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ABSTRACT Human bocavirus (HBoV) has been recognized as an important patho-
gen that causes respiratory infection and acute gastroenteritis in young children
worldwide. HBoV is most likely transmitted by the respiratory route and by fecal-oral
transmission. Recently, HBoV has been detected in several types of environmental
water and in bivalve shellfish. However, study of the existence of HBoV in oysters is
still undocumented in Thailand. In this study, 144 oyster samples collected from dif-
ferent markets in Chiang Mai, Thailand, in 2017 and 2018 were investigated for the
presence of HBoV by nested PCR and sequencing. HBoV was detected in 11 out of
144 samples (7.6%). Nine HBoV-positive samples (81.8%) were identified as genotype
1 (HBoV1) and two (18.2%) as HBoV2. A monthly investigation of HBoV in oyster
samples from July 2017 to June 2018 showed that HBoV was sporadically detected
in particular months spanning the rainy and colder season, with a peak in January.
This study demonstrates the presence and genotype diversity of HBoV in oyster sam-
ples in Thailand. The findings contribute to evaluating the risk of foodborne trans-
mission of HBoV and to monitoring outbreaks of HBoV in Thailand and in other
countries.

IMPORTANCE Human bocavirus is recognized as an important cause of respiratory
infection and of acute gastroenteritis in children worldwide. Human bocavirus has
been widely detected in many clinical specimens, as well as in several types of envi-
ronmental samples. Most previous studies describe the incidence of bocavirus infection
in humans, whereas few data are available for the occurrence of human bocavirus in
food materials, particularly that in bivalve shellfish. Our findings provide evidence for
the existence and prevalence of human bocavirus in oysters, suggesting that further
monitoring of the potential risk of food- and waterborne transmission of this virus to
humans should be undertaken.
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Thailand

Human bocavirus (HBoV) is recognized as a frequent pathogen found worldwide in
children with acute respiratory infection and acute gastroenteritis. HBoV belongs

to the family Parvoviridae and genus Parvovirus. HBoV is a small nonenveloped virus of
approximately 25 nm in size that contains a linear single-stranded DNA (ssDNA) of
about 5.3 kb in length (1). To date, four genotypes of HBoV (HBoV1 to HBoV4) have
been identified, and HBoV2 is further subdivided into two subtypes, 2A and 2B.
HBoV1 has been found to be a common cause of respiratory tract infection, mainly
in children (2–4). HBoV2, HBoV3, and HBoV4 have generally been detected in stool
samples from children and adults with acute gastroenteritis (5–7) and in many other
clinical specimens, such as serum/blood, saliva, and urine (8–10). The exact role of
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HBoV in pathogenesis and its route of transmission remain unclear, although it is
most likely transmitted by the respiratory and fecal-oral routes, since it is usually
detected in respiratory and stool samples. Seroprevalence studies of HBoV from dif-
ferent counties worldwide have demonstrated that positive rates of HBoV infection
range from 69.2% to 94%, depending on the study population (11–16). Based on
research articles published worldwide between 2005 and 2016, the average preva-
lence of HBoV infection in respiratory secretion samples ranged from 1.0% to 56.8%
and in stool specimens from 1.3% to 63%, depending on the country, geographical
location, and number of subjects (17). The high seroprevalence and frequent detec-
tion of HBoV in patients with respiratory infection and gastroenteritis suggest an im-
portant etiological role of HBoV in human diseases.

Recently, HBoV has also been detected in shellfish and various types of environ-
mental samples, including bivalve shellfish, river water, wastewater, and sewage, with
variable prevalences that range from 3.7% to 81% (18–25). In addition, there was a
report of patients admitted to hospital with acute diarrhea associated with consuming
drinking water contaminated with HBoV (26). These reports hint that shellfish and
water could be an important reservoir for HBoV. However, information on HBoV con-
tamination in food in Thailand is still limited; in particular, that in bivalve shellfish has
not yet been investigated in Thailand. In order to fill this gap, the present study
addressed the detection of HBoV1 and HBoV2A in oysters collected in Thailand in 2017
and 2018.

