
INTRODUCTION

Human bocavirus 1 (HBoV1) belongs to the Parvoviridae

family, Parvovirinae subfamily and Bocaparvovirus genus
and is classified as the second human-pathogenic parvovi-
rus. Since its discovery in 2005, it has been found globally
throughout the year (Allander et al., 2005; Qui et al., 2017).
Studies have shown that HBoV1 causes lower respiratory
tract infections (LRTIs) like bronchiolitis, acute wheezing
and pneumonia, mainly in young children, aged six months
to five years (Kesebir et al., 2006; Allander et al., 2007; Fry
et al., 2007; Söderlund-Venermo et al., 2009; Christensen et

al., 2010; Don et al., 2010; Qui et al., 2017; Nascimento-

Carvalho et al., 2018). Although the exact clinical picture of
an acute HBoV1 infection remains unclear, the most fre-
quently described clinical symptoms of HBoV1-associated
infection include fever, cough, rhinitis and wheezing (Jartti
et al., 2012; Qui et al., 2017). Several clinical case reports
have shown acute HBoV1 infection in life-threatening re-
spiratory tract infections (Körner et al., 2011; Ursic et al.,
2011; Edner et al., 2012; Ursic et al., 2015; Eskola et al.,
2017).

In clinical studies, the most common method used to diag-
nose HBoV1 infection has been polymerase chain reaction
(PCR), by which the prevalence of HBoV1 DNA in airway
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Since its discovery in 2005, human bocavirus 1 (HBoV1) has globally been one of the most com-
mon respiratory viruses. It is currently accepted that HBoV1 is a pathogen, causing upper and
lower respiratory tract infections (LRTIs) in children. However, due to the prolonged HBoV1 DNA
shedding from the upper airways and the subsequent high rate of co-detections with other respi-
ratory viruses, the interpretation of positive polymerase chain reaction results is challenging. The
aim of this study was to identify acute HBoV1 infections by the presence of HBoV1-specific IgM
and IgG measured by competition enzyme immunoassay, to elucidate the induction of Th1/Th2
cytokines, and to describe the clinical characteristics associated with acute HBoV1 infection in
hospitalised children less than five years of age with LRTI. HBoV1 IgM was detected in 19/102
(18.6%) and IgG in 66/102 (64.7%) patients. HBoV1 IgM was most frequently found in patients
aged 13 to 24 months. Pneumonia and acute wheezing were the most common clinical diagno-
ses among HBoV1 IgM positive patients. The seroprevalence of HBoV1-specific IgG increased

with age, reaching 85% by the age of five years. INF-�, IL-4, IL-5, and IL-10 were observed to be
higher in patients with acute HBoV1 infection.
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samples has been shown to range from 2 to 20% of hospital-
ised children with upper and lower respiratory tract infec-
tions (RTIs). However, due to the prolonged HBoV1 DNA
shedding from the upper airways and the subsequent high
rate of co-detections with other respiratory viruses, the in-
terpretation of HBoV1-positive PCR results in acute RTI is
problematic (von Linstow et al., 2008; Söderlund-Venermo
et al., 2009; Martin et al., 2010; 2015).

In 2008, serological studies disclosed that RTIs due to
HBoV1 are systemic and elicit B-cell immune responses
(Kantola et al., 2008). Since then, studies have shown that
measurement of HBoV1-specific immunoglobulin (Ig) M
and IgG can be used for diagnostic purposes to reveal acute
HBoV1 infections (Kantola et al., 2008; Söderlund-
Venermo et al., 2009; Don et al., 2010; Karalar et al., 2010;
Kantola et al., 2011; Xu et al., 2017; Nascimento-Carvalho
et al., 2018). Due to antibody cross reactivity between
HBoV1 and three other HBoVs, competition enzyme immu-
noassay (EIA) should be used (Kantola et al., 2011; Guo et

al., 2012; Kantola et al., 2015).

