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ABSTRACT
Aim: Recently identified human bocavirus (HBoV) types 2 and 3 have been associ-

ated with acute gastroenteritis in children. We studied 878 stool specimens from children

with acute gastroenteritis and 112 controls (43 children with unspecified fever, 33 with

respiratory tract infection and 36 healthy children) for known HBoVs. The same specimens

were previously studied for rotaviruses, noroviruses, sapoviruses, adenoviruses, coronavi-

ruses and aichivirus.
Methods: HBoVs were detected by PCR and positive amplicons were sequenced to

identify HBoV1, HBoV2, HBoV3 and HBoV4.
Results: HBoV of any type was found in 85 (9.7%) cases of acute gastroenteritis

and in 6 (5.4%) controls. HBoV1 was detected in 49 (5.6%) cases and 2 (1.8%) controls,

HBoV2 in 29 (3.3%) cases and 2 (1.8%) controls and HBoV3 in 8 (0.9%) cases and 2

(1.8%) controls. No HBoV4 was found. HBoV as a single infection was found in 16 (1.8%)

cases and in 6 (5.4%) controls; in the remaining cases, a known gastroenteritis virus was

also found. Among the single HBoV infections, HBoV2 was the most common type with 8

(50%) cases.
Conclusion: HBoVs are rarely found alone in children with acute gastroenteritis. Fur-

ther studies are warranted to confirm a possible specific association of HBoV2 with gastro-

enteritis.

INTRODUCTION
The first human bocavirus (HBoV1) was described in 2005
by Allander et al. (1) as a result of screening of nasopha-
ryngeal aspirates of children with respiratory tract infec-
tion. Since then, HBoV1 has been connected to respiratory
tract infections (2–4), and the evidence for this has
increased with the use of serological studies (5). On the
other hand, co-infections with other respiratory pathogens
are common and HBoV1 has also been found in asymp-
tomatic subjects (6–8).

Furthermore, several studies have shown that HBoV1
may also be present in faecal samples of children with acute
gastroenteritis (AGE) (9–13), and to complicate matters,
patients with HBoV1 in respiratory tract samples have been
reported to have diarrhoea (3). As in the case of the respira-
tory tract, simultaneous presence of HBoV1 with other, pre-
viously established gastroenteritis viruses is common in
faecal specimens (10,12,13), and no clear connection

between HBoV1 and AGE of children has been established
(11,13,14).

Since 2009, three new human bocaviruses have been
identified (14–16). HBoV2 was found in a stool specimen of
a Pakistani child in 2009 (15), and since then, HBoV2 has
been detected in several studies on children with AGE
(14,17–21). Again, co-infections with known human gastro-
enteritis viruses have commonly been found (18,20) as well
as shedding in stools of asymptomatic children (20). There-
fore, the role of HBoV2 as an enteric pathogen is still not
confirmed. HBoV2 has also been detected in stools of
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Key notes
• We found human bocaviruses (HBoVs) 1, 2 and 3 at

respective rates 5.6%, 3.3% and 0.9% in children with
acute gastroenteritis but mostly in combination with
known gastroenteritis viruses.

• Of the cases with HBoV as a single agent (1.8% of all
AGE cases), HBoV2 accounted for 50%.

• Further studies are warranted to confirm the possible
role of HBoV2 in acute gastroenteritis; otherwise, the
role of human bocaviruses appears small.
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children with respiratory tract infection (22) but not at all
(23) or rarely (24) in respiratory tract samples.

HBoV3 was also originally detected in a stool sample in
2009 (14). Several other studies have confirmed the pres-
ence of HBoV3 in faecal samples of patients with gastroen-
teritis, but detection rates have been lower than those of
HBoV2 (19–21).

Recently, HBoV4 was found in faecal samples of children
and adults (16), but the significance of this virus may be
regarded as unknown.

To elucidate the role of different human bocaviruses in
AGE of children, we tested stool specimens from 878 chil-
dren seen in hospital because of AGE. The samples were
collected in a 2-year prospective study from August 2006 to
August 2008 (25). This material had been tested previously
for known gastroenteritis viruses including rotaviruses, no-
roviruses, sapoviruses, adenoviruses, coronaviruses and ai-
chivirus (25–29).

