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Abstract This study aims to expand the knowledge
about fecal contamination by humans and animals using
Adenovirus (AdV) as bioindicators in different water
sources from rural areas, to evaluate the viral infectivity,
and to compare the different techniques used to detect
the Human mastadenovirus (HAdV). For that, 124 sam-
ples were collected (86 from groundwater and 38 from
surface water) along the Rio dos Sinos Basin.
Escherichia coli count was carried out, and the samples
were submitted for the detection and characterization
tests of AdV by different methods (qPCR, multiplex
qPCR, and nested PCR). In addition, the viral infectivity
was realized by integrated cell culture quantitative PCR
(ICC-gPCR). E. coli was detected in 63% of groundwa-
ter samples (geometric mean of 16.7 MPN/100 mL) and
68% (geometric mean: 5 .08x10%> MPN/100 mL) in sur-
face waters. Among the viral indicator in the groundwa-
ter, the HAdV was detected in 49% of the samples,
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followed by Canine mastadenovirus (CAV, 20%), Bo-
vine mastadenovirus (BAdV, 17%), Aviadenovirus
(AvAdV, 15%), and Porcine mastadenovirus (PAdV,
03%). In surface water, HAdV was detected in 45%,
followed by CAV (42%), BAdV (29%), and PAdV and
AVAdV (13%). The quantification of genomic copies
per liter ranged from 9.40x10* to 5.54x10'% gc/L. In
groundwater samples, it was possible to observe infec-
tious adenovirus in 12% of the samples, as well as in
surface water for 18%. The results showed an increase
in the sensitivity of positive samples when a combined
set of techniques were used for HAdV detection.

Keywords Adenovirus - Fecal contamination - Rural
area - Groundwater - Surface water - Farms

1 Introduction

The provision of drinking water was one of the most
successful measures achieved by humanity in terms of
disease control and prevention (Ashbolt 2015). The
access to basic sanitation, as well as drinking water,
contribute significantly to disease and death reduction,
mainly among children (UNICEF and WHO 2015;
WHO 2017). Globally, in rural areas, the drinking water
cover is 84%, while in urban areas, the cover of such
services can reach 96% (WHO/UNICEF 2015). How-
ever, in Brazil, according to the demographic census of
2010, 93% of households in urban areas receive drink-
ing water and only 29% in rural areas (IBGE 2010a).
This high contingent of households on the margins of
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the distribution of treated water makes the population
living at these locations dependent on other water
sources, as well as water springs, artesian wells, or
shallow wells. Usually, these water sources are of doubt-
ful quality because they do not receive adequate treat-
ment and are not even routinely monitored, representing
a danger to animal and human health that enjoy these
waters (Perdomo et al. 2006).

Enteric viruses are microorganisms associated
with environmental contamination and infections
caused by consumption of contaminated water
and food (Bosch et al. 2008). These pathogens
are eliminated in large quantities in the feces of
humans and animals, and they have easy disper-
sion into the environment; so, these viruses are
frequently found in rivers, groundwater, recreation
water, drinking water, wastewater, and sewerage
(Bosch et al. 2008; Staggemeier et al. 2015).
Among enteric viruses, it stands out the
Adenoviridae family that is composed of five gen-
era: Atadenovirus, Aviadenovirus, Ichtadenovirus,
Mastadenovirus, and Siadenovirus. Adenovirus
(AdV) is a non-enveloped virus of icosahedral
capsid, it has the approximate size of 70 to
90 nm diameter and has trait projections, and there
is a single linear molecule of dsDNA (ICTV
2011). Besides human beings, species-specific
AdVs can also infect a wide range of animal
species, including mammals, birds, reptiles, am-
phibians, and fish (Benkd et al. 2002). As these
pathogens are ubiquitous in the environment, stud-
ies have shown the great importance of research
and insertion of fecal indicators of viral origin in
evaluation of water pollution (Hewitt et al. 2013;
Rames et al. 2016). Different species of enteric
viruses can be found in aquatic environments even
when these waters are in accordance to the stan-
dards of bacterial indicators (Dalla Vecchia et al.
2015; Fong et al. 2005). The viruses are host-
specific allowing a better characterization of con-
tamination sources than E. coli which is an invari-
able bacterium found in humans and animals ex-
creta (Fong et al. 2005; Gotkowska-Plachta et al.
2016). AdVs are highlighted due to the structural
characteristics that give them greater stability in
adverse conditions, including temperature and pH
changes and physical and chemical treatments,
such as filtration and chlorination processes, and
these methods are often used in water treatment
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nowadays (Barardi et al. 2012; Fong et al. 2005;
Thurston-Enriquez et al. 2002). In addition, they
tend to be more resistant to ultraviolet radiation
(UV) when compared to RNA viruses, considering
that HAdV can use host cell enzymes to repair
their DNA damage, thus allowing them a greater
persistence in remaining infectious in the environ-
ment for a longer period (Ko et al. 2005;
Thurston-Enriquez et al. 2002).

