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Abstract

Human bocavirus (HBoV) infections are related to respiratory and gastroenteric diseases. The aim of this study was to inves-
tigate the presence of HBoV in both sewage and surface waters in Uruguay. Sixty-eight sewage samples from the cities of
Salto, Paysandd, Bella Unién, Fray Bentos, Treinta y Tres and Melo and 36 surface water samples from the cities of Salto,
Florida and Santa Lucia were studied. HBoV was screened by multiplex qPCR for the detection of the four subtypes, followed
by monoplex gPCRs for the independent quantification of each subtype. A qualitative PCR followed by DNA sequencing and
phylogenetic analysis was carried out for molecular characterization of HBoV strains. HBoV was present in a high frequency
(69%) in sewage and only one positive sample (3%) was found in surface water. Concerning sewage samples, HBoV1 was
detected in 11 (23%) out of the 47 positives samples, with a mean concentration of 8.2 x 10* genomic copies/Liter (gc/L),
HBoV3 was detected in 35 (74%) of the positive samples with a mean concentration of 4.1 x 10° gc/L and subtypes 2 and/
or 4 were detected in 39 (83%) of the positive samples with a mean concentration of 7.8 x 10° gc/L. After the phylogenetic
analysis performed by a Bayesian approach, the four HBoV subtypes were confirmed. This is the first study determining a
high frequency of HBoV and the presence of the four HBoV subtypes in aquatic matrices in Latin America, mainly in sew-
age. Although HBoV was scarcely detected in surface water, a waterborne transmission is likely to occur if people enter in
contact with polluted surface waters for recreational activities such as fishing or swimming since an elevated frequency of
HBoV was detected in raw sewage which is usually directly discharged into surface waters.
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Introduction respectively) and two structural (VP1 and VP2 in ORF3)

proteins (Guido et al. 2016).

Human bocaviruses (HBoV) are non-enveloped viruses with
an icosahedral capsid belonging to the family Parvoviridae,
subfamily Parvovirinae, genus Bocaparvovirus. The genome
is composed by a negative sense single-stranded DNA of
5.3 kb with three open-reading frames (ORFs) which cod-
ify two non-structural (NS1 and NP1 in ORF1 and ORF2,
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HBoV strains are genetically classified into four subtypes:
HBoV1, 2, 3 and 4. HBoV1 was the first detected in 2005
from samples of the respiratory tract (Allander et al. 2005)
and is commonly associated with respiratory infections
and diseases. Subtypes 2, 3 and 4 were initially detected
in human stool samples (Arthur et al. 2009; Kapoor et al.
2009, 2010) and are associated with gastrointestinal infec-
tions. Previous studies have reported the presence of HBoV
in up to 63% of the stool specimens analyzed, estimating a
mean global prevalence of 6% in gastrointestinal infections
(Guido et al. 2016).

Concerning HBoV dissemination into the environment,
there are studies documenting the presence of HBoV in
surface water (37-40%) and sewage (60-93%) worldwide
(Blinkova et al. 2009; Hamza et al. 2009; Bibby and Pec-
cia 2013; Myrmel et al. 2015; Iaconelli et al. 2016; Hamza
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et al. 2017; La Rosa et al. 2017). The presence of HBoV
in environmental waters in Latin America is unknown
although several studies performed in this region evidenced
the presence of HBoV in fecal specimens from children with
gastroenteritis and suggested a causative role for HBoV in
gastrointestinal manifestations observed in acute respira-
tory infection patients in Brazil (Albuquerque et al. 2007;
Proenca-Modena et al. 2011).

Several enteric viruses (Aichivirus, Astrovirus, Norovi-
rus and Rotavirus) have been studied in sewage in Uruguay
(Victoria et al. 2014, 2016; Burutaran et al. 2015; Lizas-
oain et al. 2015; Tort et al. 2015). However, the presence
of HBoV is unknown in our country. Therefore, the aim of
this study was to determine the frequency, viral concentra-
tion and molecular characterization of HBoV through the
analysis of both sewage and surface water from Uruguay,
as a useful approach to describe HBoV strain circulation in
the local population where the environmental samples were
collected.