To explain the HBoV1 pathogenesis and clinical character-
istics, some studies have addressed also for HBoV-specific
T-cell immune responses, demonstrating the production of
circulating cytokines in HBoV-positive subjects and sug-
gesting that HBoV infection can induce production of T
helper (Th)-1 (Th1) and Th2 cytokines (Chung et al., 2008;
Kumar et al., 2011; Hirose et al., 2015; Guido et al., 2016).

The aim of this study was to identify the presence of
HBoV1-specific IgM and IgG by competition EIA, to eluci-
date the induction of Th1/Th2 cytokines, and to describe the
clinical characteristics associated with acute HBoV1 infec-
tion in hospitalised children less than five years of age with
LRTI in Latvia.

MATERIALS AND METHODS

Patients and sample collection. The study protocol was
approved by the Ethics Committee of the Rîga Stradiòð
University on 30 May 2013 and written informed consent
was obtained from the parents/guardians of all the partici-
pating children.

In this cross-sectional study 102 children aged 28 days to 60
months and treated as inpatients for presumptive LRTI at
the Department of Pediatrics, Children’s Clinical University
Hospital of Rîga, Latvia, were included and investigated
from October 2013 to December 2016. Children presenting
with symptoms of acute illness for more than ten days and
those with severe chronic underlying illnesses were ex-
cluded.

On admission, a single blood sample was collected from
each enrolled patient, and plasma was separated and kept at
–80 oC until testing.

Clinical definitions. On inspection, fever was defined as
axillary temperature > 37.5 oC (El-Radhi and Barry, 2006).

LRTI was defined according to the clinical definition crite-
ria and/or chest roentgenogram with positive results
(infiltrates). Chest X-rays were requested by a physician
and analysed by a paediatric radiologist.

The clinical definition of LRTI was the following — one or
more lower respiratory tract sign(s): rapidity or difficulty in
breathing, chest wall in-drawing, and or abnormal ausculta-
tory findings (crackles/crepitation or bronchial sounds)
(Roth et al., 2008).

Fast breathing (tachypnea) was defined as a respiratory rate
of > 60 breaths/minute in children aged < 2 months, > 50
breaths/minute in children aged 2–12 months, and > 40
breaths/minute in children aged 12–60 months (Anony-
mous, 1995).

HBoV1 serology. All 102 plasma samples were tested for
HBoV1-specific IgM and IgG antibodies. Biotinylated
virus-like particles (VLPs) of the recombinant major capsid
protein VP3 were used as antigen in both the IgM and IgG
EIAs (Söderlund-Venermo et al., 2009; Kantola et al.,
2011). For removal of possible cross-reacting heterotypic
HBoV2 and HBoV3 IgGs, non-biotinylated VLPs were
used in competition assays as described previously (Kantola
et al., 2011; Kantola et al., 2015). The positivity cut-offs in
competitive and non-competitive IgG EIAs were 0.095
(mean + 4 standard deviations (SD)) and 0.151 (mean +
4SD), respectively, and in non-competitive IgM EIA, 0.131
(mean + 4SD).

Cytokines. Cytokine [tumor necrosis factor alpha (TNF-�),
interferon gamma (IFN-�), interleukin (IL)-2, IL-4, IL-5,
IL-10, IL-13] levels in cell-free blood plasma samples were
analysed by a Luminex 200 System (Luminex Corporation,
Austin, USA) using a Magnetic Luminex Screening Assay
kit (R&D Systems, Inc., Minneapolis, USA) in accordance
with the manufacturer’s instructions. Results were analysed
using xPONET Software.

Level of interferon beta (IFN-�) was analysed in cell-free
blood plasma samples using a commercial sandwich type
EIA kit (EIA Kit for Interferon Beta, Cloud-Clone Corp.,
Houston, USA) according to the manufacturer’s guidelines.
Optical density was measured by a microplate reader
(Multiscan Ascent, Thermo Electron Corporation, Waltham,
USA) at 450 nm, using the programme Ascent Software and
the results were calculated using the Microsoft Excel soft-
ware.

Other laboratory studies. Blood samples to analyse hae-
moglobin (Hgb) and the non-specific inflammatory mark-
ers, white blood cell counts (WBC) and serum C-reactive
protein (CRP), were obtained on admission and analysed by
routine methods.

