8, and to a lesser extent
G4. A high genotype variability was observed for HAstV: genotypes G1, G5, and G3 were
the most prevalent, followed by G2 and G7, and to a lesser extent by G4 and G6. For
NoV, a higher proportion was genogroup GlI than Gl (Fig. 1B).

Results obtained during the second sampling, carried out on the beaches (October
2013 to October 2015), are depicted in Fig. 3. In accordance with that observed for the
body of the lake, the presence of at least one of the different viruses analyzed was
demonstrated in 100% of the samples. However, the overall frequency of detection for
the three monitoring points was lower than that detected before, except for iEV. For RV
and HAstV, the frequency of detection was 12/66 (18.2%), whereas it was 21/66 (31.8%)
for NoV, 5/66 (7.57%) for HEV, and 44/66 (66.7%) for iEV. There was no detection of HAV
during this period (Fig. 3A). Nevertheless, it is important to highlight that during
October 2013 to October 2014, there was a significant decrease in RV detection (5.55%)
compared with the RV frequency detected in the period from January to October 2015
(33.5%) and an absence of HEV detection (Fig. 3A). In contrast, the detection frequen-
cies for HAstV and iEV were similar during the periods October 2013 to October 2014
(19.4% and 69.4%, respectively) and January to October 2015 (16.6% and 63.3%,
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FIG 2 Detection of enterovirus VP1 protein by immunofluorescence staining on HEp-2 cells. (A) Positive (infected)
cells show punctate fluorescence, mainly in the cytoplasmic region. Samples are from the body of the dam. (B)
Positive (infected) cells show fluorescence at the cellular periphery (membranous ring). Samples are from the
beaches of the dam. Scale bar, 20 um.

respectively; P > 0.05). Although NoV detection in the period from October 2013 to
October 2014 (25.0%) was less than its detection in the period from January to October
2015 (40.0%), this difference was not statistically significant (P > 0.05).

HAstV was more frequently detected in the warm months than in the cold months
(Fig. 3A). Viable (infective) enterovirus was detected throughout all the studied periods
from at least one of the three sample sites (Fig. 2B and 3A).

Figure 3B shows the molecular characterization of RV, HAstV, and NoV. A decrease
in the circulation of RV genotypes was observed, with G1 being the most prevalent,
followed by G2 and to a lesser extent, G3 and G4.

For HAstV, three genotypes were detected: genotype G3, the most prevalent, and
genotypes G5 and G7. The circulating genogroups belonging to NoV had proportions
similar to those detected in the body of the lake: 80% for genogroup Il and 20% for
genogroup | (Fig. 3B).

DISCUSSION

In recent years, investigations on environmental virology have placed an emphasis
on monitoring the viral quality of wastewater and surface water to try to reduce the risk
of viral diseases. Viruses are released into the environment through sewage and come
into contact with recreational and consumption waters, which are the sources for
human infections. To enrich our understanding of the local epidemiology and the
dynamic of circulation of waterborne viruses, as well as to increase the poor existing
data and underline the need of environmental surveillance programs in Argentina, two
different monitoring campaigns were conducted in recreational waters during 3 years
(2012 to 2015) to examine the presence of viruses that are associated with diarrhea and
enteric hepatitis.

At least one type of virus was detected in each of the analyzed samples, although
there were differences in viral detection frequencies according to the sampling site and
the analyzed period, with fewer detections from coastal areas of the dam, especially in
the first months of the year 2014 for RV.

Although molecular techniques are the primary choice for environmental viral
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FIG 3 Frequencies of infectious human enterovirus (iEV), viral RNA amplification (RV, HAstV, NoV, HAV, and HEV), and genetic
characterization from three monitoring sites at the beaches located on the banks of the San Roque Dam, Cordoba, Argentina. (A)
Monthly frequencies of detection of RV, HAstV, NoV, HAV, and HEV during October 2013 to October 2015. HAV-IA, hepatitis A
virus/genotype IA; HEV-GE, hepatitis E virus/genotype 3. The quantity of blue symbols (RNA virus detection) or green asterisks
(infectious human enterovirus) represents the numbers of sampling points for the indicated virus. (B) Proportional distributions of
rotavirus, norovirus, and astrovirus genogroups/genotypes.