Materials and Methods
Collection of Samples

Sewage samples (42 mL each) were collected in four cities
(Bella Unidn, Salto, Paysandid and Fray Bentos) in the north-
western region and two (Melo and Treinta y Tres) in the
eastern region of Uruguay. Salto, Paysandd and Fray Bentos
discharge raw sewage directly to the Uruguay river which is
the most important river of the country as previously men-
tioned by Victoria et al. (2014); on the other hand, Bella
Unidn treats its sewage by a stabilization pond. Both cities
located in the eastern region present a Sewage Treatment
Plant with activated sludge treatment followed by ultraviolet
(UV) disinfection. In all the cities, raw sewage was collected
with the exception of Bella Unién where effluent samples
were collected.

Sewage samples were collected fortnightly between
March 2011 and February 2012 in the cities located in the
northwestern region of the country as described by Victoria
et al. (2014). For this study, these samples were pooled to
obtain one sample per month in each city. Sewage samples in
Melo and Treinta y Tres were collected bi-monthly between
September 2011 and April 2013.

Surface water samples (500 mL each) were collected
monthly in Uruguay river, downstream to Salto and in Santa
Lucia river (southern region of the country), downstream
to Florida and Santa Lucia cities between June 2015 and
May 2016. It is worth mentioning that Santa Lucia river
is the source of drinking water for Montevideo (1,318,755
inhabitants), the capital of Uruguay located downstream of
this basin.
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Viral Concentration and Nucleic Acid Extraction

Sewage samples were subjected to ultracentrifugation
method to perform the viral concentration as previously
described in Victoria et al. (2014) and Tort et al. (2015).

Concentration of viral particles from surface water sam-
ples was performed by adsorption and elution to a nega-
tively charged membrane (Katayama et al. 2002; Haramoto
et al. 2009).

Nucleic acid extraction was performed with the QIAmp
Cador Pathogen mini kit (QIAGEN®, Hilden, Germany)
according to the manufacturer’s instructions.

Screening and Quantification of HBoV

Screening and quantification of HBoV was performed by a
multiplex quantitative PCR (qPCR) with TagMan® technol-
ogy, which detects the four HBoV subtypes (Kantola et al.
2010). Positive samples by this multiplex qPCR were ana-
lyzed for each subtype by monoplex qPCRs for subtypes 1
and 3 and by a multiplex qPCR for subtypes 2 and 4 (Kan-
tola et al. 2010). The nucleic acid of negative HBoV sam-
ples was diluted tenfold and subjected to qPCR reactions
to overcome the presence of inhibitors. Primers and probes
were directed towards the 5’ untranslated region (UTR) and
the 5’ region of the NS1 gene of HBoV genome (Kantola
et al. 2010). Reactions were performed in duplicate accord-
ing to manufacturer’s recommendations with SensiFast™
IT Probe Kit (Bioline Reagents Ltd.) and a Rotor-Gene Q
instrument (QIAGEN®, Hilden, Germany) (Table 1).

One HBoV genome fragment amplified by quantitative
PCR for each subtype was cloned into a plasmid and con-
firmed by sequencing to generate four standard curves to
quantify all HBoV subtypes. Standard curves were con-
structed with eight points of tenfold serial dilutions of
plasmid (107 to 10° genomic copies/reaction) that yielded
slopes of — 3.66, — 3.21, — 3.34, — 3.73 and reaction
efficiencies of 0.88, 1.05, 0.99, 0.85 for multiplex qPCR,
monoplex of HBoV1, monoplex of HBoV3 and multiplex
of HBoV2/4, respectively. The coefficient of correlation
(R%) was 0.99 for all gqPCR reactions.

