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Abstract

Human Bocavirus 1 (HBoV1) is a parvovirus associated with
acute lower respiratory tract infection (LRTI). This study describes
the clinical picture of HBoV1 infection at high viral load in infants
without coinfections or comorbidities. Patients less than 5 years old
admitted for LRTI at the Children’s Hospital of Cordoba, Argentina,
were prospectively screened for HBoV1 by PCR. HBoV1 genome load
in respiratory secretion was determined by qPCR and clinical and
epidemiological data were collected in ad-hoc forms. We identified 7
patients with HBoV1 infection with clinical specimens collected within
24 h of admission, high viral load, no codetection, no comorbidity
and complete medical records. Other than the age (6 patients were
<6 months) no outstanding risk factors were recognized. Wheezing
and hypoxemia were present together in the majority of the patients
(6/7, 86%). Lung infiltrates confirmed pneumonia in 5/7 (71%)
patients. The average hospital stay was 5.9+3.0 days; none died and
no additional complications were registered at discharged. Compared
to RSV, the clinical picture showed differences only respect to days of
oxygen therapy (p=0.0004) and hospital stay (p=0.036). Consequently,
when other pathogens have been ruled out, testing HBoV1 in infants
hospitalized with LRTI can contribute to improve patient care.
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Introduction

Human Bocavirus 1 (HBoV1) is a parvovirus associated with
acute lower respiratory tract infection (LRTI), which is a main
cause of morbimortality in children around the world [1,2].
HBoV1 detection rate varies widely from less than 1 to more
than 30% but usually it is a frequent virus in infants with acute
respiratory disease [3-10]. IgG prevalence screening among
young adults indicates that the virus is widely distributed in the
human population and pre-school aged children are the major
susceptible group [11]. The role of HBoV1 as an independent
causal agent in acute respiratory disease has been discussed due
to the high codetection rate and the detection of the viral genome

in asymptomatic individuals [3,12-17]. However, both findings
are now postulated to be linked to the virus persistence in the
respiratory tract [3,18]. Retrospective studies based on detection
of HBoV1 infection and its correlation with signs and symptoms
registered at the events of positive samples showed that the
primary infection causes illness in children [19,20]. Additionally,
symptoms have been shown to depend on high viral loads [10,21-
24]. However, HBoV1 natural history of infection and the genuine
clinical manifestations associated remain challenging, especially
in the scenario of a persistent infection. In this study, we describe
the clinical cases of high viral load-HBoV1 infection in infants
without coinfections and comorbidities, hospitalized for acute
lower respiratory tract disease.

Material and Methods
Study population

Patientslessthan 5 yearsold admitted for LRTIatthe Children’s
Hospital Santisima Trinidad of Cordoba city, Argentina, from
January 1, 2011, to December 31, 2013, were included. Clinical
diagnosis and recording of cases were performed by physicians
at the hospital. Nasopharyngeal aspirate and blood samples
were obtained for detection of common respiratory viruses and
bacteria, as part of the routine medical practice and surveillance
of respiratory viruses (situation room). HBoV1 was assayed by
molecular technique in the respiratory sample. Regardless of this
study, patients were treated according to the guidelines of the
hospital. Clinical and epidemiological data of the patients were
registered in ad-hoc forms at the time of admission. The forms
were completed with information obtained from the medical
records. These contained the following information: age, sex, date
of entry and exit (days of hospitalization), date of collection of
clinical specimens, leukocyte count, Erythrocyte Sedimentation
Rate (ESR); signs and symptoms: fever (temperature = 38.5°C),
cough, rhinitis, cyanosis, apnea, wheezing, emesis, diarrhea,
rash; risk factors: including previous episodes of LRTI and
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hospitalization, breastfeeding, passive smoking, contact with
person with symptoms of respiratory infection, nutritional
status, environmental pollution, overcrowding in housing,
vaccines, attendance at daycare, family history of asthma, atopy,
personal risk factors; diagnosis on admission; chest X-ray;
treatments (oxygen therapy, mechanical ventilation, antibiotics,
antivirals, other treatments); results of blood culture and
diagnosis by immunofluorescence [Respiratory Syncytial Virus
(RSV), Paralnfluenza 1, 2 and 3 (PI), Influenza A and B (FLU),
Adenovirus (ADV) and Meta Pneumo Virus (MPV)]; complications
(admission at ICU, death); and diagnosis at discharge. Cases with
incomplete medical history were not considered in the analysis.
The following criteria were considered to include patients for
the analysis of HBoV1 associated clinical manifestations: high
viral load of HBoV1, clinical samples obtained within 24 h of
admission, no positive detection in the blood culture test or in
the detection of any other viruses, no comorbidities (congenital,
chronic, or immunodeficiency conditions).

