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SUMMARY

To understand the clinical epidemiology and molecular characteristics of human bocavirus
(HBoV) infection in children with diarrhoea in Guangzhou, South China, we collected 1128
faecal specimens from children with diarrhoea from July 2010 to December 2012. HBoV and five
other major enteric viruses were examined using real-time polymerase chain reaction. Human
rotavirus (HRV) was the most prevalent pathogen, detected in 250 (22·2%) cases, followed by
enteric adenovirus (EADV) in 76 (6·7%) cases, human astrovirus (HAstV) in 38 (3·4%) cases,
HBoV in 17 (1·5%) cases, sapovirus (SaV) in 14 (1·2%) cases, and norovirus (NoV) in 9 (0·8%)
cases. Co-infections were identified in 3·7% of the study population and 23·5% of HBoV-positive
specimens. Phylogenetic analysis revealed 14 HBoV strains to be clustered into species HBoV1
with only minor variations among them. Overall, the detection of HBoV appears to partially
contribute to the overall detection gap for enteric infections, single HBoV infection rarely results
in severe clinical outcomes, and HBoV sequencing data appears to support conserved genomes
across strains identified in this study.

Key words: Children, diarrhoea, human bocavirus, phylogenetic analysis.

INTRODUCTION

Diarrhoea is one of the most common clinical symp-
toms to occur among children, and in 2011 was the

fourth (9·3%) greatest cause of reported mortality in
children aged <5 years, worldwide. Human rotavirus
(HRV), norovirus (NoV), enteric adenovirus (EADV),
human astrovirus (HAstV), as well as sapovirus
(SaV) are recognized as five major viral aetiological
agents of diarrhoea. HRV, particularly group A
HRV (HRV-A), is identified as the most common
cause of severe paediatric diarrhoea throughout the
world, mostly impacting children in developing coun-
tries [1]. NoV is an emerging enteric infectious agent
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with highly diverse genogroups, of which genogroups
I (GI) and II (GII) are recognized as a primary cause
of epidemic gastroenteritis in individuals of all ages.
Precisely, NoV is responsible for nearly 50% of all-
cause diarrhoeal outbreaks worldwide [2]. EADV
(primarily serotypes 40 and 41) is also recognized as
an important cause of both community-acquired and
hospital-acquired childhood diarrhoea. It is estimated
that 3·2–12·5% of acute diarrhoeal cases in children
are related to EADV [3]. Evidence also demonstrates
that HAstV and SaV are associated with acute gastro-
enteritis [4, 5]. Recently a newly identified human
respiratory pathogen, namely, human bocavirus
(HBoV), was also frequently detected in stool spe-
cimens in cases of acute gastroenteritis [6–12], suggest-
ing that HBoV may be a causative agent for human
enteric infections.

HBoV was first described as a human pathogen in
2005 when Allander et al. [13], using a specific
molecular screening procedure, cloned a human par-
vovirus from nasopharyngeal aspirates collected
from children with respiratory tract diseases in
Sweden. This agent was ultimately listed under the
genus Bocavirus (subfamily Parvoviridae, family
Parvoviridae) according to phylogenetic analysis,
showing a close relationship to bovine parvovirus
(BPV) and canine minute virus (CnMV). Since then
HBoV has been frequently detected in respiratory
tract samples throughout various regions of the
world [14–16]. Such evidence has demonstrated
HBoV to be a causative agent for respiratory illnesses,
which has been further supported by more recent ser-
odiagnostic evidence [17].

During the subsequent 5 years since its discovery,
numerous epidemiological and molecular detection
studies have characterized HBoV into four species,
namely, HBoV1 (known as Swedish prototype),
HBoV2 [7], HBoV3 [8], and HBoV4 [10]. These clas-
sifications are based on a >5% variation in NS-gene
nucleotide sequences according to the 8th report
of the International Committee on Taxonomy of
Viruses (ICTV). HBoV1 has been detected frequently
in both respiratory and faecal samples, whereas
human stool seems to be the main source of
HBoV2–4 [8, 10, 18, 19].