This research aimed to use different molecular
methods to analyze the microbiological quality of
groundwater and surface water in rural areas. In addition
to the use of traditional parameters, such as E. coli, this
study proposes the investigation of AdV of different
species in order to characterize the main source of
pollution in these places.

2 Material and Methods
2.1 Sampling

The Rio dos Sinos Basin (Bacia Hidrografica do Rio
dos Sinos - BHRS) is located at the east of the State of
Rio Grande do Sul (RS), Brazil (Fig. 1). It covers 32
municipalities and is used for human and animal supply
(cattle, horses, pigs, sheep, and birds), rice irrigation,
and industrial uses.

The Basin is currently divided into three distinct,
being the following: (a) high stretch, represented by
areas of small rural properties with low population den-
sity, where agriculture and small dairy, pigs and poultry
farms predominate; (b) medium stretch, higher popula-
tion density, still with characteristics of rural areas, but
not as predominant as in the upper part; and (c) lower
stretch, represented by large industrial and population
volume (PRO-SINOS n.d.), the lower reaches of the Rio
dos Sinos Valley are located where there is a greater
demand of water for agricultural purposes. That of a
total of 3.81 m’/s water, 85% is aimed for irrigation of
rice in the low stretch, 13% for the municipalities of the
high stretch, and only 2% goes to the middle stretch
(COMITESINOS 2015). Thus, this shows that the lower
part of the Basin is not only composed of urban and
industrial areas. Table 1 shows the density of human and
animal population of research participant municipalities,
and there are not dog population estimate because no
official data were found. However, in Brazil, it is
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Fig.1 On the left of a, map of Brazil and in green the Rio Grande
do Sul state. On the right of a, map of RS state and in gray the
BHRS. In b highlighted in red, the urban areas spot in the region of
Vale do Rio dos Sinos. In ¢ the fluvial map of BHRS. It is possible
to observe in panels ¢ and b the distribution of rural properties in
the region of Vale of Rio dos Sinos. High stretch: properties 01 and
02 belong to the city of Caraa; properties 03 to 06 belong to the
city of Santo Antonio da Patrulha; properties 07 to 09 refer to the

common that the people have dogs such as domestic
animal, mainly in rural areas.

The samplings were carried out on November and
December of 2015, in 34 rural properties of 11 munic-
ipalities located along the BHRS (Fig. 1). Water sam-
ples (500 mL) were collected in sterile bottles, being that
86 were from groundwater (spring and artesian well)
and 38 were from surface water (streams, weir, and
river), totalizing 124 samples. This research received
the support of Technical Assistance and Rural Exten-
sion Company of Rio Grande do Sul State Government
(Empresa de Assisténcia Técnica e Extensdo Rural do

city of Riozinho; properties 10 and 11 to the city of Rolante; and
properties 21 to 23 the city of Taquara. Middle stretch: properties
17 to 20 to the city of Ararica and properties 24 to 26 to the city of
Igrejinha. Lower stretch: properties 12 to 16 to the city of
Sapiranga; properties 27 to 29 to the city of Nova Santa Rita;
property 30 to the city of Sdo Leopoldo; and properties 31 to 34 to
the city of Campo Bom

Governo do RS - EMATER/RS), which is an institution
that has the goal to promote sustainable rural develop-
ment in the State of Rio Grande do Sul. Because of this,
the selected rural proprieties are in sites where projects
have been carried out by EMATER.