surveillance due to their high sensitivity, specificity, and practicality, in this study, the
presence of iEV was additionally investigated and was found to be a good indicator for
determining viable and infectious viruses in environmental samples, with a high
sensibility. The evidence of EV viability could indicate adequate matrix conditions for
maintaining the infectivity of the other viruses analyzed by genomic detection. A
limitation of this investigation is that an internal control was not used during the viral
genomic molecular analysis, and so the viral detection frequency could be underesti-
mated. However, the high frequency and diversity of viral detections would indicate the
absence (or at least an insufficient concentration) of inhibitors in the samples analyzed.

In the present study, group A RV, HAstV, NoV, HAV, and HEV were detected and
genetically characterized. The high iEV frequency of detection found during this study
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is in accordance with previous investigations performed in Cérdoba Province, Argen-
tina, which reported iEV frequencies between 99% and 86% (9). In the work mentioned
above, poliovirus (PV) was found in 56% of the samples, the other ones (44%) were
positive for only non-PV enterovirus. In addition, among the poliovirus-positive sam-
ples, 19% of them were also positive for non-PV enteroviruses. Also, in a study
conducted in river recreational waters from Coérdoba, 78.6% from the Suquia river and
87.5% from the Xanaes river were iEV-positive samples (8). No seasonal pattern was
found for iEV circulation.

It is important to highlight that in Argentina, since the end of 2015, a sequential
vaccination schedule of inactivated PV vaccine ([IPV] at 2 and 4 months of age),
followed by two doses of oral PV vaccine ([OPV] at 9 and 18 months of age) replaced
the OPV scheme in the routine childhood immunization program. As a consequence,
many studies have reported a reduction of poliovirus shedding in children who received at
least 2 doses of IPV before exposure to OPV (10-12). So, it is expected that this may
affect the detection of infectious enteroviruses (by picking less-vaccine-derived polio-
viruses). However, our results, together with the previously mentioned environmental
studies of Argentina, indicate a high circulation of non-PV enterovirus in watercourses
and the population.

Group A RV is widely known as one of the most important childhood diarrheal
pathogens worldwide. It is estimated that RV causes more than approximately 600,000
deaths annually in children all over the world. In Argentina, it is responsible for 40% of
hospital admissions of acute diarrhea, and it is estimated that this virus may cause
between 30 and 50 deaths annually in the country (13).

Seasonal fluctuations in rotavirus infection are documented, with an increase of the
viral activity in cold and dry months (6, 13-17). However, in accordance with other
studies that describe RV as circulating throughout the year (6, 18, 19), in our study, the
presence of RV was demonstrated during the four seasons of the 3 years sampled, with
a decrease in the frequency of detection in the spring. Despite this, the low RV
detection performed during the first monitoring year (October 2013 to October 2014)
of the second sampling, becoming higher again in the summer and autumn of 2015,
was surprising. This could be explained, in part, by the increased rainfall. Global climate
change is expected to affect the frequency, intensity, and duration of extreme water-
related weather events, such as excessive precipitation, floods, and drought (20). In this
sense, it is important to note that during the first 14 months of sampling on the
beaches in Argentina, there was a global weather phenomenon called El Nifio. It was
characterized by intense rains that exceeded the annual historical average of rainfall
levels in Cérdoba province in the year 2014, according to rainfall records of the Cérdoba
Grain Exchange (21). In fact, in the year 2014, the average precipitation during the
months corresponding to autumn and winter (dry season) was comparable to that
found in the months corresponding to spring and summer (wet season). In the dry
season of the year 2014, the average precipitation was 102.5 mm, and the historical
peak of precipitation during January through April in Cordoba Province is around 100
to 200 mm of rainfall.

Thus, our findings agree with those obtained by many authors who report a drop in
the detection of RV during the wet months compared with that during the dry ones (6,
14, 16, 22, 23). However, these results contrast with other studies carried out in Brazil,
in which an increase in virus concentration was detected in samples collected during
the rainfall events (24, 25).

