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Abstract The prevalence and genetic diversity of human

bocaviruses (HBoVs) in sewage water samples are largely

unknown. In this study, 134 raw sewage samples from 25

wastewater treatment plants (WTPs) in Italy were analyzed

by nested PCR and sequencing using species-specific pri-

mer pairs and broad-range primer pairs targeting the capsid

proteins VP1/VP2. A large number of samples (106,

79.1 %) were positive for HBoV. Out of these, 49 were

classified as HBoV species 2, and 27 as species 3. For the

remaining 30 samples, sequencing results showed mixed

electropherograms. By cloning PCR amplicons and

sequencing, we confirmed the copresence of species 2 and

3 in 29 samples and species 2 and 4 in only one sample. A

real-time PCR assay was also performed, using a newly

designed TaqMan assay, for quantification of HBoVs in

sewage water samples. Viral load quantification ranged

from 5.51E?03 to 1.84E?05 GC/L (mean value

4.70E?04 GC/L) for bocavirus 2 and from 1.89E?03 to

1.02E?05 GC/L (mean value 2.27E?04 GC/L) for boca-

virus 3. The wide distribution of HBoV in sewages sug-

gests that this virus is common in the population, and the

most prevalent are the species 2 and 3. HBoV-4 was also

found, representing the first detection of this species in

Italy. Although there is no indication of waterborne

transmission for HBoV, the significant presence in sewage

waters suggests that HBoV may spread to other water

environments, and therefore, a potential role of water in the

HBoV transmission should not be neglected.
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Introduction

Human bocavirus (HBoV) is a single-stranded linear DNA

virus belonging to the genus Bocavirus in the family

Parvoviridae. It was first identified in 2005 in respiratory

tract samples from children with clinical symptoms of

respiratory infections in Sweden (Allander et al. 2005) and

was later found, although less frequently, in stool samples

collected from patients with gastroenteritis worldwide

(Vicente et al. 2007; Arthur et al. 2009; Kapoor et al.

2009, 2010), suggesting that this virus is an enteric

pathogen, besides being a respiratory pathogen. HBoV is

responsible for a variety of symptoms and diseases, such as

rhinitis, pharyngitis, cough, dyspnea, wheezing, pneumo-

nia, acute otitis media, fever, nausea, vomiting, and diar-

rhea (Peltola et al. 2013). In immunocompromised patients,

severe clinical cases have been described (Sadeghi et al.

2013; Akturk et al. 2015).

Four species of human bocaviruses (HBoV-1, -2, -3, and

-4) are currently included in the Bocavirus genus (Kapoor

et al. 2010), with HBoV-1 more frequently detected in

clinical samples from patients with respiratory diseases, and

HBoV-2, -3, and -4 more frequently associated with gas-

trointestinal infections. Several studies support an associa-

tion of HBoV-1 with respiratory infections in children with

pneumonia, acute wheezing, asthma, or bronchiolitis (Jartti
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et al. 2012), with higher viral loads more likely associated

with respiratory disease.

However, the role of HBoV as enteropathogen remains

still unclear (Schildgen 2013), due to the frequent coin-

fection of HBoV with other enteric viruses in patients with

gastroenteritis, and the frequent detection of HBoV in

asymptomatic individuals (Nawaz et al. 2012; Chhabra

et al. 2013; Kim 2014; La Rosa et al. 2015). A recent

review addressing whether HBoV present in stool could be

considered as an independent risk factor for acute gas-

troenteritis concluded that most studies showed a compa-

rable prevalence of HBoV in patients with gastroenteritis

compared to asymptomatic patients. This observation,

along with the high concomitant prevalence of other viru-

ses in stool, suggests that HBoV in stool is more likely to

be an innocent bystander rather than a true pathogen (Ong

et al. 2016).

Besides fecal samples, HBoVs have also been detected

in urine samples and in blood/serum, tonsils, and saliva of

infected patients (Allander et al. 2005; Fry et al. 2007; Lau

et al. 2007; Pozo et al. 2007; Vicente et al. 2007; Campe

et al. 2008; Tozer et al. 2009; La Rosa et al. 2015).