RESULTS AND DISCUSSION
Detection of human bocavirus contamination in oysters. For the 1-year study, a

total of 144 oysters collected from three markets in Chiang Mai, Thailand, was exam-
ined for the presence of HBoV. Of 144 oysters, 48 were collected from a supermarket,
48 from local fresh market no. 1, and 48 from local fresh market no. 2. HBoV was
detected in 11 out of 144 oyster samples (7.6%), as shown in Table 1. The detection
rates of HBoV in oysters collected from the supermarket and from local fresh market
no. 1 and no. 2 were 4.2% (2/48), 8.3% (4/48), and 10.4% (5/48), respectively. Like many
other enteric viruses, HBoV can be a contaminant in food and environmental water
samples. A number of surveillance studies of HBoV focused on contamination by HBoV
in several kinds of environmental water samples (18, 20, 21, 23, 27, 28). However, to
date, there are only a few reports describing the occurrence of HBoV in food materials.
In particular, there has been only one report from Italy and one from South Africa
described the detection of HBoV in bivalve shellfish (22, 25). To our knowledge, our
study is the first report that demonstrates the presence of HBoV in oysters in Thailand,
supporting previous studies from Italy and South Africa indicating that shellfish is an
important reservoir of HBoV.

A monthly analysis of HBoV detection from July 2017 to June 2018 showed that
HBoV was occasionally detected in some particular months (Fig. 1). HBoV was found in
July and October of 2017 at a rate of 8.3% (1 out of 12), whereas in January and
February of 2018 it was found at rates of 41.7% (5 out of 12) and 33.3% (4 out of 12),
respectively. Of 11 HBoV isolates detected in this study, 9 (81.8%) were HBoV1 and 2
(18.2%) were HBoV2. It should be noted that HBoV1 was detected in January and

TABLE 1 Prevalence of human bocavirus detected in oysters from different markets in
Chiang Mai, Thailand, from July 2017 to June 2018

Location

No. of samples

% PositivePositive Tested
Supermarket 2 48 4.2
Local market no. 1 4 48 8.3
Local market no. 2 5 48 10.4
All markets 11 144 7.6
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February with high prevalence, while HBoV2 was sporadically detected in July and
October. General information on seasonal distribution of HBoV in oysters is not yet
available. No previous studies have investigated the prevalence of HBoV detected in
oysters in different seasons. In the present study, we analyzed the monthly distribution
of HBoV detected in oyster samples over a period of 1 year from July 2017 to June
2018 and revealed that HBoV was predominant in the cold months (January and
February). A number of previous studies have reported that HBoV infection occurs all
year round, with the peak in winter and spring months (29–32). These studies detected
HBoV in many types of respiratory tract clinical samples obtained from children with
airway infections. Our finding of high prevalence of HBoV in oysters during the cooler
months in Thailand is in accordance with the high incidence of HBoV infections in
humans in winter, suggesting a cocirculation of HBoV in humans and the environment
and that shellfish might be a potential vehicle for HBoV transmission. However, to clar-
ify whether there is a true seasonal distribution of HBoV contamination in oyster sam-
ples, further studies with larger numbers of samples and longer study periods in differ-
ent geographical regions should be investigated.

Genetic characterization of human bocavirus strains. Phylogenetic analysis of
partial VP1/VP2 nucleotide sequences of 11 HBoV isolates detected in oysters in this
study revealed two distinct groups of HBoV with different genotypes (Fig. 2). Nine
HBoV isolates detected in this study were clustered with HBoV1, found in clinical speci-
mens from children with acute gastroenteritis and respiratory tract infection in
Thailand and in many other countries worldwide, including Argentina, Italy, Brazil,
Germany, Sweden, Egypt, China, Japan, and Taiwan, sharing 98.0 to 100% nucleotide
sequence identity. The nucleotide sequences of the other two HBoV strains detected in
oysters in this study were closely related to those of the HBoV2 strains found in fecal
and respiratory samples reported previously from Australia, the United Kingdom,
Brazil, China, South Korea, Vietnam, India, and Ethiopia, with nucleotide sequence iden-
tities ranging from 93.7 to 100%. Regarding the genotype diversity of HBoV detected

