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ABSTRACT Human bocavirus (HBoV) has been shown to be a common cause of re-
spiratory infections and gastroenteritis in children. Recently, HBoVs have been de-
tected in sewage and river waters in Italy and worldwide. However, studies on their
presence in other water environments and in bivalve mollusks are not yet available.
In this study, 316 bivalve shellfish samples collected in three Italian regions over a
6-year period (2012 to 2017) were analyzed by nested PCR and sequencing using
broad-range primer pairs targeting the capsid proteins VP1 and VP2 of HBoV. The vi-
rus was detected in 27 samples (8.5% of the total samples), and a statistically signifi-
cant difference was found within the three regions. A further 13 samples, collected
in geographic and temporal proximity to positive samples, were included in the
study to assess the spread of HBoV in shellfish production areas at the time of con-
tamination. Twelve of these additional samples were found to be positive for HBoV.
All positive samples in this study were characterized as HBoV species 2 (17 samples;
8 different sequences) or species 3 (22 samples; 4 different sequences). This study
reports the occurrence of HBoV in bivalve shellfish and shows evidence of consider-
able spatial spread of the virus throughout shellfish production areas. Further stud-
ies are needed to elucidate both the role of HBoV as an agent of gastroenteritis and
the risk for foodborne transmission of this virus.

IMPORTANCE Human bocavirus is recognized as an important cause of acute re-
spiratory tract infections and has recently been considered an etiological agent
of gastroenteritis in the pediatric population. Our findings document that HBoVs
are detected in bivalve shellfish with a relevant prevalence and suggest that an
assessment of the risk for foodborne transmission of these viruses should be un-
dertaken.
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Human bocavirus (HBoV) is a member of the Parvoviridae family found worldwide in
respiratory samples, mainly from children with acute respiratory infections, and in

stool samples from patients with gastroenteritis (1–6).
Four species (HBoV species 1 [HBoV-1], HBoV-2, HBoV-3, and HBoV-4) are currently

included in the bocavirus genus. HBoV-1 was first identified in respiratory nasopharyn-
geal aspirates of children with lower respiratory tract infections (1). It is now recognized
as an important cause of acute respiratory tract infections (7), being found globally and
throughout the year in about 2 to 20% of airway samples, mainly from children under
5 years of age with respiratory tract illness (8). The other HBoVs, HBoV-2 to -4, are not
usually found in airway samples but are detected in several kinds of specimens,
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including urine, blood/serum, tonsils, saliva, and, primarily, feces (1, 6, 9–12), suggesting
that these viruses are transmitted by the fecal-oral route. In particular, in the adult
population, HBoV-2 has been detected in 1.5% of stool samples from patients with
clinical signs of gastroenteritis (13). Nonetheless, the role of HBoVs as enteropathogens
still remains uncertain (14, 15) due to frequent coinfections with other enteric viruses
in patients with gastroenteritis (2, 16, 17) and their detection in both symptomatic and
asymptomatic individuals (18–20). However, recent studies showing the detection of
HBoV alone in stool samples from gastroenteritis cases (21–24) and a meta-analysis of
case-control studies (25) hint at a possible role, particularly for HBoV-2, as an etiological
agent of gastroenteritis in the pediatric population.

Recently, the presence of HBoV in environmental samples, including wastewaters,
sewage sludge, and water impacted by sewage, has also been reported (26–33),
therefore suggesting a potential role of water in the transmission of this virus. To date,
no information on the presence of HBoV in food matrices is available.

In the present study, we addressed the occurrence and genetic variability of
HBoV in bivalve shellfish samples collected over a 6-year period (2012 to 2017) from
harvesting areas and retail points in three Italian regions (Campania, Sardinia, and
Sicily), in order to provide a clearer picture of the circulation of this virus within the
human-water-food interface and of the potential for foodborne transmission of
these viruses.

RESULTS AND DISCUSSION

Human bocaviruses are often detected in different clinical specimens, including
stool samples, from patients with gastroenteritis (1–6). In the absence of an animal
model or an in vitro replication system, the virus cannot yet be confirmed as a causative
agent of disease under Koch’s revised postulates (14, 34). However, increasing data
suggest a role for this virus, at least for HBoV-2, as an etiological agent of gastroenteritis
in the pediatric population (25). HBoV can be discharged in untreated wastewaters
through virus shedding and, consequently, disperse throughout water environments,
as shown recently in Italy (30, 31) and elsewhere (26, 28, 32). Bivalve mollusks concen-
trate several human pathogens transmitted by the fecal-oral route, including a wide
range of enteric viruses (35–37), whose presence in these aquatic organisms may be
evaluated to assess the safety of the product for human consumption (38) or for
biomonitoring purposes (39, 40).