2.2 E. coli Detection and Quantification
Detection and quantification of E. coli were performed
using the Colilert® (IDDEX) kit, following the manu-

facturer’s instructions. In the cases where the most
probable number (MPN) of bacteria exceeded the

@ Springer



63 Page 4 of 14

Water Air Soil Pollut (2021) 232: 63

Table 1 The density of human and animal population of research participant municipalities of the different stretch of the Rio dos Sinos

Basin
Stretch of BHRS Municipalities Human and animal population
*Human **Bonive **Suine **Avian
High Caraa 7312 899 474 849
Santo Antonio da Patrulha 39685 2233 738 1403
Rolante 19485 618 468 695
Riozinho 4330 160 191 257
Taquara 54643 1003 578 1003
Total 5 municipalities 78458 4913 2449 4207
Middle Ararica 4864 41 21 36
Igrejinha 31660 263 198 289
Total 2 municipalities 36524 304 219 325
Lower Sapiranga 74985 148 80 139
Nova Santa Rita 22716 265 76 175
Sao Leopoldo 214087 35 27 46
Campo Bom 60074 55 35 65
Total 4 municipalities 135059 503 218 425
*IBGE (2010b)
**IBGE (2017)

detection limit of the method, the samples were diluted
within 24 h after collection, and the technique was
applied again.

2.3 Viral Concentration by Ultracentrifugation
and Nucleic Acid Extraction

All water samples were concentrated by ultracentrifuga-
tion method (Girardi et al. 2018). Aliquots of 36 mL
were centrifuged (Sigma® 3-30KS equipment, Germa-
ny, rotor 12150-H) at a speed 0f 41.000Xg, at 8°C for 3
h. After this step, the precipitates were resuspended and
vigorously homogenized in the vortex for 1 min with 1
mL of Tris-EDTA buffer (pH 8.0). The DNA of con-
centrated samples were extracted using the BioPur® Kkit,
following the instructions of the manufacturer. The final
elution (60 pL) was performed in nuclease-free
microtubes.

2.4 Detection and Quantification by Real-Time
Polymerase Chain Reaction (QPCR)

Two different qPCR reactions were performed: first,

using the VTB1 oligonucleotides pair targeting
HAdV-F and, second, using the VTB2 oligonucleotides
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pair targeting HAdV-C (Table 2). For a final reaction
volume of 25 uL, 12.5 uL. of SYBR® Green SuperMix
(Invitrogen™ Platinum® SYBR® Green qPCR
SuperMix-UDG), 5.5 uL nuclease-free water, 1 uL of
each of each pair of oligonucleotides and 5 puL of
extracted DNA. The conditions of the gPCR were an
initial incubation of 2 min at 50°C, 10 min at 95°C, 45
cycles of 20 s at 95°C for denaturation, and 1 min at
55°C for annealing. After this step, a denaturing curve
was made to check the specificity of the amplification
products (melting step between 55 and 95°C). The
sensitivity of the reactions was 6.2x10" gc/5 uL (Dalla
Vecchia et al. 2015). The assays were performed in 96-
well plates, and all samples were tested in duplicates,
including negative controls and a five-point standard
curve formed by serial dilution of positive control with
known quantification. When required, the samples were
diluted 1:10 (DNA) in nuclease-free water in order to
reduce the PCR inhibitory substances present in the
samples.

2.5 Detection and Quantification by Multiplex qgPCR

The multiplex qPCR was performed using the AdV
oligonucleotides pair with HAdV, CAV, BAdV, PAdV,
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and AvAdV targets (Table 2). The volume and concen-
tration of reagents were same used in qPCR, as well as
the qPCR conditions; however, the annealing tempera-
ture was 58°C. The identity of final PCR products was
confirmed by high resolution melting curves (HRM).
The melting temperatures of each species of AdV are as
follows: HAdV (88 °C), BAV (85.5 °C), PAdV (83.5
°C), CAV (82 °C), and AvAdV (80.5 °C) (Luz et al.
2015).

2.6 Detection by Nested Polymerase Chain Reaction

Nested polymerase chain reaction (nested PCR) was
performed to detect the presence of the AdV genome
of different hosts. To a final volume of 50 pL, it was
used 25 uL of Master Mix (GoTaq® Colorless Master
Mix - PROMEGA), 18 pL nuclease-free water, 1 puL of
each oligonucleotide (Pol-F 5'-CAGC
CKCKGTTRTGYAGGGT-3" and Pol-R 5'-
GCHACCATYAGCTCCAACTC-3"), and 5 pL of ex-
tracted DNA. Assay conditions were an initial incuba-
tion step at 94°C for 5 min, 40 cycles of amplification
were carried out, consisting of denaturation for 30 s at
94°C, annealing at 50°C for 30 s (—0.5°C per cycle), and
extension at 72°C for 1 min and a final extension stage
at 72°C for 10 min. The second PCR reaction was