FIG 1 Monthly and genotype distribution of human bocavirus detected in oysters in Thailand from July 2017 to June 2018.
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in humans and environments, previous studies have reported that HBoV1 is commonly
found in respiratory samples (2–4), while HBoV2, HBoV3, and HBoV4 are generally
detected in stool samples (5–7). In shellfish, environmental, and wastewater samples,
HBoV2 and HBoV3 are significantly more prevalent than HBoV1 and HBoV4 (21, 22, 24,
25). In this study, HBoV1 and HBoV2 were frequently detected in oyster samples.
Detection of HBoV2 in oysters is in line with results of previous studies (22, 25).
Nevertheless, the absence of HBoV3 in the present study does not rule out its presence
in oyster samples, since a relatively small number of samples was investigated. Our
previous study demonstrated that HBoV1, HBoV2, and HBoV3 have been circulating in
children with acute diarrhea and that HBoV1 and HBoV2 are more prevalent than
HBoV3 (33). It is interesting to point out that the HBoV genotypes detected in oysters
are similar to those found in humans during the same period, in which both HBoV1

FIG 2 Phylogenetic tree of the partial VP1/VP2 region (507 bp) of human bocavirus strains detected in oysters in this study (red circle) and the human
bocavirus reference strains detected in fecal samples in Thailand (blue circle) and outside Thailand (blue square) and in nasopharyngeal swap/aspirates
(green triangle). The scale bar indicates the number of nucleotide substitutions per site, and bootstrap values (.60) are indicated for the corresponding
nodes.
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and HBoV2 are predominant, indicating a possible epidemiological link of HBoV infec-
tion in humans and in oysters in Thailand. In the case of pediatric patients, they may
acquire the virus from drinking contaminated water rather than by consumption of
contaminated oysters. This issue remains to be further investigated. Oysters are one of
the predominant carriers for seafood-borne diseases because they are filter feeders
that can adsorb the viral particles (34). The consumption of raw or undercooked oysters
that accumulate human-pathogenic viruses is associated with a number of human dis-
eases (35). Contamination of shellfish-growing waters with fecal pollution is also a signifi-
cant concern; for example, if the water is contaminated with human feces, enteric viral
pathogens and bacteria may become trapped within the oyster (36). Taken together, our
findings demonstrate that HBoV circulating in oysters might be a potential source for
HBoV infection in human, particularly for those individuals who consume raw oysters. To
address the other potential sources of HBoV contamination, further investigation of HBoV
in various sources of environmental waters should be carried out.

In conclusion, this study reports the detection of HBoV in oyster samples in
Thailand. Although additional investigations are required to confirm the actual trans-
mission route of HBoV, data obtained from this study and from previous studies on the
presence of enteric HBoV in shellfish justify further monitoring to assess the potential
risk of food- and waterborne transmission of HBoV to humans.

MATERIALS ANDMETHODS
Oyster samples. Oysters were collected from three markets in Chiang Mai, Thailand (1 supermarket

and 2 local fresh markets), once a month throughout the study period of 1 year from July 2017 to June
2018. Each month, 12 samples (4 samples from each market) were collected. A total of 144 oyster sam-
ples were included in this study. During the process of oyster collection each month, the samples were
kept on ice and transported to the laboratory. The oysters were immediately dissected to obtain the di-
gestive tract and then washed with phosphate-buffered saline and finely chopped into small pieces.
Approximately 1 g of digestive tissue of each individual oyster was obtained and was further processed
for virus concentration and viral genome extraction.

Virus extraction and concentration. Virus extraction was performed by using a previously
described method (21, 35, 37) with modifications. Briefly, the digestive tissue was frozen at 280°C for
1 h. Then, the sample was thawed and mixed with an equal volume of cold glycine buffer (0.05 M glycine
and 0.15 M NaCl [pH 9.0]). The mixture was mixed with thoroughly by vortexing for 5min. Then, 10
beads and cold glycine buffer were added to make a final volume of 14ml. The solution was incubated
for 15min at 4°C on a shaker in order to release virus from the tissue. The homogenate was subse-
quently centrifuged at 8,000 � g for 20min, and the supernatant was collected for further concentration.
To concentrate the virus, the supernatant was processed using a modified polyethylene glycol (PEG) pre-
cipitation method as reported previously (38, 39). Briefly, 10ml of the supernatant was mixed with 0.8 g
of PEG-6000 and 0.23 g of NaCl and magnetically stirred at 4°C overnight. Afterward, the sample was
centrifuged at 10,000 � g for 30min at 4°C. The supernatant was discarded, and the pellet was resus-
pended in 200 ml of RNase-free distilled water and stored at 280°C until nucleic acid extraction was per-
formed. The viral genome was extracted from 140 ml of the concentrated samples using a spin column
technique according to the manufacturer’s protocol (Qiagen, Hilden, Germany). The extracted viral ge-
nome was immediately transferred to the PCR or kept at280°C until further use.