In the present study, we aimed to estimate the prevalence and genetic diversity
of HBoV in bivalve shellfish collected over a 6-year period in three Italian regions
(Campania, Sardinia, and Sicily) of the Central Mediterranean Sea. No PCR inhibition
was detected in any of the tested samples, and 27 of 316 samples, equivalent to
8.5% of the total (95% confidence interval [CI], 5.7% to 12.2%), were found to be
positive for HBoV (Table 1). This prevalence is lower than the frequencies generally
reported for norovirus, the major causative agent of viral gastroenteritis detected in

TABLE 1 Detection of human bocavirus in tested bivalve shellfish per year and region

Yr

Region Total

Campania Sardinia Sicily

No. of
samples

No. of positive
samples (% [95% CI])

No. of
samples

No. of positive
samples (% [95% CI])

No. of
samples

No. of positive
samples (% [95% CI])

No. of
samples

No. of positive
samples (% [95% CI])

2012 46 1 15 1 9 0 70 2 (2.9)
2013 14a 2 27 2 41 4 (9.8)
2014 31 6 22 1 53 7 (13.2)
2015 52 2 1a 1 53 3 (5.7)
2016 44 5 7 0 51 5 (9.8)
2017 21 5 27 1 48 6 (12.5)

Total 163 13 (8.0 [4.3–13.3]) 61 10 (16.4 [8.2–28.1]) 92 4 (4.3 [1.2–10.8]) 316 27 (8.5 [5.7–12.2])
aAdditional samples collected in Sardinia in 2013 and 2015 are not included in this table.
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shellfish (41, 42), but is comparable to the prevalence described in previous studies
undertaken in Italy and in Spain for other enteric viruses such as astrovirus (12.2%
to 28.7%), Aichi virus (6.0% to 12.0%), enterovirus (8.0% to 12.2%), or rotavirus (4.9%
to 13.0%) (43, 44).

Of the positive samples, 13 were collected in Campania, 10 were collected in
Sardinia, and 4 were collected in Sicily. The prevalences of HBoV-positive samples
were 8.0% (CI, 4.3% to 13.3%), 16.4% (CI, 8.2% to 28.1%), and 4.3% (CI, 1.2% to
10.8%) in Campania, Sardinia, and Sicily, respectively, with a statistically significant
difference (P value of 0.031 by a chi-square test) among the three geographic areas,
which may suggest a more intense circulation of HBoV in the populations of certain
regions. With regard to the temporal distribution, the prevalence of the virus
ranged from 2.9% in 2012 to 13.2% in 2014, with no statistically significant
difference among years (P value of 0.299 by a chi-square test) nor with any clear
trend in detection. Interestingly, although geographic and temporal fluctuations in
the prevalence of HBoV may partially be related to sampling, such variations have
also been reported for other enteric viruses such as norovirus, for which previous
studies undertaken in Italy showed that the prevalences varied from �50% to
�80%, depending on shellfish origin (37), and from less than 1% to almost 10%,
depending on the sampling year, in seafood products collected at the retail level
(45). It is noteworthy that in the present study, no statistically significant difference
was detectable between products ready for consumption (on the market and
collected from class A areas) and shellfish harvested from class B areas (P value of
0.321 by Fisher’s exact test) or between different shellfish species (P value of 0.834
for mussels versus clams by Fisher’s exact test), although the limited number of
positive samples for each group may have affected the significance of the compar-
ison.

Of the 13 additional samples collected in a gulf area of Sardinia, 12 (8 in 2013 and
4 in 2015) were found to be positive, showing that at the time of contamination, HBoV
was consistently detected in samples taken from distant points, up to 3 km from each
other (see the supplemental material). These additional positive samples were not
included in Table 1 so as not to overestimate the prevalence of HBoV.