Table 2 Oligonucleotide used to perform qPCR and multiplex gPCR

performed using the same reagents and quantities of
the first step, as well as the amplification cycles, but,
just replacing the oligonucleotide pair using in the sec-
ond the Pol-nF 5'-GGGCTCRTTRGTCCAGCA-3" and
Pol-nR 5-TAYGACATCTGYGGCATGTA-3', and
the 5 uL of extracted DNA that was replaced by the
first PCR products (Li et al. 2010). At the end of the
second amplification, the products were submitted to
2% of agarose gel electrophoresis with 0.5 mg of
ethidium bromide/mL. And the molecular sizes of the
products were compared to a DNA standard of 100 bp
(Ludwig). After those amplicons were visualized, they
were purified using a QiaQuick DNA purification kit
(Qiagen) and sent to sequencing.

2.7 Genetic Sequencing and Phylogenetic Analysis

The DNA sequencing of amplicons obtained from
nested PCR was performed by the Sanger method. To
identify the DNA fragments, nucleotide sequences were
assembled using the CAP3 computer program imple-
mented in the BioEdit 7.0.5 suite. This way, the obtain-
ed sequences were compared with other nucleotide frag-
ments available in GenBank according to the neighbor-
joining methodology (Saitou and Nei 1987). After-
wards, the phylogenetic tree was elaborated from the

Target Oligonucleotides ~ Sequences 5'—3' Position Product Melting curve by species (°C)
name length
(bp")
*HAdV-F  VIBI-HAdVFf GCCTGGGGAACAAGTTCAGA 336-355 137 86.5
(HAdV ~ VIB1-HAdVFr GCGTAAAGCGCACTTTGTAAG 453-473
40, 41)
Hexon gene
*HAdV-C  VTB2-HAdVCf GAGACGTACTTCAGCCTGAAT 106-126 101 86.5
(HAdV 1, VTB2-HAdVCr GATGAACCGCAGCGTCAA 190207
2,5,6)
Hexon gene
**HadV;  ADV-FI CAGTGGTCGTACATGCACAT 4-23 130 HAdV-88; CAV—82; BAdV—85.5;
CAV ADV-R1 TCGGTGGTGACGTCGTGG 67-86 PAdV-83.5; AvAdV—80.5
1-2;
BAdV;
PAdV;
AvAdV
Hexon gene

*Wolf et al. (2010) used in two different reactions of qPCR
**Luz et al. (2015) used in a reaction of multiplex qPCR

! Base pair
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calculation of evolutionary distances using the Kimura-
parameter 2 method (Kimura 1980) and using Molecu-
lar Evolutionary Genetics Analysis version 5 (MEGAS)
software (Tamura et al. 2007).

2.8 Detection of HAdV Viability by Integrated Cell
Culture Quantitative PCR

To detect the presence of infectious viruses in the
samples, lineage cell A549 (human lung carcinoma)
was used based on its permission to HAdV; such
cells were maintained on Eagle’s minimum essential
medium (E-MEM), supplemented with 10% fetal
bovine serum (FBS) and 1% penicillin-
streptomycin (10,000 TU/mL-10 mg/mL). Cells
were cultured in 24-well plates, and after approxi-
mately 24 h, the supernatant E-MEM was removed
and replaced with 200 pL of the concentrated water
samples previously diluted (1:2) with E-MEM and
filtered with a membrane of 0.22 uL. The plates
were kept in incubator for 2 h with uniform stirring
every 15 min. After this incubation period, the in-
oculum was removed, and 1 mL of cell maintenance
medium was added, but without FBS. Plates were
maintained in incubator at 37°C with 5% CO, atmo-
sphere for 5 days, and after this period, the plates
were frozen at —80°C. For the second passage in
cells, the plate from the first passage was thawed
three times, and the previous process procedure was
repeated, except for the filtering step, as this time
the inoculum used was 200 uL of the result of the
first passage. This process was repeated until the
third passage. To assess whether there were viable
particles, the first and the third passage samples
were treated with DNAse. Subsequently, the same
samples were submitted to the extraction of the
nucleic acids and to qPCR using the oligonucleotide
pair VIB1 and VTB2 for the detection of HAdV
genomes.