Our environmental study reflects a local complex dynamic of RV “G” genotype
circulation characterized by the cocirculation of different genotypes. In this sense, the
waters of San Roque Dam provide a possible source of infection, with the population
exposed to a wide variety of RV genotypes.

During the first period of the study, the most prevalent RV G genotypes (G1 and G9)
correlated with the most common genomic variants associated with human gastrointesti-
nal illness in Argentina (13) and other regions worldwide (6, 26-29). On the beaches, the
pattern of circulating genotypes was different, although G1 was the most frequent.
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Two live-attenuated vaccines (one pentavalent, RotaTeq by Merck, and one mon-
ovalent, Rotarix by GlaxoSmithKline) have been successfully introduced in a growing
number of countries since 2006 (30, 31). In January 2015, the monovalent RV vaccine
(G1 [P8]; GSK) was introduced in the Argentine National Immunization Program. The
second sampling of this work was conducted between October 2013 and October 2015,
and so it involved 10 months during which the RV immunization program was working
and infants were vaccinated (vaccination schedule at 2 to 4 months of age). However,
this virus was detected during all of the 10 months studied during this period in the
same way that is was detected during the period from January to December 2012.
Previous investigations have demonstrated the transmission of rotavirus vaccine strains
from vaccinated children to nonvaccinated siblings. RV vaccine strain RNA was persis-
tently detected in stool samples collected from vaccine recipients. The quantitative
real-time reverse transcriptase PCR (RT-PCR) data revealed a peak viral RNA load 1 week
after vaccination, followed by a gradual decrease. Therefore, rotavirus vaccination does
not appear to restrict virus circulation and, in turn, viral detection in surface waters
contaminated with fecal matter. Moreover, during the two sampling periods, RV-G1 type 1
was the most prevalent genotype. It would be necessary to sequence the VP7 viral genome
region to establish whether the circulating virus belongs to the vaccine or to wild-type
RV strains. It would also be important to carry out clinical and environmental investi-
gations in the near future to evaluate the impact of the vaccine introduction on the
dynamics of circulation and the diversity of RV strains in the community.

HAstVs have been associated with endemic diarrheal episodes and outbreaks of
gastroenteritis in industrialized and nonindustrialized countries and have been de-
tected in sewage as well as in surface water worldwide (32-35). In this study, HAstV was
detected at a high frequency during the dry months of the first period of monitoring
(year 2012), in agreement with previous studies in Latin America which detected HAstV
at a high rate during the dry season of the year (34). During the second monitoring
period, the particular meteorological phenomenon during the year 2014 made it
difficult to describe the true circulation pattern of HAstV on the beaches of the lake.
Despite this, it is important to highlight that in central Argentina, a longitudinal study
carried out in a river of the same region demonstrated the presence of HAstV in surface
waters, with differences in the detection rates between the dry and wet seasons (36).
Although there are few data on the frequency of genotypes in superficial waters (33),
our results show a profile similar to those of the most prevalent genotypes in the world
(32, 37), with the exception of genotype 8, suggesting a circulation of a wide diversity
of HAstV genotypes in recreational waters of Argentina.

NoV was found in high proportions in the two studied monitoring periods. These
viruses have a high impact on human health all over the world, but in Argentina, NoV
outbreak investigations and routine diagnosis of acute gastroenteritis cases are un-
common. The only data available are on an outbreak of acute gastroenteritis by NoV
caused by the ingestion of water contaminated by sewage (38). The CDC estimates that
each year, NoV causes 19 to 21 million illnesses, 56,000 to 71,000 hospitalizations, and
570 to 800 deaths. NoVs are associated with outbreaks due to contact with infected
persons or the ingestion of contaminated food or water (39). Therefore, the study of
this viral group and its potential sources of infection in a region with scarce data
acquires great relevance.

Our detection of the genogroups | and Il (Gl and GII) of NoV agree with previous
reports from different water matrices in the same region and worldwide (40-42).