In 2007, HBoV DNA was first documented in
human faeces from children with gastroenteritis at a
similar frequency as for children with respiratory ill-
nesses [6]. Subsequently, detection of HBoV in faecal
specimens in children has been frequently reported de-
spite a lack of understanding of the causative

association between HBoV and gastrointestinal symp-
toms [20–25]. Our current study was performed to
achieve a better understanding of the viral aetiological
spectrum of diarrhoea in children, as well as to deter-
mine the prevalence and molecular characteristics of
HBoV enteric infections in Guangzhou. Guangzhou
is a city located in South China featuring prominent
socio-natural factors, such as a subtropical climate
and high-density residential and non-residential popu-
lations, allowing for greater susceptibility to food-
borne and airborne viral infections. For this
purpose, a cross-sectional study was performed to in-
vestigate faecal specimens from children with diar-
rhoea for HBoV and other common diarrhoeal
viruses using real-time polymerase chain reaction
(real-time PCR) methods under a viral surveillance
programme conducted in Guangzhou. Furthermore,
complete genome sequencing of isolated HBoV strains
was conducted and used for phylogenetic analysis.

METHODS

Ethics statement

All research involving human participants was ap-
proved by the Institutional Review Board of Zhong-
shan School of Medicine, Sun Yat-sen University, in
accordance with the guidelines for the protection
of human subjects. Participants received written
informed consent on the study’s purpose and of their
right to keep information confidential. Written con-
sent was obtained from their guardians.

The authors assert that all procedures contributing
to this work comply with the ethical standards of
the relevant national and institutional committees
on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008.

Study population and sample collection

In this cross-sectional study, we collected 1128 stool
specimens from children aged <14 years (66·5%
male) with diarrhoea symptoms between July 2010
and December 2012. These children were inpatients
or outpatients (17·0% and 83·0%, respectively)
presenting with diarrhoea in four general hospitals
selected as sentinel sites located in Guangzhou,
China. Diarrhoea was defined as having at least
three defecations per day with abnormal changes in
faecal character (loose, watery, mucopurulent or
bloody purulent). One stool specimen was collected
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per patient within 24 h of the patient’s arrival at the
hospital. Upon collection, specimens were added to
2 ml of viral transport media (VTM) consisting of
Earle’s Balanced Salt Solution (Bio Source
International, USA), 4·4% bicarbonate, 5% bovine
serum albumin (BSA), 100 μg/ml vancomycin, 30 μg/
ml amikacin, and 40 U/ml nystatin according to a
standard protocol and transported within 8 h at 4 °C
to a bio-safety level 2 laboratory at Sun Yat-sen
University. Once there, samples were divided into
equal aliquots, and stored at –80 °C until processed.
Demographic, epidemiological, and clinical infor-
mation including case history, symptoms, physical
signs, and examination results, were collected using
a standardized and validated questionnaire. All spe-
cimens were tested for five common viral aetiological
agents of diarrhoea, including human rotavirus
(HRV) groups A, B and C (HRV-A, HRV-B, HRV-
C), EADV, NoV), SaV, and HAstV, as well as
HBoV, using the real-time PCR method as described
below. Data of children whose faecal specimens were
found to be positive for HBoV were analysed.

Nucleic acid extraction

Total DNA and RNA were extracted from 200 μl of
thawed 10% stool suspension with the QIAamp
MinElute Virus Spin kit (Qiagen, Germany), and re-
verse transcription of virus RNA was conducted using
SuperScript III Reverse Transcriptase and Random
Hexamer primers (Invitrogen, Life Technology,
USA), according to the manufacturer’s instructions.

Viral agent screening

HRV (HRV-A, HRV-B, HRV-C), EADV, NoV, SaV
and HAstV were detected by real-time PCR techni-
ques as previously described [5, 26, 27]. For screening
of HBoV, TaqMan real-time PCR primers (NP1-F:
5′-AGAGGCTCGGGCTCATATCA-3′ and NP1-R:
5′-TCTTCATCACTTGGTCTGAGGTCTT-3′) and
probe: 5′-FAM-AGGAACACCCAATCARCCACC
TATCGT-TAMRA-3′ (synthesized by Invitrogen,
Life Technology, USA), were designed to bind the
highly conserved NP1 region of various HBoV strains
and analysed using Primer Express software v. 3·0
(Applied Biosystems, USA), with regard to optimal
G+C content (55%, 44% and 60% for NP1-F,
NP1-R and probe, respectively), melting temperature
(58·4 °C , 59·3 °C and 70·0 °C for NP1-F, NP1-R
and probe, respectively), and amplicon length