HBoV Molecular Characterization

Positive samples detected and quantified by qPCR were
subjected to amplification by a qualitative nested PCR for
molecular characterization of HBoV Uruguayan strains as
described by Iaconelli et al. (2016) and La Rosa et al. (2015).
Both sets of primers target the VP1-VP2 region of the HBoV
genome with an expected amplicon of 382 bp (Table 1).
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Table 1 Primers used in this study

Molecular assay Primer ID or probe (5'/3', labels) Sequence (5'-3") Reference Genome region
gqPCR? HBoVI1F(+) CCTATATAAGCTGCTGCACTTCCTG Kantola et al. (2010)  5'UTR-NS1
HBoVIR(-) AAGCCATAGTAGACTCACCACAAG
HBoV234F(+) GCACTTCCGCATYTCGTCAG
HBoV3R(-) GTGGATTGAAAGCCATAATTTGA
HBoV24R(-) AGCAGAAAAGGCCATAGTGTCA
Probe (FAM/BHQ1) CCAGAGATGTTCACTCGCCG
Nested PCR HBoV2-3-4 HBoV 234F1(+) GAAATGCTTTCTGCTGYTGAAA LaRosaetal. (2015) VP1-VP2
HBoV 234R1(-) GTGGATATACCCACAYCAGAA
HBoV 234F2(+) GGTGGGTGCTTCCTGGTTA
HBoV 234R2(—-) TCTTGRATTTCATTTTCAGACAT
Nested PCR HBoV1 HBoV 1F1(+) GAAATGCTTTCTGCTGYTGAAAG  Iaconelli et al. (2016) VP1-VP2
HBoV IR1(-) GTGGAAATCCCCACACCAGAT
HBoV 1F2(+) GGTGGGTGCTGCCTGGATA
HBoV 1R2(-) TCTTGAATGTCAGTGTCAGACAT

*For multiplex qPCR all primers were added in the same reaction. For monoplex gPCRs the following combination of primers were used for
each subtype, HBoV1: HBoVIF-HBoV1R; HBOV3: HBoV234F, HBoV3R; HBoV2/4: HBoV 234F, HBoV24R

(4+) Forward primer, (—) Reverse primer

Amplicons were purified using PureLink™ Quick Gel
Extraction and PCR Purification Combo kit (Invitrogen, Carls-
bad, California, United States) and sequenced by Macrogen
Platform (South Korea) in an ABI3730XL Genetic Analyzer
(Applied Biosystems, CA, USA). Sequences were edited with
SeqMan® Software (DNAstar Lasergene®) and aligned using
MUSCLE program (Edgard 2004) with reference sequences
obtained from the NCBI Database. Model that best adjusts to
the dataset was calculated using j-Model test program (Guin-
don and Gascuel 2003; Darriba et al. 2012). Phylogenetic trees
were constructed with a Bayesian approach using Mr. Bayes
program (Huelsenbeck and Ronquist 2001; Ronquist and
Huelsenbeck 2003) with 400,000 generations and a sample
frequency of 200.

Statistical Analyses

Statistical analyses were performed using the R software (R
Core Team 2013). Associations between positive HBoV sam-
ples and location, seasonality, and detected subtypes were car-
ried out using the Chi-squared test. p values were used as the
measure of association between the studied variables.

Results
HBoV in Sewage Samples
HBoV was detected in 69% (47/68) of the sewage sam-

ples analyzed. In the six studied cities, HBoV detection
ranged from 67 to 90%, except for Bella Unidn city, where

a frequency of 33% was observed in treated sewage, which
was significantly different (p = 0.02). Concerning HBoV
subtypes, HBoV2/4 were the prevalent, observed in 58%
of the analyzed samples, followed by HBoV3, which was
detected in 51% and HBoV1 which was detected in 16%
(Table 2). It is important to highlight that the frequency
of detection of gastroenteric subtypes (HBoV2/4 and 3)
were higher than the frequency of the respiratory subtype
(HBoV1) (p =0.003). All negative samples that were ten-
fold diluted and amplified for the detection of HBoV were
negative, which confirms the absence of inhibitors for the
enzymatic reactions.

Different subtypes were co-detected in 62% of the sam-
ples. In 2% of them subtypes 1 and 3 were co-detected
while 20% presented subtypes 1, 3 and 2/4, and 40% pre-
sented subtypes 3 and 2/4 (data not shown).

Concerning to the temporal distribution of HBoV in
sewage from the northwestern region of Uruguay, it was
observed that HBoV was detected throughout the year with
no clear pattern of seasonality (p = 0.43) (Fig. 1). Similar
results were observed from the analysis of the sewage sam-
ples collected in the eastern region (data not shown).