In this study, the presence of HEV-3 on an environmental watercourse was demon-
strated again in this region, adding evidence to the previously reported detection in
riverine samples (4). Waterborne transmission of HEV to humans in direct contact with
watercourses is possible and has important implications in public health in Cérdoba
province. HEV has been associated with serious acute hepatitis disease in pregnant
women and in patients with preexisting chronic liver disease. Chronic HEV infections
with clinical relevance have been described in immunocompromised patients infected
with HEV-3, especially in organ transplant recipients (43). Previous studies in the central
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region of Argentina have reported the detection of HEV-3 RNA in 6% of sewage and a
seroprevalence of anti-HEV IgG of 4.4% among the general population, 5.8% among
solid-organ transplant patients, 16% in HIV-infected individuals with severe immuno-
suppression, and 10.2% among dialysis patients, which demonstrate that HEV circulates
in this area (4, 44, 45). Although the sources of transmission are yet little understood,
this study indicates that the courses of recreational water would be a favorable scenario
for the infection, as well as a reservoir for the virus.

HAV has shown intermediate endemicity in Argentina, but the notification of clinical
cases has been severely limited since the introduction of the vaccine in 2005. Vizzotti
et al. (46) reported that a single-dose universal hepatitis A immunization in infants
resulted in low HAV circulation and persistent immunologic protection up to 4 years in
Argentina. However, differences in seroprotection among vaccinated children were
related to differences in hygiene habits in settings with residual viral circulation. In this
study, in agreement with what was previously documented by Blanco Fernandez et al.
(3) and Yanez et al. (5), we demonstrated the circulation of HAV in the year 2012 in a
recreational water source not previously investigated, indicating viral maintenance and
a potential risk for susceptible individuals during this period. The absence of detection
of HAV on the beaches could be linked to the spatiotemporal characteristics of the
sampling (described above for RV with regard to climate change in the different
monitoring years and different places) but also to a decrease in the viral excretion of
the population, as a consequence of the continuity and effectiveness of the vaccination
program, which provides cumulative immunity.

Conclusion. Data obtained in our study show the impact of anthropic contamina-
tion of one of the most important tourist water resources in Argentina, which is in close
contact with the local population, constituting a possible viral infectious source for the
population, especially in the summertime when these water sources can be used
recreationally. The results obtained could alert the health systems and environmental
sanitation to make decisions for viral control and prevention in this environment.

In this sense, the National Ministry of Health of Argentina is committed to making
decisions based on local evidence and to share its experiences to promote cost-
effective strategies of control and prevention. The environmental viral monitoring and
genetic variability evidence of local circulating strains should be part of this policy.
Thereby, data reported in the present study, added to previous local reports on
environmental virology, could (a) contribute to active surveillance and monitoring of
the effectiveness of the immunization programs implemented in the region, (b) antic-
ipate outbreaks in unvaccinated populations or those with low vaccination coverage,
(c) contribute to the surveillance of emerging viruses, (d) identify sources of viral
contamination, and (e) describe the circulation of poorly known and underdiagnosed
viruses potentially hazardous to health.

MATERIALS AND METHODS

Study area and monitoring sites. The study was conducted at the San Roque Dam (31°22'S,
64°28'W; 608 m above sea level [asl]), located in a mountain range in the Punilla Valley, next to Carlos
Paz city, 40 km west from Cérdoba city, in the province of Cérdoba, Argentina (Fig. 4). The Dam has two
main tributaries: the San Antonio River (with an estimated annual mean flow of 4.0 m3/s) and the Cosquin
River (with an estimated annual mean flow of 16.5 m3/s). Both rivers are subjected to a seasonal
fluctuation in water flow. The surface area of this reservoir covers around 16 km2. Four monitoring points
located at the San Roque Dam were selected: one central monitoring site named center C, one at the east
side of the dam near the spillway and the dock walls named Dam D, and two monitoring stations at the
mouths of the tributaries: one monitoring site at the San Antonio River mouth (named SA) and the other
one at the Cosquin River mouth (named CQ) (Fig. 4). Besides, 3 beaches on the banks of the dam were
monitored: Perelli Beach (PP) that is a great bay located in a residential area, used as a wharf by those
who practice sailing; Bahia del Gitano Beach (BG), located in an urban area, used by boats, jet skis, and
fishermen; and Club de Pescadores Beach (CP), used for sport fishing and swimming (Fig. 4).