Statistical analysis. The statistical analysis was performed
using the Statistical Package for the Social Sciences
(SPSS), version 22. To determine significant differences of
the data, Pearson’s chi-square and Fisher’s exact tests were
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used. P values < 0.05 were considered statistically signifi-
cant.

RESULTS

Characteristics of study population. On admission, of the
studied 102 patients, bronchiolitis was diagnosed in 4
(3.9%), acute wheezing in 64 (62.7%). Pneumonia occurred
in 60 (58.8%) cases, among which pneumonia was a com-
plication of acute illness in 24 (40%). The patients were di-
vided into three age groups according to the proposed inte-
grated age groups for paediatric trials (Contopoulos-
Ioannidis et al., 2012).

The baseline characteristics of the study population are pre-
sented in Table 1. Fever and cough were present in all of the
enrolled patients in this study. A statistically significant as-
sociation was found among the different age groups and the
presence of wheezing (p = 0.024).

HBoV1 serology. Of the 102 patients, HBoV1-specific IgM
was found in 19 (18.6%) patients, 7/19 (36.8%) were posi-
tive only for HBoV1 IgM, and 12/19 (63.1%) patients had
also HBoV1-specific IgG antibodies. None of the patients
aged 28 days to 12 months (n = 25) was positive for HBoV1
IgM. The highest prevalence of HBoV1 IgM was found in
patients aged 13 to 24 months (Table 2). The differences in
the presence of HBoV1 IgM antibodies at various age
groups were statistically significant (p = 0.005).

In total, 66 (64.7%) patients were positive for HBoV1 IgG
antibodies. The HBoV1 IgG seroprevalence increased con-
stantly in relation to age (Table 2). The mean age ± SD of
those 66 patients positive for HBoV1 IgG was 26.8 ± 13.8
months (range 2 to 59 months). HBoV1 IgG antibodies
were found in 12/25 (48%) patients aged 28 days to 12
months, among them, 4/12 (33.3%) were younger than six
months.
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T a b l e 1

BASELINE CHARACTERISTICS OF STUDY POPULATION AND COMPARISON BETWEEN THE DIFFERENT AGE GROUPS IN PATIENTS
WITH ACUTE LOWER RESPIRATORY TRACT INFECTIONS

All cases 28 days – 12 mo 13 mo – 24 mo 25 mo – 60 mo

Characteristics (n = 102) n (%)1 (n = 25) n (%)1 (n = 37) n (%)1 (n = 40) n (%)1

Demographics

Age in months (median ± SD) 22.2 ± 12.9 9.0 ± 3.2 21.0 ± 3.4 32.5 ± 10.1

Male gender 60 (58.8) 12 (48.0) 21 (56.7) 27 (67.5)

Days of acute illness2 (median ± SD) 4.0 ± 1.8 4.0 ± 1.8 4.0 ± 1.8 4.0 ± 1.9

Days of hospitalization (median ± SD) 4.0 ± 5.1 6.0 ± 1.9 4.0 ± 7.7 4.0 ± 2.7

Epidemiological factors

Lack of breastfeeding 34 (33.3) 7 (28.0) 11 (29.7) 16 (40.0)

Incomplete immunization 29 (28.4) 11 (44.0) 12 (32.4) 8 (20.0)

Passive smoking 38 (37.2) 8 (32.0) 13 (35.1) 17 (42.5)

Clinical signs and symptoms

Rhinitis 77 (75.4) 22 (88.0) 26 (70.2) 29 (72.5)

Pharyngitis 47 (46.1) 11 (44.0) 20 (54.0) 16 (40.0)

Conjunctivitis 8 (7.8) 3 (12.0) 2 (5.4) 3 (7.5)

Wheezing 53 (51.9) 18 (72.0) 20 (54.0) 15 (37.5)

Chest wall in drawing 69 (67.6) 18 (72.0) 26 (70.2) 25 (62.5)

Abnormal auscultator findings 98 (96) 24 (96.0) 36 (97.2) 38 (95.0)

Tachypnea 42 (41.1) 8 (32.0) 16 (43.2) 18 (45.0)