HBoV concentrations determined by qPCR identi-
fied HBoV1 as the subtype with the lowest concentration
(mean of 8.2 x 10* genomic copies/L (gc/L), ranging from
1.9 x 10* gc/L to 2.2 x 10° gc/L). Higher concentrations
were observed for subtypes frequently associated with gas-
troenteritis: HBoV3 presented a mean of 4.1 x 10° gc/L,
ranging from 4.9 x 10* to 2.5 x 107 gc/L and HBoV 2/4
presented a mean concentration of 7.8 x 10° gc/L ranging
from 1.2 X 10° to 8.1 x 107gc/L (Table 3).
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HBoV in Surface Water Samples

HBoV was detected in 3% of the analyzed surface water
samples (1/36). The HBoV-positive sample corresponding
to the Santa Lucia river was collected in Florida and belongs
to subtype 3 (Fig. 2), with a concentration of 2.7 x 10*
genomic copies/L.

Molecular Characterization of HBoV

Six out of eleven (54%) samples amplified by qPCR for
HBoV1 and 25 out of 47 (53%) samples that were ampli-
fied by qPCR for HBoV2/4 and/or 3 were successfully
sequenced. The most frequent subtype confirmed by phy-
logenetic analysis was HBoV3 with 12 sequences, followed
by HBoV2 with 11 sequences, 6 sequences were classified
as HBoV1 and 2 as HBoV4 (Fig. 2).

Table 2 Frequency of detection

. City (n*) HBoVs HBoV1 HBoV2/4 HBoV3
of HBoV and each subtype in . . . .
sewage samples collected in six Positives (%) Positives (%) Positives (%) Positives (%)
cities in Uruguay Bella Unién (12) 4(33) 0 (0) 4(100) 2 (50)
Salto (12) 8 (67) 0 (0) 7 (88) 4(63)
Paysandu (12) 8 (67) 2 (25) 4 (50) 4 (50)
Fray Bentos (12) 10 (83) 2 (20) 8 (80) 9 (90)
Treinta y Tres (10) 8 (80) 5(63) 8 (100) 7 (88)
Melo (10) 9 (90) 2 (22) 8 (89) 9 (100)
Total (n = 68) 47 (69) 11 (16) 39 (58) 35(51)

Fig. 1 Monthly distribution of
Human bocavirus-positive sew-
age samples (black bars) and
average of temperature (dash
line) in the northwestern region
of Uruguay between March
2011 and February 2012

“Number of samples collected in each city

Frequency of detection
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Table 3 Concentration of each HBoV subtype according to each analyzed city (expressed as genomic copies/Liter)

HBoV-1
Mean (minimum—maximum)

HBoV-2/4
Mean (minimum—maximum)

HBoV-3
Mean (minimum—maximum)

Bella Uni6én
Salto
Paysandua
Fray Bentos
Treinta y Tres
Melo

Total

ND
ND

4.37 x 10* (1.94 x 10* to 6.80 x 10%)
1.41 x 10° (5.83 x 10* t0 2.23 x 10°)
6.02 x 10* (1.94 x 10*to 1.55 x 10%)
1.17 x 10° (7.77 x 10* to 1.55 x 10°)
8.21 x 10* (1.94 x 10* t0 2.23 x 10%)

5.44 % 10°(2.91 x 10’ to 1.36 x 107)
8.85 x 10° (1.55 x 10° t0 2.23 x 107)
3.70 x 10° (2.04 x 107 to 1.36 x 107)
8.37 x 10° (4.86 x 10° to 4.37 x 107)
1.37 x 107 (1.17 x 10’ to 8.06 x 107)
3.36 x 10° (6.70 x 10° to 8.45 x 10%)
7.75 x 10° (1.17 x 10° to 8.06 x 107)

2.96 x 10° (9.71 x 10*t0 4.95 x 10°)
8.18 x 10° (1.17 x 10° to 2.04 x 109
1.03 x 107 (1.75 x 10° to 2.33 x 107)
7.33 x 10° (4.86 x 10* to 2.53 x 107)
2.64 x 10°(2.82 x 10° to 1.17 x 107)
1.68 x 10° (6.80 x 10* to 6.31 x 10%)
4.13 x 10° (4.86 x 10* to 2.53 x 107)