MATERIAL AND METHODS
Patients and specimens
The prospective study on the aetiology of AGE in children
was approved by the Ethics Committee of Pirkanmaa Hos-
pital District and conducted at Tampere University Hospital
from August 2006 to August 2008 and at Kuopio University
Hospital from September 2006 to August 2007 (25).

Children under 15 years of age with AGE admitted to
the paediatric outpatient clinic or to the hospital ward, or
those who came down with AGE during hospitalization
were eligible for the study. Informed consent was obtained
from the guardians of all study subjects diagnosed with
AGE by a paediatrician or included in the study as con-
trols. A total of 878 stool specimens were obtained from
children with AGE (one per subject) and 112 stool speci-
mens were collected as controls including three different
groups of patients: 43 specimens from children with fever
of unknown origin (some of these also had vomiting but
not diarrhoea), 33 specimens from children with respira-
tory tract infection and 36 specimens from healthy chil-
dren admitted for examinations. Because the study
material was not originally collected for HBoV studies, the
selection of the control material was not optimal for
HBoVs. Also, the number of control cases remained small

causing some limitations for statistical analyses, as dis-
cussed later.

Rotaviruses, caliciviruses including norovirus genogroups
I and II and sapoviruses, and human coronaviruses (229E,
OC43, HKU1 and NL63) had previously been studied using
the same material (25–27). In addition, 516 stool specimens
were previously tested for aichivirus and 724 for adenovi-
ruses (28,29). All enteric viruses were tested using polymer-
ase chain reaction (PCR) method, except for adenoviruses;
either a PCR or ProSpecT� enzyme-linked immunosorbent
assay-kit (Oxoid, Basingstoke, UK) was used.

Laboratory methods
Suspensions 10% w ⁄ v were made by diluting stool speci-
mens in phosphate-buffered saline. Viral nucleic acid was
extracted using QIAamp Viral RNA Mini Kit (Qiagen, Hil-
den, Germany) according to the manufacturer¢s protocol
(this method was tested to be suitable for DNA extraction).

HBoV DNA was amplified by PCR, and a two-step PCR
method was used to increase sensitivity. In the first PCR,
reaction volume was 50 lL containing 5 lL of the sample
DNA, 1· Green GoTaq� Flexi Buffer (Promega, Madison,
WI, USA), 1.5 mmol ⁄ L of GoTaq� MgCl2 (Promega),
200 lmol ⁄ L of each dNTP (Promega), 2.5 U of GoTaq
DNA polymerase (Promega) and 0.5 lmol ⁄ L of HBoV NS1
primers (Sigma-Aldrich, St Louis, Mo, USA). PCR pro-
gramme was run as follows: denaturation at 94�C for 3 min,
35 cycles of amplification (40 sec at 94�C, 30 sec at 62�C,
65 sec at 72�C) and final extension at 72�C for 5 min. The
first amplification produced a 960-bp amplicon of gene NS1
encoding for a non-structural protein (Table 1).

In the second PCR, there were two pools of primers, pool
Boca (30) and pool HBoV, producing amplicons of 291 and
200 bp in size, respectively (Table 1). Pool HBoV-primers
were designed to detect all HBoVs, especially the newer
ones, and pool Boca primers already in use in our labora-
tory for HBoV1 were included in the PCR. Reaction volume
was 50 lL containing 2 lL of the 1st PCR product,
150 lmol ⁄ L of each dNTP and 0.5 lmol ⁄ L of HBoV NS1
2nd primers or Boca NS-1 primers, and the rest of the reac-
tion conditions were as in the 1st PCR. PCR programme
was run as follows: 3 min at 94�C, 30 cycles of amplification
(30 sec at 94�C, 30 sec at 55�C, 30 sec at 72�C) and at 72�C
for 5 min.

Table 1 The oligonucleotide primers for HBoVs

Name Sequence* Position** Size

HBoV NS1 fwd GGACGTGGTSCGTGGGAAC 1089–1107(+) 960 bp

HBoV NS1 rev GTCCTGTGAATGWGTAGGACAAAGG 2024–2048())

HBoV NS1 2nd fwd CCWGTAATTATWTCCACTAACCA 1764–1786(+) 200 bp

HBoV NS1 2nd rev AGAGTACAKTCGTACTCATTRAA 1941–1963())

Boca NS-1 fwd*** TATGGCCAAGGCAATCGTCCAAG 1545–1567(+) 291 bp

Boca NS-1 rev*** GCCGCGTGAACATGAGAAACAGA 1813–1835())

*IUB (the International Union of Biochemistry) codes in bold: S = G or C, W = A or T, K = G or T, R = A or G.