(88 bp). The complete genome sequence of HBoV
from the st2 strain (GenBank accession number
DQ000496, or NC_007455) was used as a reference.
Each reaction mixture consisted of 10 μl 2 × IQ
Supermix reaction mixture (Bio-Rad, USA), 2 μl of
viral DNA, 0·5 μM each of the forward and reverse
primer, 0·3 μM of the probe, and nuclease-free water
to reach a final volume of 20 μl. Real-time PCR
was conducted at 95 °C for 15 min, followed by 45
cycles of 95 °C for 15 s, and 60 °C for 1 min on an
ABI7500 Real-time PCR system (Applied Biosystems,
USA).

Complete genome sequencing for HBoV

The complete genome sequences of HBoV strains
were amplified using primers designed using Primer
Premier 5·0 software, which targeted conserved
regions of HBoV strains referenced in the GenBank
database (primer sequences are shown in Table 1).
PCR amplification was performed using the
Platinum pfx Taq polymerase (Invitrogen, USA) in a
prepared reaction mixture according to the following
condition: 95 °C for 3 min, followed by 40 cycles of
95 °C for 30 s, 52 °C to 58 °C (see Table 1 for melting
temperature of different primers) for 45 s, and 72 °C
for 1 min, with a final extension at 72 °C for 10 min.
PCR products for genome analysis was purified
using an agarose gel DNA purification kit (Bio
Teke, China), and the PCR products of terminal
sequences were cloned into pMD18-T vectors using
a T-A cloning kit (Takara, China). All PCR products
used for cloning and sequencing were from three inde-
pendent PCR reactions. Sequencing was performed by
a commercial service of Invitrogen Co. (Guangzhou,
China), according to previously published methods
[28]. Sequences were determined and analysed using
the DNASTAR software package, and were also sub-
mitted to the GenBank database (accession numbers
KJ684065–KJ684078).

Phylogenetic analysis

The genomic sequences and open reading frames
(ORFs) of HBoV were comparatively analysed
against complete genome sequences of other HBoV
strains found in the GenBank database, including
HBoV prototype strains st1 and st2, representative
strains for three additional HBoV species, and
other strains in the bocavirus genera, including parvo-
virus B19, BPV, and CnMV. These sequences were
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aligned using the Clustal X2 program (www.clustal.
org/clustal2/), and a neighbour-joining tree was con-
structed using MEGA 5·2 software (www.megasoft-
ware.net/).

Statistical analysis

Analyses for demographic, epidemiological and clini-
cal information of patients were performed using
SPSS v. 21·0 statistical software (SPSS Inc., USA).
Specifically, correlation between main clinical symp-
toms and causative viral agents in children from
whom a single virus was confirmed was determined
using a non-parametric test or Fisher’s exact test.

RESULTS

Virological surveillance

Of the 1128 faecal samples collected from enrolled
children with diarrhoea symptoms between July
2010 and December 2012, at least one virus
(HRV-A, -B and -C, EADV, NoV, SaV, HAstV and
HBoV) was detected in 370 (32·8%) stool samples.
The detection rates of each virus are summarized in
Table 2. Of the cases with a single or multiple viral in-
fection, 20·3% (229) were positive for HRV-A (me-
dian age 1 year), 2·2% (25) for HRV-B (median age
1 year), 0·4% (5) for HRV-C (median age 9 months),
6·7% (76) for EADV (median age 1 year), 0·8% (9) for
NoV (median age 1 year), 1·2% (14) for SaV (median

age 1 year), and 3·4% (38) for HAstV (median age
1 year). A single virus was detected in 329 specimens
(29·2% of the whole study group), of which HRV-A
was the most frequent. HBoV DNA was detected in
17 (1·5%) samples · (median age 11 months) by
real-time PCR, including 16 from outpatients and
one from an inpatient. The mean age of the 1128
children was 23·5 months, ranging from 10 days to
14 years, with a gender ratio (male:female) of 2:1
(750:378). Overall, HRV and EADV predominated
in almost all age groups, being most common in the
<3 years age group (Fig. 1). This was also true for
HAstV and NoV, while SaV seemed to have a greater
prevalence in children aged <2 years. There was no
clearly defined age distribution for HBoV despite its
high prevalence in children aged <1 year, as 5/17 posi-
tive specimens were collected from children aged
>6 years.