Diagnosis based on chest X-ray

Bronchitis 35/973 (36.0) 10/223 (54.5) 11/353 (31.4) 14 (35.0)

Pneumonia 47/973 (48.4) 7/223 (31.8) 18/353 (51.4) 22 (55.0)

Non-specific laboratory studies

WBC (x103/µL) (mean; range) 13.3 (3.4-38.38) 13.8 (4.9-23.6) 15.3 (5.8-28.3) 11.2 (3.4-27.0)

Hgb (g/dL) (mean; range) 11.2 (6.5-14.2) 10.8 (9.3-12.5) 11.1 (8.7-12.8)4 11.6 (6.5-14.2)

CRP (mg/L) (mean; range) 23.4 (0.3-179.0) 17.3 (0.8-69.2) 22.7 (6.5-128.2) 28.3 (0.7-179.0)

1 Data expressed as absolute numbers and percentage if not otherwise specified.

2 Days of acute illness, when the patient was enrolled in the study.

3 The chest X-ray was not done in all of enrolled patients in this group.

4 For one patient in this age group the result of Hgb was not available.



The study group with evidence of HBoV1 seropositivity
was subdivided into three subgroups, according to the pres-
ence of HBoV1 IgM and/or IgG antibodies (Table 2). By
comparing the presence of HBoV1 IgM and IgG among the
various age groups, a statistically significant difference was
found (p = 0.022)

The baseline characteristics of HBoV1-seropositive patients
in subgroups are illustrated in Table 3. No significant differ-
ences in clinical characteristics were found in patients
within these subgroups (Table 3).

Among the 48 (80.0%) pneumonia cases out of 60 HBoV1-
seropositive patients, a chest X-ray was made in 42 cases,
of which pneumonia was confirmed in all patients who were
positive only for HBoV1 IgM-class antibodies (n = 5;
100%) or for both — HBoV1 IgM- and IgG-specific anti-
bodies (n = 9; 100%). In patients with only HBoV1 IgG-
class antibodies, pneumonia was confirmed by chest X-ray
in 28 of 34 (73.6%) cases.

Of the 102 patients, 29 (28.4%) did not have HBoV1-
specific IgM or IgG antibodies, 14 (48.2%) of them were
males. The mean age ± SD of those 29 HBoV1-sero-
negative patients was 15.6 ± 7.9 months (median = 6.0,
range 2 to 35 months). A statistically significant difference
was observed in the presence of wheezing among the
HBoV1-negatives and positives in the three serogroups (p =
0.048). In other signs or symptoms of LRTI, no significant
differences were found.

Cytokines. Multiplex cytokine levels were measured in 60
of enrolled patients’ plasma samples. To investigate
whether acute HBoV1 infection can induce production of
Th1/Th2 cytokines, the mean cytokine levels were com-
pared between patients with and without serological evi-
dence of acute HBoV1 infection (Table 4).

The mean level of INF-� was higher in patients with evi-
dence of acute HBoV1 infection (mean ± SD; 164.1 ±

75.5), in 33 of 60 patients the level of INF-� was below the
detection level. The other Th1 cytokines TNF-� and IL-2
were undetectable in many patients, including those with
acute HBoV1 infection (Table 4). No statistically signifi-
cant differences were found when mean plasma concentra-
tions of Th1 cytokines were compared between patients
with and without acute HBoV1 infection.

The representative Th2 cytokine IL-4 was detected above
the detection threshold in 12 of 60 enrolled patients. The
concentration of IL-4 was above detection limits in three
patients with acute HBoV1 infection and was higher com-
pared with patients without acute HBoV1 infection. IL-5
was detected in all 60 patients and among them, was higher
in patients with acute HBoV1 infection (31.4 ± 2.5). Also
the plasma concentration of IL-10 was higher in patients
with acute HBoV1 infection (85.9 ± 79.7) (Table 4). Th2
cytokine IL-13 was undetectable in all 60 patients. When
mean plasma concentrations of different Th2 cytokines
were compared between two study groups, no statistically
significant differences were found.

