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Abstract

Objective: This study aimed to investigate the clinical characteristics
of pediatric patients diagnosed with acute respiratory infections in the
Pediatric Intensive Care Unit at Bakirkdy Dr. Sadi Konuk Training and Re-
search Hospital, whose nasopharyngeal swab samples tested positive for
human bocavirus (HBoV). The prevalence of HBoV as a solitary infection
or in co-infection and its clinical distinctions were examined.

Material and Methods: The study included 50 children who were
monitored in the Pediatric Intensive Care Unit of Bakirkdy Dr. Sadi Konuk
Training and Research Hospital between 2015 and 2021 diagnosed with
acute respiratory infections and were found to be positive for HBoV in
nasopharyngeal swab samples. Demographic and clinical information
for all patients was collected, and symptoms such as respiratory distress,
cough, and fever were recorded. Nasopharyngeal swab samples were
analyzed using a polymerase chain reaction panel that tested for 14
different viruses to determine the presence of HBoV and other viral
agents. Patients with solitary HBoV infection and those with detected co-
infections were compared to assess clinical progressions and laboratory
findings. Statistical analyses were conducted using IBM SPSS Statistics 22
(IBM SPSS, Tiirkiye), with a significance level set at p< 0.05.

0Oz

Giris: Bu calismanin amaci, Bakirkdy Dr. Sadi Konuk Egitim ve
Arastirma Hastanesi ¢ocuk yogun bakim Unitesinde akut solunum
yolu enfeksiyonu tanisi alan ve nazofarengeal slriintli 6rneklerinde
insan bokavirtisi (HBoV) pozitifligi saptanan cocuk hastalarin klinik
dzelliklerini arastirmaktir. insan bokaviriisiiniin tek basina veya birlikte
enfeksiyon olarak goriilme sikhigi ve klinik ayrimlari incelenmistir.

Gereg ve Yontemler: Calismaya 2015-2021 yillan arasinda ¢ocuk yogun
bakim tinitesinde akut solunum yolu enfeksiyonu tanisiyla izlenen ve
nazofarengeal siriintl 6rneklerinde HBoV pozitifligi saptanan 50 cocuk
dahil edilmistir. Tum hastalar icin demografik ve klinik bilgiler toplanmis
ve solunum sikintisi, 6ksuriik ve ates gibi semptomlar kaydedilmistir.
Nazofarengeal stirlintti 6rnekleri, HBoV ve diger viral ajanlarin varligini
belirlemek igin 14 farkli virlisi test eden bir polimeraz zincir reaksiyo-
nu paneli kullanilarak analiz edilmistir. Tek basina HBoV enfeksiyonu
olan hastalar ile ko-enfeksiyon tespit edilen hastalar klinik ilerlemeleri
ve laboratuvar bulgularini degerlendirmek tizere karsilastinimistir. ista-
tistiksel analizler IBM SPSS Statistics 22 (IBM SPSS, Tiirkiye) kullanilarak
gergeklestirilmis ve anlamlilik diizeyi p< 0.05 olarak belirlenmistir.

Bulgular: Calismaya dahil edilen 50 hastanin %86'sinin U¢ yasin altinda
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Results: It was determined that 86% of the 50 patients included in the
study were under the age of three. Rhinovirus was identified as the most
common co-infecting agent. Patients in the co-infection group exhibited
significantly longer durations of symptoms (p= 0.014), and the frequency
of atelectasis was notably higher in the co-infection group (p= 0.009). In
the group with sole HBoV infection, eosinophil levels were found to be
significantly higher (p=0.002).

Conclusion: This study demonstrates that HBoV can appear both as a
sole infection and in co-infection in children suffering from acute respira-
tory infections. No significant differences in clinical symptoms were ob-
served between the groups. The duration of breastfeeding was found to
be longer in the group with sole HBoV infection. Patients in the co-infec-
tion group exhibited longer durations of symptoms. Patients with only
HBoV infection had a higher absolute eosinophil count while a higher in-
cidence of atelectasis was observed in the co-infection group. These find-
ings suggest the need for further studies to confirm these observations.