Assuming relative stability of seasonal distribution
of targeted enteric viruses during continuous surveil-
lance for the 2·5-year period (from July 2010 and
December 2012), the cumulative monthly distri-
bution of each viral aetiological agent assessed in
the study was analysed. HRV was detected through-
out the entire year with the exception of from March
to May. HRV appeared to spike between August
and December. EADV featured a similar distri-
bution as HRV in spite of no hits in March and
August and a relatively higher percentage in April
and June. HAstV, SaV and NoV were all

Table 1. The primers used for human bocavirus (HBoV) complete coding sequence analysis

Primer Sequence (5′−3′) Position* Amplicon length Melting temp. (°C)

HBoV-1F GCCGGCAGACATATTGGATT 1–20 722 57
HBoV-1R GGACGTGTAGCCAGAAGAGATT 701–722
HBoV-2F GGGAGAAGGACTAAGCAAGAG 615–635 784 52
HBoV-2R GTCAAGCGAAGTAACAGGATG 1378–1398
HBoV-3F GGCACGCCTTATAGAACAAGT 1293–1313 800 56
HBoV-3R GGTAACCACCGCAATCAGT 2074–2092
HBoV-4F GAGATTGCAGCTCTTCTACAG 1912–1932 729 58
HBoV-4R CCTCGTCTTCATCACTTGGT 2621–2640
HBoV-5F AAGACAAGCATCGCTCCTAC 2429–2448 719 55
HBoV-5R ACAGGTTCACCGTTATCAAGT 3127–3147
HBoV-6F CACAGACAGAAGCAGACGAGAT 2990–3011 776 55
HBoV-6R GGTGAGAAGTGACAGCTGTATTG 3743–3765
HBoV-7F TGGTCACCTCTACAAAACAGA 3646–3666 742 55
HBoV-7R GTCTGATGACTGTGGTCCTACT 4366–4387
HBoV-8F TCCCAACAAGAAGAGTTCAGT 4242–4262 1058 56·2
HBoV-8R TGTACAACAACAACACATTAAAAG 5276–5299

* According to GenBank accession number NC_007455.
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sporadically detected with the highest hits in
October, October and November, respectively.
While HBoV was detectable during winter and sum-
mer, the percentage of detection (7·1%) was greatest
in June (Fig. 2).

Co-infection

As shown in Table 2, there were 15 different combina-
tions of co-infections identified in 41 stool specimens
(3·7% of the study population). HRVs were the most
common viruses to be identified in a mixed infection,
with HRV-A and EADV co-infection being detected
in 13/41 stool samples (1·2% of the study population).
Only two triple mixed infections were identified, one
being HRV-A/HRV-B/HAstV, and the other being
HRV-A/HRV-B/HBoV. Co-infections were identified

in four of the 17 HBoV-positive patients (23·5%),
one of which was the individual infected with both
HRV-A and HRV-B in addition to HBoV.

Clinical characteristics of targeted single-virus
positive cases

Of the 329 cases from which a single virus was
detected, 314 (95·4%) had one or more episodes of di-
arrhoea, and 51 (15·5%) reported vomiting, while 20
(6·1%) had symptoms of respiratory illness (Table 3).
Other manifestations such as fever, dehydration and
neurological symptoms were rare. There was a signifi-
cant correlation between the causative viral agents
and frequencies of diarrhoea (P < 0·01, Kruskal–
Wallis test) and vomiting (P < 0·01), while no differ-
ence was found with the occurrence of respiratory
symptoms (P > 0·05). In comparing HRV (featuring
the most frequent bouts of diarrhoea and episodes of
vomiting, suggesting greater disease severity) with
HBoV, diarrhoea was more frequent in cases with
HRV infection (P < 0·05), although not so for those
with vomiting (P > 0·05). HBoV-positive patients
were all in a mild disease condition with no vomiting,
fever or respiratory symptoms.