The INF-� levels were higher in patients without acute
HBoV1 infection, compared to the patient with acute
HBoV1 infection (Table 4).

DISCUSSION

The clinical role of HBoV1 has been actively investigated
since discovery of the virus. Previous studies based on PCR
results have shown HBoV1 DNA to be frequently present in
respiratory samples of patients with upper or lower RTI
(Bastien et al., 2006; Foulongne et al., 2006; Manning et

al., 2006; Allander et al., 2007; Fry et al., 2007;
Söderlund-Venermo et al., 2009; Christensen et al., 2010;
Kalaral et al., 2010; Nascimento-Carvalho et al., 2018).
Along with other researchers, we previously demonstrated
that HBoV1 is widespread among hospitalised children in

291Proc. Latvian Acad. Sci., Section B, Vol. 73 (2019), No. 4.

T a b l e 2

FREQUENCY OF HBOV1-SPECIFIC IGM AND IGG ANTIBODIES IN PATIENTS WITH LOWER RESPIRATORY TRACT INFECTION PER AGE
GROUP

Age
Antibodies

28days-12mo
(n = 25) n (%)1

13mo-24mo
(n = 37) n (%)1

25mo-60mo
(n = 40) n (%)1

p-value2

HBoV1 IgM3 0 (0) 5 (13.5) 2 (5.0) 0.022

HBoV1 IgM/HBoV1 IgG4 0 (0) 7 (18.9) 5 (12.5) 0.022

HBoV1 IgG5 12 (48.0) 13 (35.1) 29 (72.5) 0.022

Total HBoV1 IgM 0 (0) 12 (32.4) 7 (17.5) 0.005

Total HBoV1 IgG 12 (48.0) 20 (54.0) 34 (85.0) 0.002

HBoV1, human bocavirus 1

1 Data expressed as absolute numbers and percentage.

2 Pearson chi-square and Fisher’s exact test calculated among patient age groups and the presence of HBoV1-specific IgM and/or IgG antibodies.

3 Patients positive only for HBoV1 IgM antibodies.

4 Patients positive for both, HBoV1 IgM and IgG antibodies.

5 Patients positive for HBoV1 IgG antibodies only.



Latvia, as 32.0% of the 130 nasopharyngeal aspirates
(NPAs) were shown to be HBoV1-DNA positive (Nora-
Krukle et al., 2015). However, others have shown HBoV1
DNA to be found also in asymptomatic children, and the vi-
rus moreover persists in the respiratory tract long after in-
fection. Therefore, qualitative PCR is unreliable in diagno-
sis of acute HBoV1 infection (von Linstow et al., 2008;
Blessing et al., 2009; Martin et al., 2010; Martin et al.,
2015; Qui et al., 2017; Xu et al., 2017).

Thus far, several studies have provided evidence that occur-
rence of HBoV1-specific IgM and a 4-fold increase in

HBoV1-specific IgG antibodies is a more accurate indicator
of acute HBoV1 infection (Kantola et al., 2008; Söderlund-
Venermo et al., 2009; Don et al., 2009; Kantola et al.,
2011; Nascimento-Carvalho et al., 2012; Meriluoto et al.,
2012; Nascimento-Carvalho et al., 2018). This is the first
study where HBoV1 LRTI has been diagnosed by serology
and where also cytokines have been measured.

In this cohort, 18.6% of all patients had HBoV1 IgM anti-
bodies and of them 36.8% displayed only HBoV1 IgM,
whereas 63.2% had combined positivity for HBoV1 IgM
and IgG antibodies, pointing to acute or recent HBoV1 in-
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T a b l e 3

BASELINE CHARACTERISTICS OF PATIENTS WITH DETECTABLE HBOV1-SPECIFIC IGM AND IGG ANTIBODIES IN SUBGROUPS

Patients’ subgroups depending on the presence of HBoV1-specific IgM and IgG antibodies