Sample collection and concentration. A total of 48 water samples from the 4 monitoring points of
the dam from January to December 2012 and 66 water samples from the 3 beaches from October 2013
to October 2015 were collected monthly.

All water samples (1.5 liter each) were collected during the daytime and were typically gathered in
the morning between the 12th and 17th days of the month. Samples were taken at a depth of 0.20 m
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Argentine Republic Province of Cérdoba

Recreational beaches sampling points

Body of the reservoir sampling points .

San Roque Dam Area

FIG 4 Geographical representation of the area under study: the San Roque Dam, located in the province of Cérdoba in Argentina. The sampling points are
indicated. The brown circles mark the samplings carried out on the body of the reservoir: central (C), dam (D), and the San Antonio River (SA) and Cosquin River
(CQ) (mouths of the tributaries). The yellow circles show the sampling points on the recreational beaches: Perelli Beach (PP), Club de Pescadores Beach (CP),
and Bahia del Gitano Beach (BG). Map templates can be found at http://d-maps.com/carte.php?num_car=4732&lang=en, http://d-maps.com/carte.php?num
_car=140164&lang=en, and https://www.google.com.ar/maps/place/Dique-+San+Roque.

using sterile bottles and were transported within 12 h at 4°C to 8°C to the laboratory for further
processing and analysis.

Specimens were concentrated by using the polyethylene glycol (PEG) precipitation method, previ-
ously described by Lewis and Metcalf (47) and Greening et al. (48) as modified by Huang et al. (49). The
1.5-liter water samples were concentrated 100-fold to 15 ml by high-speed centrifugation (two centrif-
ugation steps at 10,700 X g for 20 to 25 min), elution (two steps at room temperature for 1 h), and PEG
precipitation (10% PEG 6000, overnight at 4°C). The concentrated samples were further treated with
chloroform to obtain a clear sample for cell culture virus isolation.

The recovery efficiencies of the nucleic acid extraction method and PEG concentration procedure
were previously evaluated using PP7 as a comparator virus (50).

Infectious human enterovirus. Infectious enteroviruses were detected according to the WHO polio
laboratory manual (51). In summary, after the concentration technique, the sample clarification was
performed with the double chloroform organic treatment followed by the addition of penicillin (100
units/ml), streptomycin (100 wg/ml), and amphotericin B ([Fungizone] 250 wg/ml). After this, 150 ul from
each sample was inoculated in a 24-well plate containing HEp-2 cells. For this, the maintenance medium
was removed and the sample was deposited on the cell monolayer. Then, plates were incubated at 37°C
for 60 min. Subsequently, 150 ul of minimal essential medium (MEM) supplemented with 2% fetal bovine
serum ([FBS] inoculation medium) was added. Samples were incubated at 37°C for 7 days or until the
cytopathic effect (CPE) occurred. In general, the CPE produced by enteroviruses is manifested by the
widespread destruction of the monolayer.

Infectious EV was confirmed by a direct immunofluorescence assay. The monoclonal antibody
solution used for iEV detection consisted of monoclonal antibodies against coxsackievirus type A9,
coxsackievirus type B (B1, B2, B3, B4, B5, and B6), echovirus (serotypes 4, 6, 9, 11, 30, and 34), poliovirus
(serotypes 1, 2, and 3), and enterovirus (serotypes 60, 71, and Cox A16). The monoclonal antibody
reagents were commercially prepared and were purchased from Chemicon International (Temecula, CA).

Detection of viral genomic RNA. In all the cases, viral RNA was extracted from 140 pul of the
concentrated water sample using a commercial QIAamp viral RNA kit (Qiagen Inc., Hilden, Germany). The
manufacturer’s protocol was followed, and the purified viral RNA was eluted in 60 ul of elution buffer.
Extracted RNA was reverse transcribed into cDNA using random hexamer primers and an ImProm-II
reverse transcription system (Promega Corp.). The primer characteristics and references for the amplifi-
cation conditions of the PCR protocol used for nucleic acid detection of all viral groups are shown in
Table 1.