Complete genome sequences and phylogenetic analysis

The complete genomes of HBoV identified from posi-
tive faecal samples with Ct 434·7 (14/17) were
amplified and sequenced. All the genomes were
5299 bp with an average G +C content of 42·31%, ex-
cept for 2012GZ1185, 2012GZ8500, 2012GZ5497
(5298, 5298 and 5297 bp, respectively). Genomic or-
ganization of the 14 HBoV sequences was the same
as that of the two Swedish prototype HBoV strains
st1 and st2 and other bocaviruses detected thus far in-
cluding HBoV2, HBoV3, HBoV4, human parvovirus
B19, CnMV and BPV, having three ORFs with the
order of NS1, NP1, and VP1/VP2. Representative
strains from the GenBank database described above
were used to conduct phylogenetic analysis based on
complete genome, and results showed that the 14
Guangzhou strains were genetically close to HBoV1
(Fig. 3). The 14 strains were highly conserved with
99% similarity to one another in all three genes as
well as to the prototype strains when conducting
BLASTn in NCBI, with only limited variations
found in predicted amino acid sequences as shown
in tBLASTx. Further complete genome phylogenetic
analyses of these 14 strains and the various strains

Table 2. Distribution of co-infections and single-virus
infections in children with diarrhoea

Viral agents detected
No. of
specimens

% in whole study
group

Positive 370 32·8
One virus detected 329 29·2

HRV-A 196 17·4
HRV-B 16 1·4
HRV-C 3 0·3
EADV 58 5·1
NoV 6 0·5
SaV 10 0·9
HAstV 27 2·4
HBoV 13 1·2

Two viruses detected 39 3·5
HRV-A, HRV-B 5 0·4
HRV-A, HRV-C 1 0·1
HRV-A, EADV 13 1·2
HRV-A, NoV 2 0·2
HRV-A, SaV 3 0·3
HRV-A, HAstV 6 0·5
HRV-A, HBoV 1 0·1
EADV, SaV 1 0·1
HRV-B, HRV-C 1 0·1
EADV, HAstV 3 0·3
EADV, HBoV 1 0·1
HAstV, HBoV 1 0·1
HRV-B, NoV 1 0·1

Three viruses detected 2 0·2
HRV-A, HRV-B,
HAstV

1 0·1

HRV-A, HRV-B,
HBoV

1 0·1

Negative 758 67·2
Total 1128 100·0
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of HBoV1 from the GenBank database (45 strains
in total) showed that there were three clearly div-
ided groups (Fig. 4a). The strains detected in this
study were all classified as group I, along with proto-
type st1 and st2 and most other HBoV1 strains,
while Thailand strain CU74 and Taiwan strain
TW2717_06 form group II and group III along with
the two Guangzhou strains, LWK and GZ9081.
Based upon the phylogenetic analysis of the three
genes, there were no apparent genotypic changes be-
tween the phylogenetic trees for the 14 strains
(Fig. 4b–d). Consistent with previous studies [13, 29],
NS1 appeared to qualify as the most conserved
gene, whereas most nucleotide polymorphisms oc-
curred in the VP1/VP2 gene, although there were
only limited overall nucleotide and amino acid varia-
tions in different strains (<2% and 1%, respectively). It
should be noted that the VP1/VP2 gene and the com-
plete genome have almost identical phylogenetic trees.
This suggests that it may be possible to sequence VP1/
VP2 for routine laboratory surveillance instead of
characterizing the entire genome for circulating
HBoVs.

DISCUSSION

Diarrhoea is a common clinical syndrome of various
gastrointestinal diseases, such as acute gastroenteritis,
which most notably affects children who might easily
develop life-threatening complications if appropriate
treatment is not provided in a timely manner.
Viruses are recognized as a major cause of diarrhoea
in children, which are largely preventable. These
viruses include HRV, NoV, EADV, HAstV, SaV
and others, with HRV being the most common
cause of severe diarrhoea in children aged <5 years
[1]. Our study identified that 31·3% of specimens col-
lected from 1128 diarrhoea cases were attributed to
the five enteric viruses tested for in this study, with
HRV being the most frequently detected virus in 250
(22·2%) cases, followed by EADV in 76 (6·7%)
cases, HAstV in 38 (3·4%) cases, SaV in 14 (1·2%)
cases, and NoV in nine (0·8%) cases. These findings
are consistent with other published work [30, 31].
However, NoV, a common cause of diarrhoeal out-
breaks, is the least reported cause of diarrhoea in chil-
dren in this study. This may be due to rare outbreaks

Fig. 1. Age distribution of viral agents in children aged <14 years with diarrhoea.
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in subjects enrolled into this programme. In addition,
differently from HRV, EADV, HAstV and SaV which
are usually endemic in children, NoV can cause epi-
demics in all age groups. [2]. Mixed infections were
found in 3·7% of the study population, also consistent
with previous publications [32, 33]. The high pro-
portion (67·2%) of samples testing negative for any
of the viruses suggests an impressive detection gap
that researchers could further explore. This high nega-
tive rate is why numerous studies have been dedicated
to tracing enteric infection for HBoV and investigat-
ing its causative role in gastrointestinal diseases.