The 39 positive samples (27 positive samples plus 12 sequences from the
additional samples) were characterized as HBoV species 2 (17 samples) and species
3 (22 samples) by BLAST searches. No HBoV-4 was detected in the tested samples.
Both HBoV-2 and HBoV-3 were detected in samples from all areas and sample years,
with the exception of 2012, when HBoV-3 was not detected. The result of the
phylogenetic tree constructed with the partial HBoV VP1/2 sequences detected in
this study is shown in Fig. 1. The 39 study sequences were compared with 18
genomic sequences available from GenBank, representing HBoV species 1 to 4 (see
the legend of Fig. 1). Phylogenetic analysis, in agreement with BLAST searches,
showed that 17 sequences (4 of which were obtained from the additional samples)
clustered into the HBoV-2 group, whereas 22 (8 from the additional samples)
clustered with the HBoV-3 group. Eight and four different sequence variants were
detected in the samples for HBoV-2 and HBoV-3, respectively. Nucleotide identities
ranged from 98.6% to 100% for HBoV-2 sequences and from 98.3% to 100% for
HBoV-3. The mean diversities within the two species, calculated by using MEGA7
(maximum composite likelihood model; 299 positions in a final data set with 39
nucleotide sequences), were 0.007 and 0.003 base substitutions per site for HBoV-2
and HBoV-3, respectively.

The results of this study show that the presence of HBoV is a common and steady
feature in the water environment where shellfish are grown and harvested and
corroborate data from an environmental study conducted in 2016 in Italy, in which
HBoVs were detected in 79% of urban wastewaters (30), with a predominance of
species 2 and 3. Moreover, HBoV species 2 and 3 were found to be the most frequently
detected viruses in river waters in Italy (31), outnumbering even adenovirus, known to
be widespread in water environments (46). The high rate of detection of HBoV in
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FIG 1 Phylogenetic tree constructed with the partial HBoV VP1/2 sequences. The tree includes 39 study sequences and 18 genomic sequences
available from GenBank, representing species 1 (accession numbers DQ778300, KJ684074, FJ375128, GQ455988, KP710213, and DQ000495),
species 2 (accession numbers EU082214, GU048663, FJ170278, FJ948860, GU048662, and KM624025), species 3 (GQ867667, GQ867666,
FJ948861, and JN086998), and species 4 (FJ973561, KC461233, and KM624027). Evolutionary analyses were conducted with MEGA7. The
evolutionary history was inferred by using the maximum likelihood method based on the Tamura 3-parameter model. The percentage of trees
in which the associated taxa clustered together is shown next to the branches. Only bootstrap values of �60% are represented. The tree is
drawn to scale, with branch lengths measured as the number of substitutions per site. There were a total of 300 positions in the final data
set.
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sewage and river samples, coupled with its constant detection in shellfish, is evidence
of the high incidence of HBoV in the human population in Italy, possibly associated
with undiagnosed gastroenteritis or respiratory disease.

In conclusion, this study reports the detection of HBoV in bivalve mollusks and
estimates its prevalence in this food matrix. Although the role of HBoV in gastrointes-
tinal infections still remains unclear and no definitive evidence has yet been provided
to support a causative role of HBoV in gastroenteritis, it is important to investigate virus
circulation among human hosts, the environment, and animals for human consump-
tion. Further studies are required to determine the significance of HBoV in shellfish and
in water environments and to elucidate the risk for foodborne or waterborne trans-
mission of these viruses.

MATERIALS AND METHODS
Sampling. A total of 316 bivalve mollusk samples (264 mussels, 24 carpet shell clams, 12 razor clams,

9 Venus clams, 5 wedge clams, and 2 oysters) collected in three Italian regions on the Central
Mediterranean Sea, Campania (n � 163), Sardinia (n � 61), and Sicily (n � 92), were selected for the study
(Fig. 2). The samples, collected between 2012 and 2017 (70 samples in 2012, 41 in 2013, 53 in 2014, 53
in 2015, 51 in 2016, and 48 in 2017), were prepared as described below and stored at �70°C until
analysis. Samples were collected during official monitoring programs from approved shellfish-harvesting
areas (n � 282) of class A (2 areas; n � 8) and class B (42 areas; n � 274) and from dispatch centers,
restaurants, fish markets, and supermarkets (n � 35).