ND not detected
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Fig.2 Phylogenetic tree . ® TyT11 11 1 MF595992 ]
constructed by the Bayesian
method of HBoV detected ® TyT9 11 1 MF595993
in sewage and surface water #® TyT8 12 1 MF595994
in six Urugua}(/ian cities. Tged 10 ) TyTG 12 1 MF596017 HBoV1
sequences used corresponde
to the partial VP1/VP2 gene HOA565886 3 BoVt
(382 nts). The model that best @ PY6 11 1 MF595990
adjusted to the dataset was ® PY7 111 MF595991 |
HKY with gamma distribution. @ FB7 11234 MF595995
Reference strains are shown
with the corresponded accession @ SA10 11 234 MF595996
number and subtype. Names of # SA4 11 234 MF596006
Ur?gilllayan str.ains are COdedh # SA6 11 234 MF596008
as followed: city code-mont @ FB10 11 234 MF595998
and year of collection-primers
used in nested PCR-accession GU048664 HBoV2
. HBoV2
number-preceded by a black cir- ® PY1 12 234 MF596000
cle. BU Bell/a Unién, SA Salto, @ TyT4 13 234 MF596002
PY Paysandu, FB Fray Bentos, —
TyT Treinta y Tres, CL Cerro @ U4 11 234 MF596004
Largo (Melo) and FL Florida. @ FB12 11 234 MF596005
Only posterior values over 90% @ SAS 11 234 MF596007
are shown 99
® TyT11 11 234 MF595997 i
# CL10 12 234 MF596009
£|:\. CL6 12 234 MF596011 HBoV4
KC461233 HBoV4
~ # CL2 13 234 MF595999 T
- 4 CL2 12 234 MF596001
100 - 4 CL4 12 234 MF596003
- @ TyT9 11 234 MF596010
- @ BU5 11 234 MF596013
— @ FL7 15 234 MF596014
- 4 BU3 11 234 MF596015 HBoV3
— & PY11 11 234 MF596016
- @ FB9 11 234 MF596018
- @ SA3 11 234 MF596019
9 L @ PYT7 11 234 MF596020
L NC012564 HBoV3
@ FB1 12 234 MF596012
—
0.01
Discussion 2009; Bibby and Peccia 2013; Myrmel et al. 2015; Iaco-

As far as we know, this is the first report concerning the
detection, quantification and molecular characterization of
HBoV in Uruguay, as well as the first performed in sewage
and surface water in Latin America.

The results obtained in this study showed that HBoV
is frequently excreted by infected persons since a high
frequency (69%) was observed in the analyzed sewage
samples. This was in agreement with previous studies
performed in other regions of the world that reported
frequencies ranging between 59 and 93% (Blinkova et al.

nelli et al. 2016; Hamza et al. 2017).

HBoV was detected in all cities, with frequencies ranging
from 67 to 90%. Only Bella Unidn presented a significant
lower frequency of detection (33%), this could be because
these samples were obtained from the effluent of a sewage
treatment plant (stabilization pond). This kind of treatment
allows a moderate remotion of enteric viruses (generally less
than one log10-unit). Nevertheless, in our study, we were
unable to determine the removal efficiency of this pond since
no raw sewage sample was obtained (Verbyla and Mihelcic
2015).

@ Springer



198

Food and Environmental Virology (2018) 10:193-200

Sewage samples collected in the northwestern region of
Uruguay have been previously analyzed for several enteric
viruses evidencing frequencies ranging from 45 to 72%.
However, HBoV presented one of the highest frequencies
of detection (Burutaran et al. 2015; Tort et al. 2015; Lizas-
oain et al. 2015; Victoria et al. 2016). In this study, HBoV
was frequently detected in sewage samples but only once
detected in surface water. On the other hand, La Rosa et al.
(2017) observed a high frequency of HBoV in surface water
suggesting that this virus could be used as a viral indicator of
fecal contamination. Further studies are needed to determine
the frequency of this virus in both sewage and surface water
in other temperate regions of the world to confirm HBoV
as a viral indicator of fecal contamination (Lau et al. 2007,
Campe et al. 2008; Chhabra et al. 2013).