Through viral-shedding HBoV is discharged in untreated

wastewaters. Only two studies addressed the presence of

human bocavirus in sewages, demonstrating a wide circu-

lation of the virus in the population served by the

wastewater treatment plant (WTP) (Blinkova et al. 2009;

Myrmel et al. 2015).

The aim of this work was to study the occurrence and

genetic diversity of Human Bocaviruses (HBoVs) identi-

fied in sewage water samples from Italy.

Materials and Methods

Wastewater Samples

Grab wastewater samples were collected in the years 2014

(57 samples) and 2015 (77 samples) from 25 WTPs

throughout Italy, in seven Italian regions. Figure 1 shows a

geographic information system (GIS) map of the WTPs

under study created using Quantum GIS (QGIS) version

2.0.1. Samples were handled and analyzed as previously

described (La Rosa et al. 2014). In brief, 20 mL of

untreated wastewater samples were seeded with a murine

norovirus (MNV1), and treated with 2 mL of 2.5 M gly-

cine pH 9.5. After incubation in ice for 30 min, 1/10 vol.

chloroform was added and samples were centrifuged at

5000 rpm for 10 min. Viral nucleic acids were extracted

from 10 mL of chloroform-treated samples, using the

NucliSENS easyMAG (BioMerieux, Marcy l’Etoile,

France) semi-automated extraction system with magnetic

silica, according to the manufacturer’s instructions. Eluates

(100 lL each) were divided into small aliquots and sub-

sequently frozen at -70 �C until analyzed.

Nested PCR Assays

Viral DNA was used as a template for nested PCR using

broad-range primers targeting the VP1/VP2 region of

HBoV, as previously described (La Rosa et al. 2015).

PCR was performed using 2 lL of DNA and 1 lL
(22 pmol) of each primer in a 25 lL reaction using the

MyTaqTM Red Mix PCR kit (Bioline, London, UK).

Cycling profile included an initial denaturing at 94 �C
(10 min), followed by 35 cycles of denaturing at 94 �C
(30 s), annealing at 51 �C (30 s), 72 �C (1 min), a final

extension at 72 �C (5 min), and a hold at 4 �C. The

amplification was carried out in a T100TM Thermal Cycler

(Biorad). One microliter of the PCR product was used as a

template in the nested PCR assay, lowering the annealing

temperature at 50 �C.
Since the broad-range assay used in this study showed

low sensitivity for HBoV-1 in a previous study (La Rosa

et al. 2015), novel primers were designed, targeting the

same region, specific for species 1 (see Table 1).

The sample process control, added in order to monitor

nucleic acid extraction and the presence of potential inhi-

bitors, was detected using previously published primers

(Muscillo et al. 2013).

Standard precautions were followed to prevent PCR

contamination: DNA extraction and PCR setup were

Fig. 1 GIS map of the participating WTPs located in seven Italian

regions
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performed in two different rooms, physically isolated from

the PCR Thermal Cycler and the post-PCR processing area.

Dedicated pipettes and reagents were used for each room.

Negative controls were systematically used, and no indi-

cations of contamination were detected.

As positive PCR controls, HBoV DNAs were used and

characterized in stool samples from patients with gas-

troenteritis in a previous study (La Rosa et al. 2015).

PCR products were purified using a Montage PCRm96

Micro-well Filter Plate (Millipore, Billerica, Mass), and

purified PCR amplicons were subjected to direct automated

sequencing with the same primers used in PCR (Bio-Fab

Research, Rome, Italy). Inhibition in negative samples was

ruled out using the sample process control (positive PCR

signal for murine norovirus).

If the electropherograms suggested the presence of

mixed species, cloning of PCR amplicons was performed

on representative samples. PCR products were cloned in

pGEM�-T Vector Systems (Promega), and half ligation

was used to transform NEB� Turbo Competent E. coli

(BioLabs inc). Forty white colonies for each ligation were

grown in 3 mL 2xTY medium. The DNA plasmids were

extracted by the one-step FastPlasmid mini purification kit

(5Prime.com) and quantified by ethidium bromide-stained

agarose gel. Recombinant plasmids were then subjected

to nucleotide sequencing using universal SP6 and T7

primers.