Since first being identified in faecal samples in 2007,
HBoV has been suspected as a possible cause of acute
gastroenteritis in children [6, 32]. This has resulted in
the implementation of many enteric aetiological

surveillance programmes throughout the world. In
this study, HBoV was detected in 17 (1·5%) cases,
which falls into the previously described detection
range of 0·8–9·1% [20, 22, 34, 35]. Interestingly, 4/17
HBoV-positive patients (23·5%) were co-infected
with other viruses, one of which was with two groups
of HRV.

The age distribution of the major five enteric agents
(HRV, EADV, HAstV, SaV, NoV) targeted in this
study was similar to previous reports [1–5], while
atypical distribution occurred in patients who were
HBoV-positive, with 5/17 positive specimens being
collected from children aged >6 years and 9/17 col-
lected from children aged <1 year. These findings sug-
gest that HBoV enteric infections should not be ruled
out in older children, although additional studies
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Fig. 2. Cumulative (2·5 years, from July 2010 and December 2012) monthly distribution of viral agents in children aged
<14 years with diarrhoea. The number in parentheses after each month indicates the number of specimens tested per
month.
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should be performed to explore these findings. Study
results showed a slight variation in seasonal distri-
bution of HBoV from previous studies [29, 32], with
the highest rate (7·1%) of HBoV occurring in June.
It is likely that this higher rate is due to the small
sample size during the summer months. Seasonal pat-
terns of other viruses such as HRV (peaks in summer
and winter) and NoV (peaks in cold weather months)
were consistent with previous findings [2, 36]. Patients
positive for HBoV all had mild clinical symptoms with
no vomiting, fever or respiratory symptoms, in con-
trast to those positive for HRV which were more likely
to have severe symptoms. This suggests that HBoV,
without concomitant infection with other pathogens,
largely results in mild disease outcomes.

While the detection of HBoV in children in this
study might explain part of the diagnostic gap, the
real aetiological role of HBoV in enteric diseases
still remains largely controversial. Most studies ex-
ploring this area are based on the cross-sectional de-
sign, which cannot establish causality. So far, only
one case-control study conducted in Australia has
demonstrated that acute gastroenteritis was related
to higher prevalence of HBoV2 (odds ratio 2·6, 95%
confidence interval 1·2–5·7) [8]. No similar findings
have been found in other studies [25, 37]. HBoV3
and HBoV4 are also primarily identified in stool
samples without clear correlation with enteric diseases
[8, 10, 21, 37, 38]. Evidence from recent studies tend to
support that the presence of HBoV1 in faeces may be

due to prolonged virus shedding from previous respir-
atory tract infections based on a persistence character-
istic attributed to viruses in the family Parvoviridae.
This hypothesis could also partly explain the high
co-infection rate and frequent simultaneous detection
in both respiratory and enteric secretions, as well as
the indiscriminate distribution in diarrhoeal sympto-
matic and asymptomatic subjects [20, 21, 23, 37, 39,
40]. Our research is still too limited to reveal the real
pathogenesis of HBoV in enteric infections although
the fact of high co-infection rate and mild clinical
outcomes in single HBoV infection cases were iden-
tified. More studies based on a prospective and
controlled epidemiological design are needed to better
establish the causality between HBoV and diarrhoeal
diseases.