Keywords: Human bocavirus, paediatric intensive care, acute respiratory
tract infection

Introduction

Acute respiratory infections represent a significant source
of mortality and morbidity among children globally. Virus-
es are known to be responsible for approximately 80% of all
acute respiratory infections. The most frequently identified
viruses are rhinovirus, respiratory syncytial virus (RSV), in-
fluenza, parainfluenza, metapneumovirus, and adenovirus.
However, recent advances in polymerase chain reaction (PCR)
research have facilitated the identification of new viruses (1).

Human bocavirus (HBoV), first identified in 2005 among
children with acute respiratory infections, is categorized as a
non-enveloped, single-stranded DNA virus within the Parvo-
viridae family (1). Of the HBoV types, HBoV-1 is associated
with respiratory infections, while HBoV-2, HBoV-3, and HBoV-4
have been found in fecal samples and are recognized as caus-
es of gastroenteritis. From 2005 to 2024, HBoV was detected
in 3.1% to 22.5% of nasopharyngeal aspirate samples from
children diagnosed with acute respiratory infections (1,2).
The virus predominantly affects children under five years old,
especially those with lower respiratory tract infections, and is
implicated in the pathogenesis of severe clinical conditions
such as bronchiolitis, pneumonia, and asthma exacerbations.
While it can be detected year-round, incidences peak during
the winter and spring months (3). There are studies suggest-
ing that respiratory infections caused by HBoV can be as se-
vere as those caused by other viruses, though others indicate
no significant difference in clinical severity (4).

Research has frequently demonstrated that HBoV is com-
monly detected in respiratory samples alongside other virus-
es. A prospective study published in 2010 found HBoV in 33%
of 318 acute respiratory disease cases, with 72% of these cases
also testing positive for other viruses. The detection of HBoV
in 44% of samples from asymptomatic individuals in this study
has led to the hypothesis that HBoV might be more of a col-
onizer than a pathogen, influencing subsequent research di-

oldugu tespit edilmistir. Rinovirlis en yaygin ko-enfeksiyon etkeni olarak
tespit edilmistir. Ko-enfeksiyon grubundaki hastalarda semptomlarin g6-
rilme suresi belirgin sekilde daha uzundur (p= 0.014) ve atelektazi sikhigi
ko-enfeksiyon grubunda belirgin sekilde daha yiiksektir (p= 0.009). Tek
HBoV enfeksiyonu olan grupta eozinofil seviyeleri belirgin sekilde daha
yuiksek bulunmustur (p= 0.002).

Sonug: Bu calisma, HboV'nin akut solunum yolu enfeksiyonu gegiren ¢o-
cuklarda hem tek basina hem de birlikte enfeksiyon olarak ortaya cika-
bilecegini gostermektedir. Gruplar arasinda klinik semptomlar acisindan
onemli bir fark gézlenmemistir. Tek basina HBoV enfeksiyonu geciren
grupta emzirme suresi daha uzun bulunmustur. Ko-enfeksiyon grubun-
daki hastalar daha uzun sireli semptomlar sergilemistir. Sadece HBoV
enfeksiyonu olan hastalarda mutlak eozinofil sayisi daha yuksekken,
ko-enfeksiyon grubunda daha yiksek atelektazi insidansi gézlenmistir.
Bu bulgular, bu g6zlemleri dogrulamak icin daha fazla calisma yapilmasi
gerektigini gostermektedir.

Anahtar Kelimeler: insan bokaviriisii, cocuk yogun bakim, akut solunum
yolu enfeksiyonu

rections (5,6). Later studies have identified a strong correlation
between HBoV viral load and disease severity, establishing it
as a respiratory pathogen (7). Furthermore, another study
conducted in 2010 investigated HBoV serology in patients
suffering from respiratory infections and demonstrated an in-
crease in immunoglobulin G titers, indicating HBoV's role as a
causative agent in respiratory infections (8).

Research has shown that HBoV can be detected in respira-
tory samples for up to 75 days in patients monitored on an
outpatient basis and for up to 4.5 months in those hospitalized
(5). The frequent detection of HBoV along with other viruses
in symptomatic patients, and its presence in asymptomatic
individuals, may be explained by this prolonged shedding.
Research supports the idea that the detection of HBoV alone,
the demonstration of viremia, and a high viral load could be
indicative of an actual HBoV infection (9,10). However, more
comprehensive research is necessary to better understand
the clinical progression and characteristics of this virus and its
co-infections.