The raw forward and reverse ABI files obtained by both

PCR and plasmid sequencing were aligned and assembled

into a consensus sequence using MEGA 6.06 software, and

sequences were submitted to BLAST analysis for geno-

typing at http://blast.ncbi.nlm.nih.gov/Blast.cgi. The phy-

logenetic comparison was performed by a distance matrix/

UPGMA analysis using the Kimura 2-parameter via

MEGA 6.06 software package program.

Real-Time PCR Assay

Standard quantification plasmids were obtained for Boca-

virus species 2, 3, and 4 by cloning the Vp1/Vp2 fragment

of each species. Plasmid DNA concentrations were deter-

mined by measuring the optical density at 260 nm. The

DNA content in micrograms was converted to genomic

copies using Avogadro’s number and the number of

nucleotide pairs in the plasmid. We then performed an

absolute quantification of the HBoV copies contained in the

samples, using an external calibration curve generated

through tenfold serial dilutions of the standard, corre-

sponding to 5.5E?04 to 5.5E?00 GC per reaction.

Primers and probe targeting the Vp1/Vp2 gene (see

Table 1)weredesignedusing theGenescript software (https://

www.genscript.com/ssl-bin/app/primer). Reactions were

performed in triplicate in a 25-lLmixture containing 12.5 lL
of 29 SensiMixT II Probe No-ROX Kit (Bioline), 400 nM

(each) of forward and reverse primers, 100 nM of fluores-

cence-labeled probe, and 5 lL of DNA template. Cycling

conditions were 95 �C for 10 min, 45 cycles at 95 �C for 5 s,

and 60 �C for 1 min. Real-time PCRs were carried out in a

MiniOpticon Real-Time PCR System (Bio Rad) with CFX

Manager software control. Run acceptability was defined as a

correlation coefficient (R2)[0.98 and a slope between -3.6

and -3.1, corresponding to reaction efficiencies between 90

and 110 %, according to the equation:

Efficiency ¼ 10 �1=slopeð Þ � 1:

Results

From the total of 134 sewage samples analyzed, HBoV was

positive in 106 samples (79.1 %) and was detected

throughout the year with no seasonal prevalence. Positive

Table 1 Primer and PCR used in this study

Primer

ID

Primer sequence (50–30) Amplicon length

(bp)

Reference

Broad-range 2028 (?) GAAATGCTTTCTGCTGYTGAAA 543 La Rosa et al.

20152029 (-) GTGGATATACCCACAYCAGAA

2030 (?) GGTGGGTGCTTCCTGGTTA 382

2031 (-) TCTTGRATTTCATTTTCAGACAT

Human bocavirus 1 2028 (?) GAAATGCTTTCTGCTGYTGAAAG 543 This study

2045 (-) GTGGAAATCCCCACACCAGAT

2046 (?) GGTGGGTGCTGCCTGGATA 382

2047 (-) TCTTGAATGTCAGTGTCAGACAT

Broad range (real-time

PCR)

2101 (?) CTGGTCTCTTGGTGGCATTA 73 This study

2102 (-) ATTTCCTAGAGCAGGAGCCA

2103 (?) 50FAM-CAAGTTTCTTTAAACTTAAGCGCGCG-

30TAMRA

Food Environ Virol (2016) 8:289–295 291

123

http://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.genscript.com/ssl-bin/app/primer
https://www.genscript.com/ssl-bin/app/primer


and negative controls gave expected results. Genomic

sequencing and BLAST searches showed that 49 samples

were classified as HBoV species 2, and 27 samples as

species 3. In the remaining 30 samples, PCR-direct

sequencing results showed mixed electropherograms con-

taining two fluorescent signals in different positions. The

alignment of the study sequences with prototype sequences

from GeneBank showed that both species 2 and 3 were

present in 29 samples, since two fluorescent signals were

detected simultaneously in different positions, corre-

sponding to the alternative nucleotide present in HBoV-2

or HBoV-3. In one sample (ID 2225), a mixture of human

bocavirus 2 and 4 was suggested, in accordance with the

degenerate positions (data not shown).

PCR amplicons of samples ID 2225 (HBoV-2 ? HBoV-4

suggested in mixed electropherograms) and ID 2189

(HBoV-2 ? HBoV-3) were cloned and randomly selected

clones (20 clones for each sample) were sequenced. Results

confirmed the presence ofmixedBocavirus 2 and 3 in sample

2189 (representative of 29 samples with similar mixed

electropherograms), and mixed bocavirus 2 and 4 in sample

ID 2225.