**In genome of HBoV2 isolate KU1 (GQ200737).

***By Sloots et al. (30).
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PCR products were visualized in gel electrophoresis, and
positive results were confirmed by sequencing using ABI
PRISM� 310 Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA). Sequences were analysed using Sequen-
cher� 4.8 program (Gene Codes Corporation, Ann Arbor,
MI, USA) and compared to reference strains by NCBI
Blast�-program to determine HBoV types.

Statistical methods
Statistical analyses were conducted using PASW Statistics
18 program (SPSS�, Chicago, IL, USA). Statistical signifi-
cance was calculated using Fisher¢s exact test, and p < 0.05
was considered significant.

RESULTS
Altogether, 878 stool specimens were collected from chil-
dren with AGE and 112 specimens from control groups
including 43 specimens from children with fever of
unknown origin, some of whom also had vomiting, 33
specimens from children with respiratory tract infection,
and 36 specimens from healthy children admitted for
examinations. In 719 (81.9%) of the 878 stool specimens
of children with AGE, one or more viruses, including rota-
viruses, noroviruses, sapoviruses, adenoviruses, coronavi-
ruses, aichivirus and human bocaviruses, were found. In
the combined control groups, 22 (19.6%) of 112 specimens
were positive for at least one of these viruses, excluding
sapoviruses and aichivirus that were not detected from
controls.

Human bocaviruses were detected in 91 (9.2%) cases of
all stool samples, 85 (9.7%) of the 878 cases with AGE and
6 (5.4%) of the 112 (non-AGE) controls. There was not a
statistically significant difference in the amount of HBoV-
positive cases between AGE group and combined controls
(p = 0.165).

HBoV1 was detected in 49 (5.6%) cases of AGE. There
was also one (2.3%) positive sample in the group of children
with fever of unknown origin and one (3.0%) positive sam-
ple in the group of children with respiratory tract infection;
in the healthy children, there were no positive samples.
(Table 2.) The differences in detection rates of HBoV1
between AGE and the separate control groups were not sta-
tistically significant (p = 0.529). During the first season
(August 2006–August 2007), there were 20 cases positive
for HBoV1 and during the second season (September
2007–August 2008), 31. One of the samples in the AGE
group contained both HBoV1 and HBoV2.

Twenty-nine (3.3%) specimens in the AGE group were
positive for HBoV2. In the control groups, there was one
(2.3%) positive sample in children with fever of unknown
origin and one (2.8%) positive sample in the group of
healthy children, but none in the children with respiratory
tract infection. (Table 2.) The differences in detection rates
of HBoV2 between AGE and the separate control groups
were not statistically significant (p = 0.949). Numbers of
HBoV2-positive samples during the first and the second
season were 18 and 13, respectively.

HBoV3 was detected in 8 (0.9%) cases of children with
AGE, in one (2.3%) case of children with fever of unknown
origin, and in one (3.0%) case of children with respiratory
tract infection, and in none of the healthy children
(Table 2.). The differences in detection rates of HBoV3
between AGE and the separate control groups were not sta-
tistically significant (p = 0.260). All HBoV3-positive cases
were found during the first season.

In this study, no HBoV4 was detected.
In 16 (1.8%) cases of AGE, human bocavirus was the only

virus detected, whereas in the combined controls, all 6
(5.4% of all controls) cases were single infections with
HBoV. Among the 16 cases of AGE in which HBoV was the
only virus detected in stool, HBoV2 was the most common
one with 8 (50.0% of all single infections) cases, followed by
HBoV1 with 7 (43.8%) cases and HBoV3 with one (6.3%)
case (Table 3). Conversely, among the 69 cases of mixed
infections, 42 (60.9% of the HBoV-positive mixed infec-
tions) contained HBoV1, 21 (30.4%) contained HBoV2,
and 7 (10.1%) cases contained HBoV3. In one sample, both
HBoV1 and HBoV2 were detected. The proportion of
HBoV2 was greater in the single infections than in mixed
infections and vice versa for HBoV1, but the differences in
the proportions of different HBoVs between mixed and sin-
gle infections were not statistically significant (p = 0.428).