In this study, we examined patients who were monitored
in our hospital’s pediatric intensive care unit for acute respira-
tory infections between 2015 and 2021 and tested positive
for HBoV in nasopharyngeal swab samples. Our aim was to
describe the clinical and serological features of these patients
and to investigate the differences between cases of HBoV as a
sole infection and as a co-infection.

Materials and Methods

Our study was designed as a single-center, retrospective
analysis. Between 2015 and 2021, 50 pediatric patients diag-
nosed with acute respiratory infections and admitted to the
pediatric intensive care unit of hospital, who tested positive
for HBoV in nasopharyngeal swab samples, were included in
the study. Information such as age, birth weight, gestation-
al age, known medical history, medication use, any visits to
other healthcare facilities within the last week, prior nebulizer
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treatments, and family history of asthma or atopy was collect-
ed from the families and recorded. Upon admission to the in-
tensive care unit, PRISM scores, blood gas analyses, complete
blood counts, C-reactive protein levels, immunoglobulin lev-
els, and chest radiography findings of the patients were also
documented. Throughout their clinical course, the patients’
needs for non-invasive and invasive mechanical ventilation,
as well as total length of stay, were monitored and recorded.

All nasopharyngeal swab samples from the patients were
analyzed at the Microbiology Laboratory of Hospital using
a real-time (RT) PCR panel that covers 14 viruses, including
SARS-CoV, influenza virus, parainfluenza virus, rhinovirus, en-
terovirus, adenovirus, human metapneumovirus, and HBoV.
The nasopharyngeal swab sample was tested using the Bioek-
sen RT-qPCR kit.

It should be stated that informed consent was obtained
from the legal guardians of all patients included in the study.

The patients included in the study were divided into two
groups: those with only HBoV detected and those with HBoV
plus other viruses detected, and the data were compared be-
tween these groups.

Statistical analyses were conducted using IBM SPSS Statis-
tics 22 (IBM SPSS, Turkiye). Median, interquartile ranges, and
range between quartiles were calculated for all continuous
variables. The normality of data distribution was assessed
using the Shapiro-Wilk test. Descriptive statistical methods
(mean, standard deviation, frequency) were utilized to sum-
marize the data; quantitative data comparisons between the
two groups for normally distributed parameters were per-
formed using the Student’s t-test, and for non-normally dis-
tributed parameters using the Mann-Whitney U test. The chi-
square test was used for the comparison of qualitative data.
The level of statistical significance was set at p< 0.05.

Results

Fifty patients admitted to the pediatric intensive care unit
with a diagnosis of acute respiratory tract infection between
2015 and 2021 were included in the study, all of whom test-
ed positive for HBoV in nasopharyngeal swab samples. Mean
age of the patients was 13.9 months, with the majority being
under three years of age. Most presented within two days of
symptom onset, and respiratory distress was the predominant
clinical finding (Table 1).

Upon evaluating the timing of patient admissions, 70%
were found to occur during the winter and autumn seasons.
There was no statistically significant difference in the distri-
bution of admission months between patients with isolated
HBoV infection and those with co-infection (p= 0.56) (Table 2).

PCR analysis of nasopharyngeal swab samples collected
from all patients revealed that HBoV was identified as the sole

Table 1. Demographic and clinical characteristics of all patients

Category Characteristic Value
Age (months) 13.87 (10-25.8)
1-12 months 22 (44%)
Demographics 13-36 months 21 (42%)
37-60 months 5 (10%)
61-120 months 2 (4%)
Sox Female 23 (46%)
Male 27 (54%)
Birth weight (grams) 3000 (2620-3200)
Perinatal info
Gestational age (weeks) 38 (37-39)
Complaint duration (days) 2 (2-5)
Breastfeeding (months) 10 (3-25.5)
Repeated visits 42 (84%)
History Repeated nebulization 34 (70.8%)
Family asthma history 12 (44.4%)
Family atopy history 7 (25.9%)
Indoor smoking 16 (50%)
Cough 44 (88%)
Symptoms Fever 13 (26%)
Respiratory distress 49 (98%)

Table 2. Seasonal distribution of patients with single HBoV and

co-infections

Season Single HBoV Co-Infection p!
Winter 10 (35.7%) 8(36.3%)