HBoV-1 was not detected with the broad-range assay.

Due to the low sensitivity of this assay for species 1, all

negative samples (25 samples) were tested again with the

newly designed assay specific for HBoV-1. They were all

confirmed as negative for HBoV-1. Positive controls for

HBoV-1, selected in the previous study on gastroenteritis

patients (La Rosa et al. 2015), were tested positive with the

PCR specific for species 1, thus indicating that the

reagents, primers, and procedure were functional.

The result of the phylogenetic tree constructed with

HBoV detected in this study is presented in Fig. 2. The

study sequences were compared with 18 genomic sequen-

ces available from Genbank representing species 1 (a.n.

DQ778300, KJ684074, FJ375128, GQ455988, KP710213,

and DQ000495), species 2 (EU082214, GU048663,

FJ170278, FJ948860, GU048662, and KM624025), species

3 (GQ867667, GQ867666, FJ948861, and JN086998), and

species 4 (FJ973561, KC461233, and KM624027). The

TN93 ? G model was selected as the best fitted model

using the MEGA 6.06 program. Bootstrap values represented

on the tree are greater than 60 %. The sequences character-

ized as species 1 detected from clinical samples and used as

positive controls were also included (samples IDs 44D, 49D,

50D, 64D, 67D 138Dbis). Sequences from sewage samples

were classified within two separate groups corresponding to

species 2 and 3, in accordance with blast analysis.

A portion of the samples (15 bocavirus 2 and 15 boca-

virus 3) were randomly selected and further analyzed in

order to obtain quantitative data on viral concentrations in

wastewater samples. Viral concentrations ranged from

5.51E?03 to 1.84E?05 GC/L (mean value 4.70E?04

GC/L) for bocavirus 2 and from 1.89E?03 to 1.02E?

05 GC/L (mean value 2.27E?04 GC/L) for bocavirus 3.

Discussion

Untreated sewage samples from 25 WTPs in Italy were

screened for the presence of HBoV. The screening of

sewage water for human viruses began with the detection

and monitoring of polioviruses (Sinclair et al. 2008; La

Rosa and Muscillo 2013), and since then it has been suc-

cessfully extended to study the circulation of different

enteric and nonenteric viruses in the human population (La

Rosa et al. 2010, 2013, 2014; Cantalupo et al. 2011; Di

Bonito et al. 2014; Smith et al. 2015; Victoria et al. 2016).

Only few studies have addressed the presence of human

bocavirus in sewages. Blinkova and coworkers analyzed

untreated sewage samples in the United States and detected

HBoV in 17 of 21 samples (81 %). HBoV was the most

frequently detected virus compared to cardioviruses,

cosaviruses, and circoviruses (Blinkova et al. 2009).

Sequences were characterized as HBoV-2 (67 %), HBoV-3

(26 %), and HBoV-1 (6 %). Bibby and Peccia conducted a

metagenomic analysis on sewage sludge samples collected

from wastewater treatment facilities located throughout the

United States (Bibby and Peccia 2013) and detected HBoV

among the most abundant (found in more than 90 % of the

samples) and ubiquitous viruses identified (along with

Adenovirus, Herpesvirus, and Papillomavirus). Information

on the species of HBoV identified was not available. More

recently, Myrmel and coworkers detected HBoV in two

WTPs in Norway, in 54 and 64 % of the samples, with

subtype 3 and 2 prevalent compared to subtype 1, while

subtype 4 was not detected (Myrmel et al. 2015).

Our results corroborate these studies, showing a wide

distribution of HBoV in Italian sewages, and consequently

in the population living in Italy. We detected a large

number of samples positive for HBoV (79 %), with sub-

type 2 and 3 more prevalent, and subtype 4 detected only in

1 sample.