Table 2 Number and per cent of human bocavirus (HBoV)-positive cases among dif-
ferent study groups

Virus

Number (%) of stool specimens in different study groups

All
(N = 990)

AGE*
(N = 878)

Fever**
(N = 43)

RTI***
(N = 33)

Healthy
children
(N = 36)

HBoV1 49 (5.6%) 1 (2.3%) 1 (3.0%) 0 51 (5.2%)

HBoV2 29 (3.3%) 1 (2.3%) 0 1 (2.8%) 31 (3.1%)

HBoV3 8 (0.9%) 1 (2.3%) 1 (3.0%) 0 10 (1.0%)

Total 86 (9.8%)† 3 (7.0%) 2 (6.1%) 1 (2.8%) 92 (9.3%)†

*Children with acute gastroenteritis.

**Children with unknown fever.

***Children with respiratory tract infection.
†One of the samples contained both HBoV1 and HBoV2, so this case is calcu-

lated here twice. The actual number of HBoV-positive cases in AGE group is

85 (9.7)% and in all samples 91 (9.2)%.

Table 3 Human bocavirus (HBoV)-positive findings with other viruses in acute gastro-
enteritis of childhood

HBoV
HBoV
alone

Co-infection with one virus Co-infection with
more than one
virus* TotalRota Noro Sapo Adeno

HBoV1 7 14 13 0 5 10 49

HBoV2 8 11 5 1 1 3 29

HBoV3 1 4 2 0 0 1 8

Total 16 29 20 1 6 14** 86**

*Including rotaviruses (8), noroviruses (4), sapoviruses (2), adenoviruses (1),

aichivirus (4), coronaviruses (3).

**The case including both HBoV1 and HBoV2 calculated twice.
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Forty-two (85.7%) of 49 HBoV1-positive cases, 21
(72.4%) of 29 HBoV2-positive cases and 7 (87.5%) of 8
HBoV3-positive cases were mixed infections with known
gastroenteritis viruses. Proportion of mixed infections did
not differ significantly between different HBoVs (data not
shown).

In mixed infections, rotaviruses and noroviruses were the
most common gastroenteritis viruses detected with bocavi-
ruses (Table 3.). In six cases negative for rotaviruses and no-
roviruses, HBoVs were detected together with adenovirus.
Fifty-six of the mixed infections contained two different
viruses, and in 13 cases, there were more than two viruses.
The one case with both HBoV1 and HBoV2 in the stool
also had rotavirus in the same specimen.

The seasonal distribution of HBoV findings is shown in
Fig. 1. Most of the HBoV-positive cases were detected from
November to June. From November to March, over 10% of
all stool samples collected per month were positive for some
of the HBoVs, exception being January 2008 with low
detection rate of 1.9%.

DISCUSSION
This study was set-up to examine whether HBoVs in general
and bocavirus types HBoV2 and HBoV3 in particular could
be linked with AGE in childhood as aetiological agents. As
a whole, we could not confirm such an aetiological role of
any of the HBoVs in AGE in children, although HBoV2
appeared more common than the other types when HBoV
was found in stool without other viruses.

In this study, human bocaviruses were detected in 9.7%
of children with AGE. HBoV1 was detected in 5.6% of all
AGE cases, which concurs with previous studies of HBoV1
in children with AGE (0.8–9.1%) (10,12–14). However, the

differences in the rate of HBoV1 in AGE and control groups
were not statistically significant, and in very few cases,
HBoV1 was detected alone without well-established gastro-
enteritis viruses such as rotavirus or norovirus, which were
likely to have a causative role in such cases. As a single
infection, HBoV1 was found in only 0.8% of AGE cases.

As shown in Fig. 1, there is a peak in HBoV1 findings
during December 2007. This peak is most likely due to the
waterborne AGE outbreak that occurred in Nokia, a town
near to Tampere, and was caused by contamination of
drinking water by sewage water (29). During the outbreak,
there was an unusual amount of mixed infections with
severe gastrointestinal symptoms (29). Fifty stool samples
from children connected to the Nokia outbreak were tested
during our study, and we found eight HBoV1-positive cases
(all of these were mixed infections) and two HBoV2-posi-
tive cases (one was a mixed infection). Even if all ‘Nokia
cases’ were excluded from the calculations, the differences
between HBoVs (separately for HBoV1, HBoV2 and
HBoV3) in AGE and control groups did not change out-
standingly.