Spring 6 (21.4%) 5(22.7%) 056
Summer 2(7.1%) 2 (9%)

Autumn 10 (35.7%) 7 (31.8%)

HBoV: Human bocavirus.

p: 0.56 (‘Fisher’s exact test)

pathogenic agent in 56% of cases. Rhinovirus was identified
as the most frequently co-detected virus (Figure 1). Single
HBoV was the most frequently detected virus, observed in
56% of cases. Rhinovirus was identified in 20% of the patients
while adenovirus accounted for 6%. Other viruses, including
coronavirus, enterovirus, metapneumovirus, and parainfluen-
za, were each detected in 4%, and influenza was found in 2%.

Patients with single HBoV infection had a mean age of 15.8
months while those with co-infections had a mean age of 13.7
months, with no significant age or sex differences between the
groups. The duration of symptoms was significantly longer in
patients with co-infections (p= 0.014). In contrast, the duration
of breastfeeding was significantly longer in the single-infec-
tion group (p=0.047). Other demographic and clinical features
were comparable between the groups (Table 3).
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Parainfluenza
4.0%
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2.0%
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20.0%

Single HBoV
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Figure 1. Distribution of respiratory tract polymerase chain reaction (PCR) results.

Table 3. Comparison of demographic and clinical characteristics of patients with single HBoV and co-infection detected

Single HBoV Co-infection p
Age (months) 15.8 (10-26.5) 13.73(10-20.2) 04"
1-12 13 (44.8%) 9 (42.8%)
13-36 11 (37.9%) 10 (47.6%)
Age 0.08"
37-60 5(17.2%) 0 (0%)
61-120 0 (0%) 2(9.5%)
cox Female 15 (51.7%) 8(38%) 034°
Male 14 (48.2%) 13 (61.9%)
Birth weight 3050 (2700-3245) 2940 (2560-3015) 036
Gestational age (week) 39 (37-39) 38(37.5-39) 067"
Symptom duration 2(2-3) 4(2-8) 0.014*
Breastfeeding (months) 15.5(9.5-30) 3(0.75-16.5) 0.047*
Repeated visits 22 (75.8%) 20 (95.2%) 0.06*
Repeated nebulization 18 (66.6%) 16 (76.1%) 047+
Family asthma history 6 (40%) 6 (50%) 0.6'
Family atopy history 3 (20%) 4(33.3%) 043
Indoor smoking 8 (47%) 8(53.3%) 0.72*
Cough 25 (86.2%) 19 (90.4%) 0.6'
Symptom Fever 6 (20.6%) 7 (33.3%) 0.3
Respiratory distress 28 (96.5%) 21 (100%) 0.39*
HBoV: Human bocavirus.
“Chi-square test, 'Fisher’s exact test, *Independent t-test, “Mann-Whitney U test.

No significant differences were observed between the pa-
tients with single HBoV infection and those with co-infections
in terms of PRISM scores, vital signs, blood gas results, acute
phase reactants, hematological or immunological parame-

ters (p> 0.05). The eosinophil count was significantly higher in
the single infection group (p= 0.002), and eosinophilia (=300
cells/pL) was more frequent in this group, although not sta-
tistically significant (p= 0.06). Radiologically, atelectasis was
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Table 4. Comparison of clinical, laboratory, and radiological findings between patients with single HBoV infection and co-infections