In this study, the complete genomes of HBoV in
positive faecal samples with a Ct 434·7 (14/17) were
amplified and sequenced. The 5·2-kb genome of
HBoV contains three ORFs encoding NS1 (a non-
structural protein), NP1 (a protein of unknown func-
tion), and VP1/VP2 (a viral capsid protein). Of the
three genes, NS1 appears to be the most conserved,
with only minor nucleotide polymorphisms identified.
Most sequence variations were instead found to occur
in the VP1/VP2 gene, although the overall nucleotide
and amino acid differences in different strains were
only 2% and 1% for VP1 and VP2, respectively [13].
All of the HBoV strains were found to be clustered
into species HBoV1 in the constructed phylogenetic

Table 3. Correlation between primary clinical symptoms and causative viral agents in children where a single viral
infection was confirmed

Disease manifestation
HRV
(n= 215)

EADV
(n= 58)

NoV
(n= 6)

SaV
(n= 10)

HAstV
(n= 27)

HBoV
(n= 13) P value

Number of bouts of diarrhoea (stools/24 h)
0 13 2 0 0 0 0 P< 0·01* P< 0·05†
1–3 19 9 0 1 1 4
4–6 110 43 4 7 22 9
57 73 4 2 2 4 0

Number of bouts of vomiting (episodes/24 h)
0 166 57 6 9 27 13 P< 0·01* P> 0·05†
1–2 2 0 0 0 0 0
3–4 27 0 0 1 0 0
55 20 1 0 0 0 0

Respiratory symptoms
Yes 11 5 0 0 4 0 P> 0·05‡ –

No 204 53 6 10 23 13

* Kruskal–Wallis test comparing all viruses.
†Mann-Whitney U test comparing human bocavirus and rotavirus.
‡Fisher’s exact test comparing all viruses.
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tree, with no HBoV2 strains detected. They displayed
limited sequence variation among themselves and in
relation to the sequences of previously described
HBoV strains in the GenBank database.

In conclusion, the present study investigated the
aetiological viral spectrum of diarrhoea in children
in Guangzhou, China and analysed the clinical
characteristics and genomic phylogeny of HBoV in-
fection. While HRV and EADV were most frequently

detected, HBoV was identified in 1·5% of all faecal
specimens tested, helping to reduce the detection gap
of enteric viruses. In addition, we found that 23·5%
of the HBoV-positive samples were also positive for
another enteric virus, and single HBoV infection
rarely resulted in severe clinical outcome. Moreover,
phylogenetic analysis of 14 HBoV complete genomes,
all classified as HBoV1, revealed rather conserved
sequences across analysed strains.

Fig. 3. Phylogenetic tree constructed from the complete genomes of 14 human bocavirus strains identified in faecal
samples, along with other representative bocavirus genotypes available in the GenBank database. Phylogenetic trees were
inferred from complete genome data with 1000 bootstrap replicates using the neighbour-joining method with Mega 5·2
software. The scale bar indicates the estimated number of substitutions per 500 bases by Kimura’s two-parameter model.
Parvovirus B19, bovine parvovirus, canine minute virus, and representative strains of HBoV1–4 were used as reference
strains for genotype analysis of 14 human bocavirus strains identified in faecal samples (labelled with a black triangle).
The 14 HBoV strains obtained in this study were identified as HBoV1.
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(a)

Fig. 4. Phylogenetic trees of complete genomes and NS1, NP1, and VP1/VP2 gene sequences of 14 human bocavirus
(HBoV) strains identified in faecal samples, along with other representative HBoV1 strains available in the GenBank
database. Phylogenetic trees were inferred from complete genome (a), NS1 (b), NP1 (c), and VP1/VP2 (d) gene data with
1000 bootstrap replicates using the neighbour-joining method with Mega 5·2 software. The scale bar indicates the
estimated number of substitutions per 500 bases by Kimura’s two-parameter model. Specifically, 1920 nucleotide positions
in each NS1gene, 660 nucleotide positions in each NP1gene, and 2016 nucleotide positions in each VP1/VP2 gene were
included in the analysis. The 14 HBoV1 strains studied are labelled with a black triangle. Swedish prototype strains st1
and st2, American strain CRD2, Japanese strain JPOC07–511, Thailand strains CU6 and CU74, Taiwanese strains
TW925_07, TW2715_06 and TW2717_06, Chinese strains HK1, HK19, WLL-1, WLL-2, CZ643, FZ1, FZ40, BJ3064,
BJ3722, GD-HBoV-571, GD-HBoV-594, GD-HBoV-621 were included as HBoV1 reference strains.
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(b)

Fig. 4. (cont.)
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(c)

Fig. 4. (cont.)
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(d )

Fig. 4. (cont.)
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