In this study, both the frequency of detection and con-
centration were higher for HBoV3, 2/4 than HBoV1. This
is likely to occur since subtypes 2, 3 and 4 are associated
with gastrointestinal infections, thus they could be repli-
cating in the epithelium of the gastrointestinal tract, while
HBoV 1 infects epithelial cells of the respiratory tract. It has
been suggested that HBoV1 once replicated in the respira-
tory tract can be swallowed together with nasopharyngeal
secretion and can be detected in stools or sewage with lower
titer than that observed in nasopharyngeal swabs (Proenca-
Modena et al. 2013). There is scarce information concerning
the concentration of HBoV in sewage worldwide. In our
study, we observed concentration values one log higher for
HBoV1, and two log higher for HBoV 2/3/4 when com-
pared with quantifications described by other studies (Myr-
mel et al. 2015; Taconelli et al. 2016; Hamza et al. 2017).
Although the waterborne transmission has not been proven
for HBoV, its elevated frequency and concentration in sew-
age samples suggest that this transmission route should not
be ruled out. Moreover, previous studies performed with
these sewage samples showed similar concentrations of
enteric viruses clearly associated with waterborne transmis-
sion such as rotavirus and norovirus (Victoria et al. 2014).

Despite a seasonal pattern has been described for HBoV
obtained from nasopharyngeal aspirates and stool sam-
ples (Choi et al. 2006; Nawaz et al. 2012), we have not
detected a seasonal pattern in this study. This observation
was confirmed statistically and is in agreement with results
obtained by other authors (Hamza et al. 2009; Iaconelli
et al. 2016; Hamza et al. 2017).

The presence of HBoV was also investigated in surface
water samples collected in two important rivers of Uru-
guay. A low frequency of HBoV was observed with only
one positive sample (3%) out of 36 analyzed. There are
only two studies where HBoV was analyzed in river sam-
ples which indicate higher frequencies than that observed
in our study (Hamza et al. 2009; La Rosa et al. 2017).
These differences in the frequencies of HBoV detection

@ Springer

can be observed since the previous studies used higher
volume of surface water to perform the viral concentra-
tion and the basin of these rivers are located in areas with
high population densities. The positive sample observed
in our study corresponds to HBoV3, however, results from
a previous study indicated that HBoV2 is the prevalent
in surface waters collected in rivers from Italy (La Rosa
etal. 2017).

Phylogenetic analysis was performed with 25 sequences
out of 47 positives samples for HBoV2, HBoV3 or
HBoV4, and 6 sequences out of 11 positives samples for
HBoV1. We were unable to obtain the sequence of 27 pos-
itive samples which can be due to the higher sensitivity of
gPCR when compared with qualitative conventional PCR.
However, studies comparing the sensitivity between qPCR
and Nested PCR for HBoV are lacking. The phylogenetic
tree showed that 12 sequences obtained in this study clus-
tered in the clade of HBoV3, 11 in the clade of HBoV2,
6 in HBoV1 clade, and 2 corresponded to HBoV4. These
results were statistically supported since these clades pre-
sent posterior values higher than 90%. Phylogenetic analy-
sis confirmed that samples that were positive by qPCR for
HBoV?2 or 4 corresponded mostly to subtype 2 with only
2 sequences belonging to subtype 4. These results were in
accordance with previous studies confirming that HBoV4
is rarely detected both in environmental (Myrmel et al.
2015; Iaconelli et al. 2016; Hamza et al. 2017) and clinical
samples (Kapoor et al. 2010; Kantola et al. 2010).

To the best of our knowledge, this is the first work
where the presence of HBoV was analyzed in Uruguay,
confirming an elevated frequency in sewage from all
the six studied cities. Although all the HBoV subtypes
described where detected in sewage samples, those sub-
types associated with gastrointestinal infections where
observed in higher concentration than HBoV1, which is
associated with respiratory infections. Taken together,
HBoV is frequently excreted by infected persons and is
present in sewage which suggests that a waterborne trans-
mission of this virus is likely to occur if sewage is dis-
charged in recreational waters, consumption water, water
for irrigation of crops and bivalve cultivation.
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