2.9 Comparison HAdV Detection Techniques

A Venn diagram was elaborated in order to obtain the
best view of different results obtained with three differ-
ent tests; the three tests are able to detect HAdV. For
that, only the results that used AdV, VTB2, and
DNApol oligonucleotides were considered.
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3 Results
3.1 E. coli

E. coli was an indicator most abundant in this study; in
groundwater samples, the detection rate was 63% (54/
86), ranging from 01 to 1.99x10> MPN/100 mL. In
surface water, E. coli was detected in 68% (26/38) of
the samples with the counting ranging from 05 to
4.35x10" MPN/100 mL.

3.2 Viral Analyses in Groundwater and Surface Water
Samples

In groundwater HAdV was the viral indicator with the
higher detection rate, which was present in 49% of the
samples. In those positive samples, the minimum quan-
tification was 9.40x 10* genomic copies per liter (gc/L),
and the maximum quantification was 4.51x10'° gc/L,
followed by CAV 20% (5.85x107-5.54x10'" gc/L),
AVAdV 15% (9.07x10°-6.52x10% gc/L), BAAV 17%
(7.02x10°-3.57x10° gc/L), and PAAV 03% (9.07x10°—
2.92x10% gc/L) respectively (Fig. 2). In the surface
water samples, HAdV was presented with the highest
occurrence as well, being detected in 45% with quanti-
fication between 5.81x10> and 1.55x10'° gc/L, follow-
ed by CAV 39% (4.13x107-1.55x10'° gc/L), BAAV
29% (1.65%107—1.55x10'° g¢/L), and finally, with the
lowest detection rate, PAdV and AvAdV, where both
were found in 13% ( 2.85x10%-2.74x10° gc/L and
7.38x107-9.77x10° gc/L, respectively) (Fig. 2). In Fig.
2 it is possible to observe the different detection rates
and the quantification of the viral indicators comparing
them with E. coli in groundwater and surface water from
different stretches of BHRS, and in Table 3, there are the
absolute and the detection rate of positive samples.

3.3 Phylogenetic Analysis

The phylogenetic analysis demonstrated that were found
three different species of AdV (HAdV-C, HAdV-F, and
BAdV), both belonging to the Mastadenovirus genus,
being the C species the most predominant (Fig. 3).

3.4 Viral Infectivity Analysis
In groundwater samples, it was possible to observe 10/

86 (11.6%) infectious samples, being five in the first
passage in cells and six in the third passage. However,
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Fig. 2 In a it is possible to observe different detection rates in
groundwater and surface water of the viral indicators comparing
them with E. coli. In b, ¢, and d, the quantification minimum (dark

only one sample of the first passage remained infectious
in the third passage as well. In surface water, the total of
infectious samples were 07/38 (18.4%), but only two
samples were infectious in the first passage and five in
the third. None of the samples of the first passage
remained infectious in the third passage (Table 4). There
were infectious samples only for HAdV-C, none of the

gray), maximum (light gray), and de geometric mean (diamond) in
high, medium, and low stretch of Rio dos Sinos Basin,
respectively

samples was infectious for HAdV-F, and no infectivity
tests for animal viruses were performed. Only one sam-
ple was detected after the third passage with 3.81x10?
gc/Sul and in the tenth passage the quantification was
1.35x10". The isolate LMM 2836 did not provide any
cytopathic effect despite being detected by molecular
techniques.

Table 3 The detection ratio in all stretches and in each stretch of BHRS

Sinos Stretches  E. coli HAdV BAdV PAdV CAV AvAdV
Groundwater  All stretches 54/86  63% 42/86 49% 15/86 17% 03/86 03% 17/86 20% 13/86 15%
High 26135 74% 1735  48% 06/35 17% 01/35 03% 09/35 26% 08/35 23%
Medium 0920  45% 11/20  55% 02/20 10% 01/20 05% 0220 10% 0020 0%
Low 1931  52% 14/31 45% 07/31 22% 01/31 03% 06/31 19% 0531 16%
Surface water  All stretches 26/38  68% 17/38  45% 11/38  29% 05/38 13% 1538 39% 05/38 13%
High 12/14  86% 0814 57% 08/14 57% 00/14 0% 07/14  50% 03/14 21%
Medium 05/08 63% 02/08 25% 01/08 13% 01/08 13% 02/08 25% 01/08 13%
Low 09/16  56% 07/16 44% 02/16 13% 04/16 25% 06/16 38% 01/16 06%
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Fig. 3 Phylogenetic analysis of AdVs. Neighbor-joining tree was
built using AdV sequences obtained through Sanger sequencing
and the reference strains from the NCBI GenBank database. The