Detection of human bocavirus by nested PCR. Nested PCR targeting the VP1/VP2 region of HBoV
was performed to detect the presence of viral genome in oyster samples. The first-round PCR primers
were AK-VP-F1 (59-CGCCGTGGCTCCTGCTCT-39) and AK-VP-R1 (59-TGTTCGCCATCACAAAAGATGTG-39),
and the second-round primers were AK-VP-F2 (59-GGCTCCTGCTCTAGGAAATAAAGAG-39) and AK-VP-R2
(59-CCTGCTGTTAGGTCGTTGTTGTATGT-39) (40). PCR amplification was performed by using GoTaq DNA
polymerase (Promega, WI, USA). The thermocycling condition for the first-round PCR were as follows:
94°C for 3min prior to 35 cycles of 94°C for 1min, 55°C for 1min, and 72°C for 1min, followed by a final
extension at 72°C for 10min. The second-round PCR was performed in the same manner as the first-
round amplification, except for the annealing step, which was done at 58°C. The amplicon sizes of the
first- and second-round PCR were 609 bp and 576bp, respectively, as detected by 1.5% agarose gel
electrophoresis.

One of the major concerns of the detection of viruses in environmental samples is the presence of
PCR inhibitors. The process of removal of potential inhibitors of PCR was not applied in the present
study, and this could be a limitation of this study. However, the known HBoV-positive and -negative
stool samples were used as positive and negative controls, respectively. These control samples were run
through the same process of viral genome extraction and nested PCR as that for oyster samples. The
sensitivity of the detection of HBoV by nested PCR was tested using 10� serial dilutions of DNA
extracted from one known HBoV-positive fecal sample and two known HBoV-positive oyster samples,
with concentrations of 1,000 ng/ml, 100 ng/ml, 10 ng/ml, 1 ng/ml, and 0.1 ng/ml. The sensitivity was con-
sidered to be the lowest concentration of at least one positive sample that was positive by nested PCR.
The sensitivity of the nested-PCR method for the detection of HBoV from one positive fecal sample and
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two oyster samples showed that HBoV was detected at concentrations as low as 10 ng/ml, 100 ng/ml,
and 10 ng/ml, respectively. The data indicated that the sensitivity of nested PCR used in this study was as
low as 10 ng/ml. The sensitivity of nested PCR for the detection of HBoV in oysters was comparable to
those in the clinical samples, suggesting that there were no potential inhibitors contained in shellfish tis-
sues that might affect the extraction efficiency or the PCR assay.

Sequencing and phylogenetic analysis. The nested-PCR products were purified using a Gel/PCR
DNA fragment extraction kit (Geneaid, New Taipei City, Taiwan) according to the manufacturer’s instruction.
The purified PCR products were sequenced using BigDye terminator cycle sequencing kit v3.1 (Applied
Biosystems, Life Technologies, USA) with the forward primer AK-VP-F2 in a 3100 Genetic Analyzer (Applied
Biosystems, Life Technologies, USA). The nucleotide sequences of the partial VP1/VP2 region were analyzed
compared to those of the reference sequences retrieved from the NCBI GenBank database using the Basic
Local Alignment Search Tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Phylogenetic relationships of the
sequences of HBoV strains detected in this study with those of the reference strains were evaluated with
the use of MEGA X software (41). The evolutionary history was inferred using the maximum-likelihood
method with the Hasegawa-Kishino-Yano model (HKY1G as best-fit model) (42) using 1,000 bootstrap
replicates.

Data availability. The nucleotide sequences of the partial VP1/VP2 gene of HBoV strains obtained in
oysters detected in this study have been deposited in GenBank under accession numbers MW497561 to
MW497571.
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