As far as we know, no previous studies have been per-

formed on HBoV in sewages or other water environments

in Italy. However, few data are available from some clin-

ical studies, where low percentages of positivity for HBoV

were found in different types of clinical specimens. Prin-

cipi and coworkers detected HBoV in 104 (5.7 %)

nasopharyngeal samples collected from children attending

an emergency room for a respiratory tract infection, all

belonging to species 1 (Principi et al. 2015). In a study on

the prevalence of viral infections in children with com-

munity-acquired pneumonia, HBoV was detected in 10 %

of samples, mainly in association with other viruses (par-

ticularly Respiratory Syncytial virus and rhinovirus)
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(Mameli and Zuccotti 2013). Data on the species detected

in these positive samples were not available. Medici and

coworkers studied the prevalence of HBoV in children with

acute gastroenteritis, and detected HBoV in 3.2 % of

samples, characterized as types 1 (21.7 %), 2 (34.8 %), and

3 (43.5 %) (Medici et al. 2012). In another study, HBoV

Fig. 2 Phylogenetic analysis of

human bocavirus sequences.

The tree is based on a partial

sequence (298 nt) of the VP1/2

region of the HBoV genome.

The strains identified in this

study are indicated with ID

number. Other strains in the tree

are shown by their GenBank

accession number and strain

name. These include species 1

strain (DQ778300, KJ684074,

FJ375128, GQ455988,

KP710213, and DQ000495), 2

strains (EU082214, GU048663,

FJ170278, FJ948860,

GU048662, and KM624025), 3

(GQ867667, GQ867666,

FJ948861, and JN086998), and

4 strains (FJ973561). The

evolutionary history was

inferred using the UPGMA

method. The evolutionary

distances were computed using

the Kimura 2-parameter

method. Evolutionary analyses

were conducted in MEGA6. The

robustness of branching patterns

was tested by 1000 bootstrap

pseudo-replications; bootstrap

values[80 are indicated
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was detected in stool samples from hospitalized patients

with gastrointestinal syndromes in only 2.0 % of samples

(5/246) (Rovida et al. 2013).

A serological survey performed in Italy to determine the

prevalence of antibodies against human bocavirus in an

Apulian population, indicate HBoV infection is ubiquitous

in the general population and early acquired from pre-

school children (Guido et al. 2012), with more than 90 %

of subjects older than 4 years displaying previous exposure

to HBoV. Our results support the notion that HBoV is

widely circulating in the population with prevalence of

human bocavirus 2 and 3, and a large number of samples

containing both these species. This result might reflect

enhanced human gut tropism for HBoV-2 and HBoV-3

relative to HBoV-1 as already suggested by other authors

(Blinkova et al. 2009). Indeed, there is satisfactory evi-

dence demonstrating an association between HBoV-1 and

respiratory disease in children, and there is evidence that

HBoV-2 (and possibly the HBoV-3 and HBoV-4 species)

are associated with gastroenteritis (Berry et al. 2015;

Broccolo et al. 2015). In the present study, one sample was

classified as HBoV-4. According to our data, this is the first

detection of this species of HBoV in Italy.

No seasonal prevalence was observed for HBoV, which

is in agreement with a previous study (Bastien et al. 2006).

However, other studies suggested that HboV infection had

a higher detection rate in winter or in summer (Jiang et al.

2016).The true incidence and seasonality of this pathogen

thus remain unknown.

The considerable presence of HBoV in sewage waters

suggest that it may spread to other water environments.

Indeed, Hamza and collaborators described the detection of

HBoV in 41 % of river water samples (Hamza et al. 2009).

Also, Li and coworkers recently detected HBoV along with

other enteric viruses in sewage-contaminated fresh and

marine waters (Li et al. 2016). Therefore, a potential role of

water in the transmission of HBoV should not be neglected.

In conclusion, this study is the first to evaluate the preva-

lence and genetic diversity ofHBoV in Italy. Our results show

a wide circulation of HBoV in sewages and, therefore, in the

Italian population. This could mean that the virus circulates

silently, not necessarily associated with disease status, or it

potentially causes undiagnosed infections. Further studies are

needed to determine the exact clinical and epidemiological

roles of HBoV. Moreover, a potential role of water in the

transmission of HBoV should be investigated.

To our knowledge, this is the first investigation on

HBoV in sewages in Italy and the first detection of Species

4 in this country. Our results show a wide circulation of

HBoV in sewages with prevalence of species 2 and 3.

Although there is no indication of waterborne transmission

for HBoV, the significant presence in sewage waters sug-

gests that HBoV may spread to other water environments,

and therefore, a potential role of water in the HBoV

transmission should not be neglected.
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