HBoV1 Detection

Respiratory secretions were vortex with 1 ml phosphate
buffer solution (PBS) and glass beads. After centrifuging at
1000 rpm for 5 min the pellet was suspended in 500 pl PBS and
200 pl of this suspension was used to extract nucleic acid with
guanidinium buffer and silica [25]. Briefly, this technique implies
treating the sample with with a strong chaotropic agent and
allowing the binding of nucleic acids to silica particles in a low
pH-buffer. After several washings with ethanol and acetone, the
extracts are completely dried and recovered in TE bufer (pH 8.0)
at 56°C. A 2-pl aliquot of nucleic acid extract was used as template
in the PCR assay, which amplified a region of HBoV1 NP1 using
primers and Taq polymerase from Invitrogen / Thermo Fisher.
The forward and reverse primers had the following sequences
and positions: 5’-GAGCTCTGTAAGTACTATTAC, nucleotides 2351
to 2371, and 5’-CTCTGTGTTGACTGAATACAG, nucleotides 2704
to 2684, respectively, on the GenBank sequence with accession
number accession number DQ000496 [26]. The PCR products
were resolved in 10% polyacrylamide gel electrophoresis and
visualized after 0.011 M silver staining. These protocols were
described previously [27,28].

Quantification of HBoV1-Positive Specimens

Real-time PCR was performed as described before, using the
NP1 gene as the target for HBoV1 relative quantification [10].
The 25 pL amplification reaction contained 2.5 pL of DNA sample,
5 U/uL Platinum Taq DNA polymerase (Invitrogen / Thermo
Fisher), 0.04 uM of each primer and 0.1 uL ofa 1/100 SYBR green
(Invitrogen S-7563) dilution in DMSO. Viral load in each sample
was estimated according to the 2-ddCt-method and the patients
were classified in two categories: low viral load (fold change
value 0-49.9) and high viral load (fold change value = 50).

Analysis of Data

Variables were expressed by measures of central tendency,
standard deviation, range, frequency and 95% confidence
intervals (95% CI) as appropriate. Statistical tests to determine
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significant differences: non-parametric Wilcoxon-Mann Whitney
and Fisher (a = 0.05).

Ethical Approval

The protocol was approved by the Institutional Ethics
Committee for Research in Human Health (CIEIS del Nifio y
el Adulto del Polo Hospitalario Cordoba) and was carried out
according to current regulations, including informed consent of
participants.

Results

The study sample included 1416 clinical specimens from 1206
patients, 2281in 2011, 351 in 2012 and 627 in 2013. Of these, 151
(12.5%) were positive for HBoV1, 16/228 (7%) in 2011, 50/351
(14.4%) in 2012 and 85/627 (13.6%) in 2013.

HBoV1 was detected throughout the entire period studied,
although most cases occurred during the fall season (Fig.1).
Among the HBoV1-positive patients, 72/151 (47.7%) had no
evident coinfection with other respiratory pathogen and 48 of
these had complete medical records. We excluded 8 patients
with comorbidites (asthma, heart disease, Down syndrome and
nephrotic syndrome) from this last group and in the remaining
40 only 7 patients had high viral load, which constituted the final
study sample.