3.5 Comparison for HAdV Detection Techniques

The reaction that obtained the highest number of posi-
tive samples for HAdV was the one used in the AdV
oligonucleotide pairs, totaling 32 (26%) positive sam-
ples, followed by the reaction using the DNApol oligo-
nucleotide pairs and detected 26 (22%) positive samples
and lastly the reaction with the VTB2 oligonucleotide
pairs which obtained 21 (17%) positive samples.

4 Discussion
E. coli was the indicator most abundant found in the

samples; however, the concentration of E. coli was
determined using the Colilert® (IDDEX); this way,
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700 | AF061654(BovineAdV3) J BovineAdv

samples analyzed in this study are highlighted with a diamond for
groundwater and a square for surface water. Bootstrap values are
indicated at each tree root

only viable bacterium could be detected. In this
study, of the 32 negative samples for E. coli, 21
(66%) were positive for one or more viral indicators
in groundwater samples. In surface water, all the
samples (12) that were negative for E. coli have
detected some type of viral indicator. Here, it is
not possible to compare the MPN with the unit of
measure (genomics copies) used for viral quantifica-
tion. However, the results of this study corroborate
the findings in others that have been shown that the
use of bacterial indicators alone is not enough to
attest to the microbiological quality of water, be-
cause there is no correlation between the presence
of E.coli and enteric viruses (Dalla Vecchia et al.
2015; Peteffi et al. 2018; Skraber et al. 2004). Al-
though, using E. coli in combination with viral
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Table 4 Infectivity analysis of HAdV-C quantification in g¢/5uL through qPCR using the VTB2 oligonucleotides pair

Samples Cell passages Samples Cell passages
#]st #43rd #]st #43rd

Groundwater LMM 2799 1.29x10* Surface water LMM 2798 1.27x107

LMM 2805 1.84x107 LMM 2804 1.90x10?

LMM 2819 6.81x10> LMM 2830 2.43x107

LMM 2862 9.06x10? 4.40x107 LMM 2871 3.71x10?

LMM 2864 3.81x107 LMM 2832 8.67x10°

LMM 2865 2.83x10° LMM 2863 3.81x10?

LMM 2866 3.54x107 LMM 2959 3.79x107

LMM 2953 1.29x10*

LMM 2967 4.15x10°

LMM 2968 1.66x10°

*Represents the first passage in cells

**Represents the third passage in cells

indicators can be a great strategy for the most com-
plete microbiological water monitoring.

In rural regions, groundwaters are the main sources
of water used to drink and other household purposes
(such as cleaning, bathing, and cooking). Even if pre-
ventive measures as representative evaluation of water
quality are rarely taken (Guo et al. 2011), there is still a
belief that the groundwaters from rural environments are
safer and free of pathogenic microorganisms; this way,
it is often considered potable for human consumption
(Amaral 2004). However, besides the high rate of . coli
(63%), the HAdV was detected in almost half the sam-
ple. This is a risky situation because the detection rates
of genomic copies were sometimes higher than the rates
found in surface waters and the number of genomic
copies was very similar in both matrices, being the
maximum difference of just one log.

The dissemination of enteric pathogens in groundwa-
ter can occur due to the displacement of the virus from
septic tanks (Futch et al. 2010). However, it is known
that the safe distance from wastewater disposal to aqui-
fers is difficult to be reached, as demonstrated by
Blaschke et al. (2016), who in assessing small biological
effluent systems in decentralized locations without ac-
cess to sewage systems, they observed that for a reduc-
tion of up to 12 logs of the total number of enteric
viruses, the horizontal setback distance ranges from 39
to 144 m in sand aquifers, 66 to 289 m in gravel

aquifers, and from 1 to 2 m, Skm in coarse gravel
aquifers.