The heminested protocols used for RVA, HAstV, and NoV detections were all described previously
(52-54).

Statistical analysis. Statistical analyses of the data were performed to estimate the frequencies of
detection of the studied viral groups.
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TABLE 1 Oligonucleotide primers used for the detection of genotypes/genogroups of enteric viruses from recreational water of the San
Roque Dam

Primer name Annealing  Fragment
Virus? (direction®) Sequence (5'—3') Genome region Nucleotides temp (°C) size (bp) Reference
Rve Beg9 (F) GGCTTTAAAAGAGAGAATTTCCGTCTGG  VP7 1-28 424 1.062 52
End9 (R) GGTCACATCATACAATTCTAATCTAAG 1,062-1,036
aBT1 (F) CAAGTACTCAATCAATGATGG VP7 314-335 749
aCT2 (F) CAATGATATTAACACATTTTCTGTG 411-435 652
aET3 (F) CGTTTGAAGAAGTTGCAACAG 689-709 374
aDT4 (F) CGTTTCTGGTGAGGAGTTG 480-498 583
aAT8 (F) GTCACACCATTTGTAAATTCG 178-198 885
aFTo9 (F) CTAGATGTAACTACAACTAC 757-776 306
HAV HAV1 (F) CTCTCCCCTTGCGCTAGGCTCT 5" UTR9 208-229 65 230 3
HAV1 (R) CAGTCCTCCGGCGTTGAATGGT 463-484
HAV2 (F) CTTGCCCTAGGCTCTGGCCGT 215-236 45
HAV2 (R) CAATATCCGCCGCTGTTACCCTAT 420-443
HEV 3156N (F) AATTATGCYCAGTAYCGRGTTG ORF-2 5,687-5,708 459 348 49
3157NR (R) CCCTTRTCYTGCTGMGCATTCTC 6,395-6,417
3158N (F) GTWATGCTYTGCATWCATGGCT 5,972-5,993
3159N (R) AGCCGACGAAATCAATTCTGTC 6,298-6,319
NoVe NV1 (F) ATACCACCTATGATGCWGAYTA Region A polymerase  4,279-4,299 45 237 53
NV2 (R) ATYTCATCACCATARAAIGA 4,585-4,605
NV3 G1 (F) TCNGAAATGGATGTTGG 4,691-4,707 37 188
NV4 (R) AGCCAGTTTTCGATGGARTTC 4,495-4,515
HAstVf  PreCap1 (F) GGACTGCAAAGCAGCTTCCTG ORF-2 62-82 484 2,473 54
12GR (R) TTITTTITITITITITITITIGC 2,454-2,473
HAsTV-1 (F) AACCAAGGAATGACAATGAC 2,166-2,185 212
HASTV-2 (F) ACCTGCGCTGAGAAACTG 2,247-2,185 158
HAsTV-3 (F) CTGCTTGCATCTGGTCTTTCA 2,283-2,303 119
HAsTV-4 (F) TGATGATGAAGACTCTAATAC 2,071-2,091 258
HASTV-5 (F) TAGTAACTTATGATAGCC 2,014-2,031 388
HAsTV-6 (F) TGGCCACCCTTGTTCCTCAGA 1,951-1,971 427
HASTV-7 (F) CTAGACAACAACAACCCG 1,842-1,859 548
HAstV-8 (F) GGTAAGTGGTACCTGCTAACTAG 1,753-1,775 599
End (R) TCCTACTCGGCGTGGCCGC 2,377-2,359 212

RV, rotavirus; HAV, hepatitis A virus; HEV, hepatitis E virus; NoV, norovirus; HAstV, human astrovirus.

bF, forward; R, reverse.

cGenotypes G1 to G4, G8, and G9.

9The cycling conditions for the nested PCR were the same as those described for the first amplification round.
eNoV genogroups | and II.

Genotypes G1 to G8.

9UTR, untranslated region.

Fisher's tests were used to compare the rates of virus detection in the samples studied. A P value
of <0.05 was considered statistically significant.
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