FIG 2 Geographic origin of the shellfish samples included in the study. (Template maps are from the Italian National Institute for Statistics and were modified
by the use of QGIS.)
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In a later stage of the study, the spatial distribution of HBoV in shellfish production areas during a
contamination event was assessed by examining additional samples collected at different points in the
areas, in close temporal proximity (within 24 h) to HBoV-positive samples. Thirteen additional mussel
samples, harvested in a gulf area of the Sardinia region in 2013 (n � 8) and 2015 (n � 5), were analyzed
in this second screening (see the supplemental material).

Sample preparation. Virus extraction from shellfish samples was performed according to the
procedure described in ISO/TS 15216-2:2013 (48). Briefly, depending on the species size, 10 to 60
individuals were randomly selected, and digestive glands were dissected, cleaned, and finely chopped.
Aliquots of 2.0 g, spiked with 10 �l of titrated mengovirus process control strain MC0 (1.6 � 104 50%
tissue culture infective doses [TCID50]/ml), were digested with 2 ml of proteinase K (0.1 mg/ml) at 37°C
for 60 min with shaking and then placed at 60°C for 15 min. Finally, the samples were centrifuged at
3,000 �g for 5 min, the supernatant was collected, and its volume was recorded. Nucleic acid extraction
and purification were performed on 500 �l of the supernatant by using the NucliSens MiniMag system
(bioMérieux, France) according to the manufacturer’s instructions, and nucleic acids were eluted in 100
�l. The efficiency of virus recovery was assessed as described previously by Costafreda et al. (47), with
a 1% acceptability criterion.

Nested PCR for detection of HBoV. The presence of HBoV genomes was investigated by nested PCR
and sequencing using broad-range primer pairs targeting the capsid proteins VP1 and VP2 of HBoV,
successfully used previously with both clinical and environmental samples (16, 30, 31).

PCR was performed using 5 �l of DNA and 1 �l (10 pmol) of each primer (2018fw [5=-GAAATGCTT
TCTGCTGYTGAAA-3=] and 2029rev [5=-GTGGATATACCCACAYCAGAA-3=] for the first PCR and 2030fw
[5=-GGTGGGTGCTTCCTGGTTA-3=] and 2031rev [5=-TCTTGRATTTCATTTTCAGACAT-3=] for nested PCR) in a
25-�l reaction mixture, using the MyTaq Red Mix PCR kit (Bioline, UK). After the initial denaturation step
at 94°C (10 min), amplification was performed with 35 cycles of denaturation at 94°C (30 s), annealing at
51°C (30 s), and extension of 72°C (1 min), followed by a final extension step at 72°C (5 min). Two
microliters of the PCR product was used as a template in the nested PCR assay, using an annealing
temperature of 50°C. As a positive PCR control, HBoV DNA characterized in stool samples from a patient
with gastroenteritis (16) was used. Amplifications were carried out with a T100 thermal cycler (Bio-Rad),
and standard precautions were followed to prevent PCR contamination. All positive results were
confirmed by replicating the analysis in a second, independent PCR amplification. Results were visualized
by gel electrophoresis (1.5% agarose gel) using gel red staining (Biotium, CA, USA).

Sequencing and phylogenetic analysis. PCR products were purified by using a Montage PCRm96
Microwell filter plate (Millipore, MA, USA) and subjected to direct automated sequencing on both strands
(Bio-Fab Research, Italy). The raw forward and reverse ABI files obtained by sequencing were aligned and
assembled into a consensus sequence by using MEGA7 software, and sequences were submitted for
BLAST analysis for genotyping (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

Statistical analysis. Confidence intervals (95%) were calculated for proportions. A chi-square test
was performed to compare differences among prevalence values in distinct regions and years.
Fisher’s exact test was used to compare prevalences between shellfish species and on the basis of
collection source (samples taken at the market level and from class A areas, considered a single
group, versus samples harvested from class B areas). For the latter comparison, only samples from
geographic regions showing no statistically significant differences (i.e., Campania and Sicily) were
included. All calculations were performed by using MedCalc software version 17.9.2 (MedCalc
Software BVBA, Ostend, Belgium).

Accession number(s). Nucleotide sequences of the partial VP1/2 genes of the HBoV isolates reported
in this study were deposited in GenBank under accession numbers MG669586 to MG669624.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/AEM
.02754-17.

SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.
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