Due to the lack of basic sanitation services in rural
areas, it is observed that the direct disposal of waste in
streams by rudimentary channeling and the use of septic
tanks in households are rare (Spilki et al. 2013). These
facts explain the high detection rate found in the studied
regions and underlie the high concentration of genomic
copies that were detected, since, in this study, the geo-
metric mean resembles the concentration of wastewater
and sewage samples from the developed countries
(Dong et al. 2010; Fong et al. 2010). However, in Brazil,
it was not the first time that these concentrations were
observed in surface water. In the city of Rio de Janeiro,
the concentration of HAdV-C was up to 107 gc/L
(Staggemeier et al. 2017), and in the surface water
streams from BHRS region, it was already detected
concentration up to 3.28x10% gc/L (Peteffi et al. 2018).

HAGdV was the viral indicator most abundant show-
ing a mean rate of detection in surface water and
groundwater of 45%. Considering the 11 municipalities
of this study, the human population overcomes the
production animal population. Even though a rural area,
this area is characterized by only small farms and mod-
est animal production. The animal population is only
greater in the upper stretch (Table 1). In the high
stretch’s groundwater, the HAdV was detected in 50%
of the samples; although it is expected to lower levels of
human origin contamination in areas that have the
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lowest population density, as it is the case of the high
stretch of the Basin, the great impact of poor sanitation
in this region can change that (Spilki et al. 2013). This
situation was already observed in a previous study; on
assessing groundwater from the in the same stretch, it
was found a detection rate of 83% for HAdV
(Staggemeier et al. 2015).

Among the viral indicators from animal origin, CAV
was with the highest detection rate that can be explained
by the high presence of domestic animals, in which,
especially, dogs have been considered a reservoir for
many infectious agents and it is believed that they are
more affected than the wild animals (Fiorello et al.
2004). The dogs are closely associated with the presence
of humans and are often found in high numbers in rural
properties; therefore, their proximity disturbs the natural
habitat of wild species. Given that the great detection
rate of CAV found in surface water shows that this virus
circulates in this region, often occurring infections in
subclinical forms in domestic species, but it can be fatal
in wild populations. Because the viral agents may travel
large distances, until reaching wildlife habitats and be a
threatening for these species and conserving biodiversi-
ty, the lack of antibodies in wild canids can lead to
increased mortality and lower fertility when they are
exposed to this viral agent (Cleaveland et al. 2000; de
Almeida Curi et al. 2010; Fiorello et al. 2004).

BAdV was found in an expressive form in surface
water, mainly in the high stretch (50%), and it was
expected because this region is represented by small
dairy and by poor sanitation strategies. In the five mu-
nicipalities from this region, there is a bovine population
of almost 5 thousand cattle heads (Table 1). However,
research on its presence in environmental samples are
still limited, even knowing that this virus is ubiquitous
in cattle and its occurrence can cause everything from
subclinical infections to abortion and cardiopathies
(Spilki et al. 2009; Wong and Xagoraraki 2010). A
common practice in the rural environment is to use the
cattle manure as fertilizer, but this can be a dangerous
practice. In this regard, Wong and Xagoraraki (2010)
found significant levels of BAdV in manure, feces, and
drainage water, which may indicate a high potential for
surface water pollution by manure when applied to
agricultural fields. The indicators of avian and porcine
origin were the ones with the lowest detection rate. This
occurrence can be because of the production of these
animals which is not the main activity in this region, as
the example, the pig farming that is mainly concentrated

@ Springer

in the Northeastern and Eastern central region of the
State of Rio Grande do Sul (IBGE 2017)

Overall, the majority of AdV from animal origin had
a higher detection rate in surface water. These water
matrices have been suffering a sharp deterioration in
their quality through diffuse sources that are difficult
to identify in order to adequate management and reme-
diation planning. Among them, urban, forest, and live-
stock runoff, the latter, occurs mainly through livestock
and other animal access to rivers and streams as well as
their solid waste (Amaral 2004; Knappett et al. 2012;
Staggemeier et al. 2015). In rural areas, these situations
are accentuated because the use of biodigesters has not
been widely adopted yet, being common the use of
landfills and direct disposal of wastewater in the soil
and water resources (Amaral 2004; de Oliveira et al.
2012; Spilki et al. 2013).

Phylogenetic analysis was possible to observe the
predominance of HAdV-C, corroborating with other
studies that showed that this specie is often found in
environmental samples (Gularte et al. 2019; Lin and
Singh 2015; Staggemeier et al. 2017). The performance
of Sanger sequencing reduces a possible diversity when
there is a specie most abundant in a sample because this
method consistently identifies the most abundant se-
quence (Paul et al. 2018). In the HAdV-C sample pos-
itives, the majority of their strains are almost identical,
and it can be explained because of the oligonucleotides
used in this study amplification in the region encoding
the DNA polymerase. It is well known that those genes
are highly conserved between all HAdV-C (Dhingra
et al. 2019).