Epidemiological features of the study group and clinical
presentation of HBoV1 infection. The majority of the cases were
infants of 6 months orless (6/7,85.7%) with no other outstanding
risk factors (Table 1). Blood tests showed leukocytosis in 4/7
(57%) patients (average count 23125 + 3559 / mm3, range:
19150 - 27000, 95% CI: 21346 - 24905) and high ESR in 3/7
(43%) patients (average 42 + 14 mm / h, range: 26 - 50, 95% CI:
35-50). As shown in Table 2, wheezing, coughing and fever were
the most frequent clinical manifestations. Most patients were
admitted with a diagnosis of bronchiolitis and required oxygen
therapy (although none needed mechanical ventilation). Chest
X-ray images indicate the presence of infiltrates corresponding
to a radiological diagnosis of pneumonia in the majority of
the patients, while the presence of air trapping confirmed the
diagnosis of bronchiolitis in 1 patient. The average hospital stay
was 5.9 * 3.0 days; none died and no other complications were
registered at discharged. A comparison of HBoV1 clinical picture
to that of an equivalent group of RSV infection showed significant
differences only respect to number of days of oxygen therapy (4.2
+ 2.0 vs 8.7 * 8.0, respectively, p = 0.0004) and days of hospital
stay (5.9 + 3.0 vs 9.0 * 6.0, respectively, p = 0.036); all other
features were similar.

The risk factors and clinical presentation in patients with
the first episode of LRTI and hospitalization were compared to
those in patients who had previous LRTI events (Tables 1 and
2). A tendency to increased personal risk factors among patients
with previous LRTI episodes was noticed, as well as more days
of oxygen therapy and longer hospital stay among first-episode
LRTI patients. However, no statistically significant differences
were observed between these two groups.
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previous episodes of LRTI (n=3).

Table 1: Demographic and epidemiological risk factors of previously healthy pediatric patients hospitalized for LRTI with single HBoV1 infection at
high viral load. The study group (n=7) was classified in the subgroups of patients presenting with the first episode of LRTI (n=4) and patients with

HBoV1 (n=7)

HBoV1-First LRTI Episode (n=4)

HBoV1-with Previous LRTI
Episodes (n=3)

Demographic data

Proportion of male children

5/7 (71%)

3/4 (75%)

2/3 (67%)

Age (months)

Range 1-29 1- 2-29
Average + SD 7.0+9.9 3.0+22 12.0 +14.6
Median 3 3 6

Epidemiological risk factors

person (LRTI)

Lack of breastfeeding 3/7 (43%) 2/4 (50%) 1/3 (33%)
Malnutrition 0 0 0
Personal risk factors! 3/7 (43%) 1/4 (25%) 2/3 (67%)
Atopy 0 0 0
Family history of asthma 0 0 0
Passive smoking 2/7 (29%) 0 2/3 (67%)
Overcrowding in housing 0 0 0
Contact with symptomatic 1/7 (14%) 0 1/3 (33%)

Incomplete vaccine

4/7 (57%)

2/4 (50%)

2/3(67%)

schedule
Daycare 0 0 0
Environmental pollution 2/7 (29%) 0 2/3 (67%)

1Preterm birth, chronic obstructive bronchitis.

No statistically significant differences were found comparing patients with the first LRTI episode and patients with previous episodes of LRTI.

of LRTI (n=3).

Table 2:Clinical characteristics of previously healthy pediatric patients hospitalized for LRTI with single HBoV1 infection at high viral load. The

study group (n=7) was classified in the subgroups of patients presenting with the first episode of LRTI (n=4) and patients with previous episodes

HBoV1 (n=7) HBoV1-First LRTI Episode (n=4) HBoV1-with Previous LRTI
Episodes (n=3)

Clinic
Signs and symptoms
Wheezing 6/7 (86%) 4/4 (100%) 2/3 (67%)
Coughing 5/7 (71%) 2/4 (50%) 3/3(100%)
Fever 3/7 (43%) 2/4 (50%) 1/3 (33%)
Rhinitis 2/7 (29%) 2/4 (50%) 0
Cyanosis 1/7 (14%) 1/4 (25%) 0
Subcrepitant rales 1/7 (14%) 1/4 (25%) 0
Diarrhea 1/7 (14%) 1/4 (25%) 1/3 (33%)
Apnea 2/7 (29%) 2/4 (50%) 0
Rhonchus 0 0 0
Suffocation 1/7 (14%) 0 1/3 (33%)
Intercostal retraction 2/7 (29%) 2/4 (50%) 0
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Tachypnea ‘ 1/7 (14%) 1/4 (25%) 0
Diagnosis on admission