HBoV1 IgM1 HBoV1 IgM/IgG2 HBoV1 IgG3 p-value5

Characteristics (n = 7) n (%)4 (n = 12) n (%)4 (n = 54) n (%)4

Demographics

Age in months (median ± SD) 17.0 ± 5.7 24.0 ± 9.9 25.5 ± 14.5 0.677

Male gender 5 (71.4) 7 (58.3) 34 (62.9) 0.853

Days of acute illness6 (median ± SD) 3.0 ± 1.5 4.5 ± 1.8 4.0 ± 1.9 0.813

Days of hospitalization (median ± SD) 6.0 ± 2.5 3.5 ± 12.6 3.0 ± 2.8 0.443

Epidemiological factors

Lack of breastfeeding 4 (57.1) 6 (50.0) 18 (33.3) 0.315

Incomplete immunization 3 (42.8) 3 (25.0) 11 (20.3) 0.189

Passive smoking 3 (42.8) 3 (25.0) 23 (42.5) 0.523

Clinical signs and symptoms

Rhinitis 3 (42.8) 8 (66.6) 41 (75.9) 0.148

Pharyngitis 3 (42.8) 5 (41.6) 25 (46.2) 1.000

Conjunctivitis 0 (0) 1 (8.3) 6 (11.1) 1.000

Wheezing 4 (57.1) 6 (50.0) 22 (40.7) 0.629

Chest wall in drawing 5 (71.4) 9 (75.0) 32 (59.2) 0.659

Abnormal auscultator findings 7 (100) 12 (100.0) 50 (92.5) 1.000

Tachypnea 3 (42.8) 5 (41.6) 18 (33.3) 0.777

Diagnosis on admission

Bronchiolitis 0 (0) 0 (0) 1 (1.8) 1.000

Acute wheezing 4 (57.1) 6 (50.0) 35 (64.8) 0.617

Pneumonia 5 (71.4) 9 (75.0) 34 (62.9) 0.776

Non-specific laboratory studies

WBC (x103/µL) (mean; range) 12.36 (6.58–17.63) 14.73 (3.42–38.38) 13.02 (5.68–29.39) -

Hgb (g/dL) (mean; range) 11.3 (10.6–11.7)7 11.2 (9.6–12.8) 11.3 (6.5–13.3) -

CRP (mg/L) (mean; range) 23.7 (0.8–83.0) 26.7 (2.03–124.4) 24.7 (0.3–179.0) -

HBoV1, human bocavirus 1

1 Patients positive only for HBoV1 IgM antibodies.

2 Patients positive for both HBoV1 IgM and IgG antibodies.

3 Patients positive only for HBoV1 IgG antibodies.

4 Data expressed as absolute numbers and percentage if not otherwise specified.

5 Fisher’s exact test calculated among patient subgroups and the baseline clinical characteristics.

6 Days of acute illness, when the patient was enrolled in the study.

7 For one patient in this group, the result of Hgb was not available.



fection, respectively. The mean age of HBoV1 IgM posi-
tives was 23.3 months. By serology, it has been shown that
HBoV1 primary infections occur in early childhood. In a
previous study, 97% of children below the age of 3 years
were observed to be seroconverted, however, cross-re-
activity was not blocked, perhaps giving an overestimate of
the true seroprevalence (Kantola et al., 2008). Another
study conducted in Germany reported that acute HBoV in-
fection is most frequent in children aged 10–30 months, and
only 1.8% of children after 30 months of age showed mark-
ers of acute HBoV infection (Karalar et al., 2010). In our
study, most frequently HBoV1 IgM was detected in chil-
dren aged 13–24 months and the proportion of HBoV1
IgM-positive patients decreased constantly with age (p =
0.005). Beyond 24 months merely 5% had HBoV1 IgM
without IgG antibodies, indicating that HBoV1 acute infec-
tion occurs preferentially in children below age two years.
These results are consistent with a Finnish–Italian study,
where 24% of patients with community-acquired pneumo-
nia were HBoV1 IgM positive below two years, and 14% at
2–4 years of age (Don et al., 2009).