For the viruses of human origin, it was performed the
detection of viral viability, and considering the first and
third passages in cells from groundwater and surface
water, the rate of samples that presented HAdV viable
was 13.7% (17/124). In the surface waters of the city of
Rio de Janeiro, in Brazil, the rate of samples with
infectious particles of HAdV was 17% (Staggemeier
et al. 2017). These values are lower than those seen in
tap water intended for human consumption in Korea,
where the rate sample with of the HAdV infectious
particles was 39.1% (Lee and Kim 2002). However,
even with a low viability rate found in this study, one
should not discard the risk. Because the viruses evalu-
ated are wild and sometimes they cannot adapt to cell
culture, this can generate false-negative results. In addi-
tion, from 17 infectious samples, it was possible to
isolate only one, namely, the isolate LMM
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2863(HAdV-C). Probably, in other samples, the HAdV
was below the detection limit of qPCR, but this evidence
shows that it is difficult to adapt wild viruses in cell
culture.

With many available methods to detect viruses in
water, it is difficult to know which test is the most
appropriate, given that the result values may double
when used a set of technics instead of only one. In this
study, analyzing each reaction individually, the differ-
ences among them do not seem so big, but considering
the three reactions, the number of positive samples is 58
(47%). This is because within the three reactions that
can detect HAdV genome, 41 samples were positive
individually just in one reaction, 12 in two reactions,
and only four samples were positive in three reactions,
as demonstrated in Fig. 4. In addition, after submitted
negative samples to cell culture, nine samples that were
negative before passage in cell culture became positive.
This can be explained by two hypotheses: (a) the virus
was able to replicate in vitro and exceeded the minimum
threshold of the gPCR technique, and (b) it was possible
to reduce the number of qPCR reaction inhibitors after
the sample passage in the cell. Therefore, out of a total
of 124 samples, 67 (54%) were HAdV positive. HAdV's
(46.7%) detection rate is of considerable value. Howev-
er, this number could be obtained only because it was
used for more than one technique and, in addition,
different pairs of oligonucleotides with the same target
(HAdV) were used, but with the different annealing
regions. By the way, by doing the samples water pas-
sages at cells, followed by molecular detection, it was
possible to observe that the number of positive samples

Fig. 4 The left image shows the

became more expressive (54%). In this comparison, the
VTBI oligonucleotide pairs were not considered be-
cause in this essay, only one sample was positive.

5 Conclusion

To detect and identify different species of AdV can
contribute to models for microbial source tracking. As
in this study, it was possible to observe that the biggest
contamination occurred by human, canine, and bovine
origin; thus, those data may help to manage plans for
river basins. In this research, the detection rate of infec-
tious samples was not so expressive, but it is dangerous
to say that those water present no risk health infection,
as a high concentration of genomic copies has been
found and it is already expected that some viruses from
environment do not adapt to cell cultures. In addition,
these results demonstrate that rural areas deserve more
attention from government agencies because it is evi-
dent that basic sanitation is neglected in these locations.

Finally, AdVs are considered excellent candidates to
be used in conjunction with current indicators; however,
there is not a standard protocol yet. The differences in
the results found using different protocols to detect
HAdV show an important variation in the detection.
Thus, it is necessary more research about sensibility
tests among the different techniques used to detect
HAGJV in environmental samples, to verify if the diver-
gence among the detection is in the protocols or in the
sample quality, as well as to find a procedure that is fast

VTB2 (qPCR)

percentage and number of
positive samples for one or more

(46.7%)

58 positive samples

21 (17%) positive samples

66 negative samples
(53.3%)

of the three tested
oligonucleotides. And in the right,
the Venn diagram shows the
combinations between the
reactions

O 41 positive samples in only
areaction (01/03)

Q 13 positive samples in two
reactions (02/03)

‘ 04 positive samples in
three reactions (03/03)

p————— 124 amostras —

ADV (Multiplex qPCR)
32 (26%) positive samples

DNApol (Nested PCR)
26 (22%) positive samples
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and reliable and that outweighs the disadvantages of
using only one diagnostic tool.
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