Single HBoV Co-Infection p
PRISM score 5(3-12) 6 (3-8) 0.53"
Tachycardia 16 (55.1%) 12 (57.1%) 0.89*
Tachypnea 18 (62%) 20 (95.2%) 0.75
Physical examination
Rales 25 (86.2%) 18 (85.7%) 0.06"
Prolonged expiratory phase 22 (75.8%) 19 (90.4%) 0.64*
pH 7.36 (7.31-7.4) 7.33(7.26-7.38) 013"
pPCO2 39.8 (32.2-48.5) 44 (37.4-54.1) 0.15"
Blood gas
HCO3 21.2(20.1-23.6) 21.8(19.3-24) 0.81
Lactate 1.8(1.3-24) 2.3(1.3-3.05) 041
CRP 17 (8-41) 18 (9-48.5) 0.76*
Acute phase reactans
Procalsitonin 0.58 (0.38-1.76) 046 (0.25-0.88) 0.23*
WBC 14.66 (12.1-19.71) 14.9 (9.35-20.66) 0.65
PNL 11.14 (7.3-15.6) 12.76 (7.2-16.59) 09
LYM 3.12(1.98-3.8) 1.93 (1.47-3.06) 0.09°
Complete blood count EOS 50 (20-270) 10 (10-20) 0.002*
EOS>300/pL 7 (24.1%) 1 (4.7%) 0.06!
PLT 387 (316-463) 364 (295-470) 0.51
HGB 10.2 (9.07-11.3) 104 (10.1-11.2) 0.60"
IgE 21(13-41) 33 (6.18-60) 072"
[s]€} 577.5 (383-660) 561.5 (460-910) 033"
Immunoglobulins
IgM 102.5 (84-152) 110.5 (74-159) 0.84"
IgA 46 (23-79) 42 (24-98) 0.76*
Consolidation 22 (75.8%) 12 (57.1%) 0.16"
Chest X-ray Increased ventilation 15 (51.7%) 13 (61.9%) 047"
Atelectasis 4 (13.7%) 10 (47.6%) 0.009'
Pneumonia 18 (62%) 11 (52.3%)
Diagnosis Bronchiolitis 11 (37.9%) 9 (42.8%) 043!
Asthma attack 0 (0%) 1 (4.7%)
Non-invasive ventilation 21 (72.4%) 16 (76.1%) 0.7%
Invasive ventilation 13 (44.8%) 5(23.8%) 012!
Intensive care stay (days) 4(3-15) 5(3-7) 0.7*
Hospital stay (days) 8 (6-23) 10 (7-14) 0.9
HBoV: Human bocavirus.
“Chi-square test, 'Fisher’s exact test, *Independent t-test, “Mann-Whitney U test.

significantly more common among patients with co-infec-
tions (p= 0.009). Any additional viral pathogen identified by
PCR was defined as a coinfection. No significant differences
were found between the groups regarding the need for res-
piratory support or the length of intensive care and hospital
stay (p> 0.05) (Table 4).

Discussion

Our study demonstrated that HBoV can be detected alone
or in conjunction with other viruses in respiratory tract PCR

samples of children admitted to the pediatric intensive care
unit with a diagnosis of acute respiratory infection. The aver-
age age of the patients was determined to be 13.8 months,
with 86% under the age of three and 54% being male. In a
study conducted in Barcelona in 2023, similar to our study,
60% of patients with detected HBoV were male, and 88% were
under the age of three (11). Another study in 2013 found that
the average age of the patients was 7.9 months, with 55% be-
ing male (4). Our findings are consistent with the literature in
this respect.
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In our study, 70% of our patients required repeated nebuli-
zation treatments, and 50% were exposed to household smok-
ing. Similar results were shown in another study conducted in
our country in 2023. When examining patients who were hos-
pitalized due to respiratory infections associated with HBoV,
70% had accompanying illnesses, and 50% of these patients
required hospitalization due to severe pneumonia (12). Anoth-
er study involving hospitalized patients found that 17% had
a history of repeated nebulization treatments, and these pa-
tients significantly more often required intensive care admis-
sions (13). Since the patients included in our study were moni-
tored in pediatric intensive care, a higher incidence of episodic
wheezing history was considered an expected outcome.

It has been shown that HBoV infections are common dur-
ing the winter and autumn months. Consistent with the lit-
erature, the majority of patients in our study also presented
during the winter and autumn months. When examining sea-
sonal distribution between the single infection and co-infec-
tion groups, no statistically significant difference was found,
aligning with similar studies (1,10,12).

In our study, at least one virus was detected accompanying
HBoV in 44% of the patients. The most frequently accompany-
ing virus was Rhinovirus. Adenovirus, coronavirus, enterovirus,
metapneumovirus, parainfluenza, and influenza virus were
other viruses detected at similar rates. In the literature, the
co-infection rate varies between 41.3% and 95% (4,13,14). In
a large cohort study conducted in Saudi Arabia, co-infections
were detected in over 80% of the patients. Similar to our find-
ings, rhinovirus was the most common co-pathogen, followed
by adenovirus (15). Another similar study revealed that Rhino-
virus and RSV were the most frequent co-infecting agents (16).