Bronchiolitis 7/7 (100%) 4/4 (100%) 3/3 (100%)
Pneumonia 0 0 0
Chest radiography

Interstitial infiltrOate 3/7 (43%) 2/4 (50%) 1/3 (33%)
Interstitial alveolar infiltrate 1/7 (14%) 0 1/3 (33%)
Alveolar infiltrate 1/7 (14%) 1/4 (25%) 0

Air trapping 1/7 (14%) 0 1/3 (33%)
Bronchial wall thickening 1/7 (14%) 1/4 (25%) 0
Therapy

Oxygen requirement 6/7 (86%) 3/4 (75%) 3/3 (100%)
Range (days) 2-7 4-6 2-7
Average time + SD 4220 4712 3.7+29
95%ClI 34-5.0 41-54 21-54
Mechanical ventilation 0 0 0
Antibiotics 6/7 (86%) 4/4 (100%) 2/3(67%)
Antiviral (oseltamivir) 3/7 (43%) 1/4 (25%) 2/3 (67%)
Complications 0 0 0
Hospitalization

Range (days) 2-9 5-9 2-6
Average + SD 59+3.0 7.0+1.8 43+4.0
95%CI 55-6.4 6.7-73 3.7-5.0
Diagnosis based on chest X-ray

Bronchiolitis 2/7 (29%) 1/4 (25%) 1/3 (33%)
Pneumonia 5/7 (71%) 3/4 (75%) 2/3 (67%)

No statistically significant differences were found comparing patients with the first LRTI episode and patients with previous episodes of LRTI.

Discussion

In this report, we describe a case series study of high viral
load HBoV1 infection in previously healthy children hospitalized
for acute LRTI. The prospective selection of clinical situations
and individualized recording of each case allowed documenting
quality data. In addition, the detection of HBoV1 was done by
means of NP1 gen detection in conventional PCR. This diagnosis
methodology is convenient for being it is highly specific (no other
human bocaviruses are amplified) and at the same time sensitive
(demonstrated by the qPCR, as most of the cases were low viral
load infections) [29].

One limitation of this study that could be considered is the
lack of detection of other respiratory agents by molecular method.
However, it is important to note that only selected cases of HBoV1
infection were analyzed (high viral load, no comorbidity). It has
been observed that respiratory codetections are very frequent
and the etiological participation of the different coinfecting agents
is not easy to discern [30,31]. Thus, the detection of common
respiratory agents by immunofluorescence is still preferred in
some clinical settings, since due to its lower sensibility it can
indicate cases of at high viral load.

The age of the patients in the study group shows that HBoV1
infection capable of causing severe acute respiratory illness
occurs early in life, including the neonatal and breastfeeding
period (Table 1). The group of incidence is similar to other
significant respiratory pathogens in infants, such as RSV and PI
viruses [32]. Accordingly, HBoV1 infection in very young children
can relate to the immaturity of the innate immune response,
which renders them more susceptible to respiratory infections
during the first months of life [33,34]. The event of infection in
newborns and young infants has been reported previously and
raises questions concerning the presence of maternal antibodies
with effective protection in this age group [10,24,35]. In this
regard, serological studies initially indicated that around 100%
of the adults had antibodies against human bocavirus, which led
to propose that newborns are protected by maternal antibodies
[36-38]. Recently, however, cross reactions and a phenomenon
called “original antigenic sin” have been reported to occur among
different types of human bocaviruses (at present 4 genotypes
have been identified: HBoV1 associated with respiratory
infection and HBoV2-4 associated with infection of the enteric
tract but currently not related to disease) [11,39-41]. As a
result, infection with one HBoV type induces antibodies that can
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react with a different type of HBoV. Thus, the seroprevalence of
HBoV1 in adults is actually lower than originally thought (60-
70%). Also, a previous infection with one HBoV type can make a
child not to launch antibody response when he or she contracts
infection by a second type of HBoV. These facts could explain our
findings of HBoV1 infection in the first 6 months of life in spite
of breastfeeding. Alternatively, our observations could suggest a
short incubation time, rapid colonization of the respiratory tract
and onset of the illness, in which case serum immunoglobulins
would have a limited role in the control of infection -although
viral DNA has been demonstrated in serum and thus the infection
is not strictly localized [1,6,19,42]. Contact with symptomatic
person was observed in one case only (Table 1), which could
imply contagion from asymptomatic individuals; otherwise,
it can be proposed, considering the physical properties of the
family Parvoviridae, that the viral particle remains infectious in
the environment for long periods.