HBoV2 was detected in 3.3% of the samples of the chil-
dren with AGE. This is a lower detection rate than those
reported from Australia (17.2%) (14) and China (20.4–
24.6%) (17,20), but close to the 3.6% reported from South
Korea (18). HBoV2 was detected as a single virus in 0.9% of
AGE cases. While we could not confirm a specific associa-
tion of HBoV2 with AGE in children, there were neverthe-
less numerically more ‘pure’ cases (eight in all) of HBoV2
than other HBoVs, leaving a small possibility of a specific
association of HBoV2 with gastroenteritis. Arthur et al. (14)
in their case–control study found a statistically significant
association between HBoV2 and AGE, but in other studies,
despite the common findings in stool specimens, the causal
association of HBoV2 and AGE has been weak (17,20).

In this study, HBoV3 was found in 0.9% of the AGE sam-
ples over 2 years. HBoV3 was not detected during the sec-
ond season at all, and there was only one case of HBoV3 as
a single virus in specimen without other gastroenteritis
viruses. In earlier studies, detection rates of HBoV3 in chil-
dren with AGE have been 0.9–2.7% (14,20), and in general,
HBoV3 has been less common than HBoV2 in stool sam-
ples of children with AGE (19,20).

We were unable to find any HBoV4 in our study. This
was also the case in several other recent studies (19–21),
and therefore, the role of this virus remains unclear.

We did a thorough work-up of most of the established
gastroenteritis viruses including rotaviruses, noroviruses,
sapoviruses, enteric adenoviruses, coronaviruses and aichi-
virus (astroviruses or bacterial pathogens were not studied)
and found co-infections in 81.2% of all bocavirus-positive
AGE cases. Similar rates (approximately 74–80%) have
been detected in earlier studies in which other gastroenteri-
tis viruses have been investigated using adequate methods
(20,21). In such co-infections, it is reasonable to assume
that the known gastroenteritis viruses actually have a causa-
tive role and HBoV may be either shed from the respiratory
tract or infecting the intestinal tract with no pathogenic role
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in AGE. In the future, simultaneous testing of respiratory
and stool samples together with serologic testing should be
carried out to clarify this assumption.

The number of the ‘pure’ HBoV-positive cases was small
and could not be positively associated with AGE. Neverthe-
less, it is noteworthy that in 50.0% of the single infections,
HBoV2 was the bocavirus detected, whereas in the mixed
infections, its proportion was only 30.4%.

In this study, most of the HBoV-positive cases were
detected from November to June. The highest proportional
detections rates, comparing to number of collected samples
per month, were in winter months (Fig. 1). There was no
remarkable difference in seasonality between HBoV1 and
HBoV2, but HBoV3 was detected only from February 2007
to July 2007. In some previous studies, HBoV1 was detected
throughout the year, but some higher incidence during win-
ter months was also seen (3,11). HBoV2 was also detected
throughout the year, and the highest incidences were
detected from February to April (17).

The sizes of the control groups were a limitation in our
study and also a limitation for a reliable statistical analysis
of causative role of HBoVs in AGE. In principle, using all
three groups, that is, children with respiratory tract infec-
tion, children with fever and vomiting, and healthy children
as controls, might be justified, but the size of each group
remained too small, and some statistical comparison was
made with pooled controls, which is not optimal. Originally,
this material was not collected for bocavirus studies.
Because of these limitations and because other viruses were
frequently found in cases of AGE, we focused more on
infections with HBoV as a single pathogen indicating spe-
cific association with AGE.

Further studies are warranted, and a study with simulta-
neous collection of specimens from respiratory tract and
stools is in progress to investigate the type-specific associa-
tion of HBoVs with respiratory or gastrointestinal tract,
respectively. Collection of the serum samples is also being
carried out in our next studies for serological testing and the
detection of HBoV viraemia.

In conclusion, we investigated stool samples from a large
number of children with AGE and found human bocavirus-
es 1, 2 and 3 at respective rates of 5.6%, 3.3% and 0.9%, but
bocaviruses were seldom detected alone without other
viruses like rotaviruses and noroviruses. Even those cases
that appeared to be single HBoV infections may actually
have been co-infections if a more comprehensive work-up
on viruses such as astroviruses had been performed and
bacterial pathogens had also been investigated. In the total
material, HBoV2 and HBoV3 did not stand out as having
any stronger association with AGE than HBoV1, but in the
‘pure’ HBoV cases of AGE, HBoV2 was slightly overrepre-
sented.
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