When comparing patients with single HBoV infection to
those with co-infections, no significant differences were found
in age and sex between the two groups, consistent with the
literature. However, the duration of symptoms was significant-
ly shorter in the single HBoV infection group (p= 0.014). This
suggests that patients with single HBoV infections required
admission to the pediatric intensive care unit shortly after
symptom onset, indicating a potentially faster progression
compared to co-infections. Although previous studies have
shown that co-infections tend to have a quicker and more se-
vere clinical course, our study does not support this aspect of
the literature (17).

Our study demonstrated that patients with co-infections
received breast milk for a significantly shorter duration (p=
0.047). A review of the literature did not yield similar findings.
However, it is well-known that breast milk contains immuno-
logical components that provide protection against respirato-
ry infections, reducing the duration and severity of infections.
It is therefore expected that prolonged breastfeeding could
offer protection against multiple infections.

In our study, the severity of patients’ clinical conditions
upon admission to the unit was assessed using PRISM scor-
ing. Although the mortality risk was higher in the co-infection
group, no statistically significant difference was found between
the two groups. When comparing the need for mechanical
ventilation, as well as the duration of intensive care and hos-
pital stays between the two groups, no statistically significant
differences were identified. A cohort study published in 2024
involving 165 patients demonstrated that co-infections were
associated with longer mechanical ventilation and extended
hospital stays (13). The inability to replicate similar results in
our study may be related to an insufficient sample size.

Physical examination findings indicated that rales were
more prominent in the single HBoV group, while extended
expiration was more frequently observed in the co-infection
group, though these findings were not statistically significant.
In both groups, pneumonia was the most common diagnosis.
Consistent with the literature, HBoV is most frequently asso-
ciated with upper respiratory tract infections, and in cases of
lower respiratory tract infections, it is most commonly linked
to pneumonia and bronchiolitis (12,13).

In our study, when comparing laboratory tests of the pa-
tients, no statistically significant differences were observed
except for the absolute eosinophil count. The absolute eosin-
ophil count was notably higher in the single HBoV infection
group (p= 0.02). However, when comparing patients with an
absolute eosinophil count above 300/pL, no statistically sig-
nificant difference was found (p= 0.06). A study published in
2020 compared single HBoV infections with RSV-HBoV co-in-
fections and, although no significant difference in eosinophil
counts was detected between the two groups, the counts
were slightly higher in the single HBoV group (18).

When comparing chest X-rays of the patients, atelectasis
was more frequently observed in the co-infection group (p=
0.009). A study published in 2020, which compared patients
with viral lower respiratory tract infections monitored with
high-flow nasal cannulas, found that co-infections increased
the severity of the disease and were more frequently associat-
ed with atelectasis (19).

This study has certain limitations. The relatively small sam-
ple size and retrospective design should be taken into consid-
eration. It is difficult to determine how long these viral path-
ogens remain PCR-positive in the nasopharynx, and it should
be kept in mind that the patient’s immune response may
influence this duration. Therefore, the development of PCR
techniques capable of quantifying viral copy numbers and en-
abling PCR analysis from blood samples could provide more
comprehensive and quantitative insights into the pathogenic
potential of these viruses. Prospective, large-scale studies are
warranted to further clarify these findings.
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In conclusion, our study demonstrated that HBoV can be
detected in children experiencing acute respiratory infections,
both as a single infection and in co-infections. No significant
differences in clinical symptoms were observed between the
groups. The duration of breastfeeding was found to be longer
in the group with single HBoV infection. It was observed that
patients in the co-infection group had longer durations of
symptoms. Patients in the single HBoV infection group had a
higher absolute eosinophil count while atelectasis was more
frequently observed in the co-infection group.

In conclusion, our study demonstrated that HBoV can be
detected in children experiencing acute respiratory infections,
both as a single infection and in co-infections. No significant
differences in clinical symptoms were observed between the
groups. The duration of breastfeeding was found to be longer
in the group with single HBoV infection. It was observed that
patients in the co-infection group had longer durations of
symptoms. Patients in the single HBoV infection group had a
higher absolute eosinophil count while atelectasis was more
frequently observed in the co-infection group. Further re-
search is needed to validate these findings.
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