Regarding the clinical picture, the majority of the patients
presented wheezing, coughing and hypoxemia at the time of
admission. The chest X-ray images displayed lung infiltrates in
80% cases, framed in the pattern of viral pneumonia. The average
stay at the hospital was 5.9 # 3.0 days after which all patients were
discharged without complications (Table 2). Thus, radiologically
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confirmed pneumonia was the predominant diagnosis and the
clinical presentation of HBoV1 infection in infants fits into the
overall picture of LRTI caused by other common viral respiratory
pathogens of medical importance in this age group [2,43]. HBoV1
infection differed from RSV infection only respect to the number
of days of oxygen and hospitalization. Taking into account that
HBoV1 is a prevalent virus in children and the infection can
be as severe as that caused by other common respiratory viral
pathogens, HBoV1 diagnosis could be considered in infants
hospitalized with LRTI, especially when other agents have been
ruled out. In this matter, note that 86% of the patients were treated
with antibiotics (Table 2). This is a common situation with young
children hospitalized for LRTI and it is noteworthy to mention
that the results of this study were not available to the physicians
until after discharge. But it has been shown recently that the
proportion of community acquired pneumonia (CAP) of viral
origin exceeds by far that of bacterial CAP in children less than 5
years old, addressing the need to re-evaluate the empiric use of
antimicrobial treatment in this age group [44]. The diagnosis of
HBoV1 not only could assist in the medical management of the
patient but also contribute to surveillance of respiratory viruses,
since the increased frequency of cases in the cold months (Figure
1) accompanies the seasonal peak of other respiratory viruses
such as RSV and FLU [45,46].
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Figure 1: Children less than 5 years old admitted at the Children’s Hospital of Cordoba, Argentina, with lower acute respiratory tract infection, during
fall and winter (epidemiological weeks 13 through 36), 2011 - 2013. In this period occurred the majority of the cases studied (1008/1206, 83.6%)
and HBoV1 detections (134/151, 88.7%). The y-axes show absolute numbers, the left one for bars and the right one for lines

Recurrent episodes of LRTI might indicate a special
susceptibility to respiratory infections and pathogens such as
RSV or FLU can cause a severe illness depending on genetic risk
factors that turn the host more vulnerable [47,48]. Therefore,
patients with first-episode LRTI were compared to patients who
had previous episodes of LRTI and hospitalization (Tables 1 and
2). We could not identify any significant differences in the course
of infection in these two groups, although the number of cases
studied was too small. In order to elucidate the factors involved
in the balance of HBoV1 infection a bigger sample of patients
meeting the inclusion / exclusion criteria used here is needed.
For this reason, and given the high percent of codetection and low
viral load HBoV1 infections, more studies of this type with large
numbers of patients tested are justified.

In conclusion, high viral load infection of the lower respiratory
tract by HBoV1 in previously healthy infants generally presented
with wheezing, hypoxemia and cough; the prevalent diagnosis
was pneumonia (interstitial and alveolar infiltrates) with good
evolution. Future research focused in the natural history of
HBoV1 as well as virus-host interactions will allow establishing
a practical method to diagnose the infection in the context of
illness.
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