In our study, infants with age less of 12 months were posi-
tive only for HBoV1 IgG antibodies. A high prevalence of
HBoV1 IgG antibodies in infants below six months of age
has been shown previously. In these studies, HBoV IgG an-
tibodies were found in over 90% of infants below three
months of age (Endo et al., 2007; Kahn et al., 2008). The
high seroprevalence of HBoV1 among young infants is due
to maternal antibodies, which have a protective role against
HBoV1 infection in the first months of life (Söderlund-
Venermo et al., 2009; Jartti et al., 2012; Meriluoto et al.,
2012).

It has been shown by serology that the seroprevalence in-
creases with age, and at the age of six years almost all chil-
dren have been infected with HBoV1 and have circulating
IgG antibodies (Endo et al., 2007; Kantola et al., 2008;
Söderlund-Venermo et al., 2009; Meriluoto et al., 2012;
Kantola et al., 2015). In the present study, prevalence rates
of virus-specific antibodies also increased along with time
from 54% at 12–24 months to 85% at five years of age.

Although, the aetiological role of HBoV1 in respiratory ill-
nesses has been questioned, clinical studies applying more
accurate diagnostic markers, such as detection of messenger
(m)RNA and viral load assessment in airway samples as
well as serology and HBoV1 DNA detection in blood, have
provided evidence of HBoV1 being an important respiratory
pathogen in children (Kantola et al., 2008; Söderlund-
Venermo et al., 2009; Christensen et al., 2010; Don et al.,
2010; Deng et al., 2012; Nascimento-Carvalho et al., 2012;
Xu et al., 2017; Nascimento-Carvalho et al., 2018). Com-
munity-acquired pneumonia, acute wheezing, bronchiolitis,
common cold and also otitis media and asthma exacerba-
tions have been reported as clinical manifestations of
HBoV1 infection (Jartti et al., 2012; Qui et al., 2017). In
our study, among HBoV1 IgM positive patients, pneumo-
nia was diagnosed and confirmed by chest X-ray in 14 pa-
tients, whereas acute wheezing in 10 patients. The differ-
ence in clinical findings in our patients with serologically
verified acute or recent HBoV1 infection did not reach sta-
tistical significance. On the one hand, this can be explained
by the fact that all patients in this study did present with
LRTI symptoms. On the other hand many viruses do exhibit
similar clinical pictures and cannot be clinically differenti-
ated (Pavia, 2011). Although, the exact clinical picture of
acute HBoV1 infection remains to be defined, in several
case reports severe and even life-threatening respiratory
tract diseases due to HBoV1 in children have been disclosed
(Ursic et al., 2011; Körner et al., 2011; Edner et al., 2012;
Jula et al., 2013; Ursic et al., 2015; Moesker et al., 2015;
Eskola et al., 2017).

The lack of non-symptomatic population controls is a limi-
tation of this study. It would be difficult to collect blood
samples from healthy children. However, we believe that
the detection of HBoV1-specific IgM and IgG of patients
with LRTI was sufficient to characterise the role of HBoV1
and diagnose acute HBoV1 infection among the study
population.

In the literature, the pathogenesis of HBoV1 has been char-
acterised only provisionally, including HBoV1-specific T-
cell immunity. Thus far, the findings suggest that HBoV1
infection can induce production of Th1/Th2 cytokines and
therefore play a major role in protection against the disease
(Chung et al., 2008; Kumar et al., 2011; Hirose et al., 2014;
Guido et al., 2016).

Another limitation of the present study due to economical
restrictions was that plasma cytokine levels were measured
only in 60 of the 102 patients. It is probable that studying
cytokine levels in all patients would have increased the di-
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T a b l e 4

PROFILES OF PLASMA CYTOKINES IN PATIENTS WITH AND
WITHOUT ACUTE HBOV1 INFECTION

Cytokines Cases without acute
HBoV1 infection1

Cases with acute
HBoV1 infection2

p-value3

n = 48
mean pg/ml (number

of samples with
detectable level of

cytokine)

n = 12
mean pg/ml (number

of samples with
detectable level of

cytokine)

INF-� 140.5 (20) 164.1 (7) 0.095

TNF-� 16.1 (4) NA4 -

IL-2 50.8 (8) NA4 -

IL-4 27.9 (9) 29.5 (3) 0.467

IL-5 30.3 (48) 31.4 (12) 0.461

IL-10 70.8 (14) 85.9 (4) 0.265

INF-� 75.9 (48) 62.3 (12) 0.366

1 HBoV1-seronegative patients and those positive only for HBoV1-IgG.

2 Patients positive for HBoV1-IgM.

3 Likelihood Ratio calculated among cases with and without acute HBoV1
infection and mean level of plasma cytokines.

4 NA, the cytokine concentration was under the detection level in all the pa-
tients in this group.



agnostic yield. In our study, the plasma levels of INF-�,
IL-4, IL-5 and IL-10 were elevated in patients with evi-
dence of acute HBoV1 infection. In a previous study
(Chung et al., 2008) where Th1/Th2 cytokines were ana-
lysed in NPAs of children with acute bronchiolitis, the lev-
els of IFN-�, IL-2 and IL-4 were higher in HBoV1
DNA-positive patients than in asymptomatic controls. In
another study, significantly higher serum levels of TNF-�,
IL-5 and IL-2 were observed in HBoV1 DNA-positive than
in respiratory syncytial virus positive patients (Hirose et al.,
2015). However, these studies did not verify acute HBoV1
infections by serology.

CONCLUSIONS

The results of the present study show that among 102 chil-
dren hospitalised with LRTI, 18.6% had an acute or recent
HBoV1 infection as proved by the presence of HBoV1-
specific IgM. In these children also plasma cytokine levels
were observed. Furthermore, the seroprevalence of HBoV1-
specific IgG increased with age, reaching 85% by five years
and LRTI caused by HBoV1 occurred more often in chil-
dren up to two years of age.
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SEROLOÌISKI NOTEIKTAS CILVÇKA BOKAVÎRUSA 1 INFEKCIJAS BIEÞUMS HOSPITALIZÇTIEM BÇRNIEM AR DZIÏÂKO
ELPCEÏU INFEKCIJU LATVIJÂ

Kopð cilvçka bokavîrusa (HBoV) 1 atklâðanas 2005. gadâ tas tiek uzskatîts par vienu no vizplatîtâkajiem elpceïu vîrusiem pasaulç.
Pierâdîts, ka HBoV1 ierosina akûtas augðçjo un dziïâko elpceïu infekcijas bçrniem. Infekcijas noteikðanai bieþi tiek pielietota polimerâzes
íçdes reakcija (PÍR), taèu, òemot vçrâ, ka HBoV1 klâtbûtne augðçjo elpceïu sekrçtâ var bût ilgstoða un tâ bieþi tiek noteikta kopâ ar citiem
elpceïu vîrusiem, pozitîvu kvalitatîvâs PÍR rezultâtu interpretâcija ir sareþìîta. Ðî pçtîjuma mçríis bija noskaidrot akûtu HBoV1 infekciju
bieþumu, nosakot HBoV1 specifisko IgM un IgG klases antivielu klâtbûtni, pçtît pirmâ un otrâ tipa T lîdzçtâjðûnu citokînu koncentrâciju
plazmas paraugos un aprakstît akûtas HBoV1 infekcijas klîniskâs îpatnîbas hospitalizçtiem bçrniem ar akûtu dziïâko elpceïu infekciju
vecumâ lîdz pieciem gadiem. HBoV1 specifiskâs IgM klases antivielas tika konstatçtas 19/102 (18,6%) un IgG klases antivielas 66/102
(64,7%) pacientiem. Visbieþâk HBoV1 IgM klases antivielas tika konstatçtas pacientiem vecumâ no 13 lîdz 24 mçneðiem. Pneimonija un
akûta sçkðana bija visbieþâk noteiktâs diagnozes pacientiem ar akûtu HBoV1 infekciju. HBoV1 IgG seroprevalence pieauga lîdz ar pacientu
vecumu, sasniedzot 85% lîdz piecu gadu vecumam. Citokînu INF-gamma, IL-4, IL-5 un IL-10 augstâkas koncentrâcijas tika noteiktas
pacientiem ar akûtu HBoV1 infekciju.

Received 7 February 2019
Accepted in the final form 23 April 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


