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Abstract
The human bocavirus (HBoV) is an agent of upper and lower respiratory infections, affecting mainly children under 5 years 
of age. Community-acquired pneumonia (CAP) is an important public health problem in developing countries, representing 
one of the main causes of hospitalizations and deaths in children. The aim of this study was to describe the prevalence of 
HBoV and the clinical and epidemiological characteristics in children diagnosed with CAP. For this purpose, nasopharyngeal 
aspirates were collected from 545 children aged 0 to 60 months diagnosed with CAP between January 2013 and December 
2014 in a reference pediatric hospital in Fortaleza, Ceará, Brazil. The samples were subjected to PCR for detection of HBoV 
and parainfluenza 4 (PIV4) and indirect immunofluorescence for detection of respiratory syncytial virus (RSV), adenovirus 
(AdV), influenza A and B (FLU A and FLU B), and parainfluenza 1, 2, and 3 (PIV1, PIV2, PIV3). Clinically, most CAP 
were non-complicated (487/545; 89.3%); however, 10.7% (58/545) of children were treated in the ICU/resuscitation sector. 
Among the total samples analyzed, 359 (65.8%) were positive for at least one virus surveyed and 105 (19.2%) samples had 
two or more viruses. HBoV was detected in 87 samples (15.9%), being the second most prevalent virus. RSV, AdV, FLU A, 
FLU B, and PIV 1–3 were detected in 150 (27.5%), 45 (8.2%), 30 (5.5%), 3 (0.5%), and 131 (24%) samples, respectively. The 
age average was 12.1 months in children infected with HBoV, and the most frequent symptoms were dyspnea and cough. In 
addition, 90.6% of HboV-positive children received antibiotics as empirical treatment. HBoV did not show any circulation 
pattern; however, it seemed to be more frequent in the first half of the year, totaling 68.9% of the cases. HBoV is a frequent 
agent of pneumonia in the child population studied.

Keywords  Community-acquired pneumonia · Human bocavirus · Respiratory viruses · Children · Viral pneumonia · 
Epidemiology

Introduction

Pneumonia is an important infection that affects children 
worldwide, and was responsible for 800,694 deaths among 
children under 5 years of age in 2017 — nearly 15% of all 
deaths in this population that year [1]. In Brazil, the esti-
mated incidence of pneumonia among children under 5 years 

of age in 2015 was approximately 150/1000 inhabitants. It is 
believed that the country has the highest incidence of infan-
tile pneumonia in Latin America [2]. Although community-
acquired pneumonia is clinically managed without laborato-
rial identification of its etiology, the prevalence of viruses in 
these cases reaches up to 66% [3].

The human bocavirus (HBoV) belongs to the Parvoviri-
dae family, and it is classified in the genus Bocaparvovirus. 
They are small viruses with a non-enveloped capsid ranging 
from about 23 nm to about 28 nm in diameter that contains 
a single-strand DNA genome [4]. HBoV was described in 
2005 in respiratory secretions of children with lower res-
piratory infections [5], and, since its discovery, it has been 
detected worldwide in respiratory and fecal samples from 
children with respiratory and gastrointestinal infections [6].
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The pathogenicity of HBoV is still questionable because 
this agent can be detected in asymptomatic individuals, and 
it is quite common in co-infections with other infectious 
agents during respiratory infections and/or gastroenteritis [7, 
8]. However, Jiang et al. [6] reported that respiratory infec-
tions in which only HBoV was detected showed a higher 
viral load and this result was associated with a greater sever-
ity of the disease [9]. A study with primary human airway 
epithelial cells (HAE-ALI) showed that HBoV can replicate 
in cells without high replicative activity causing the loss 
of cellular integrity, loss of cilia, rupture of cell junctions, 
hypertrophy of epithelial cells, and persistent infection, as 
well as cell death induced by caspase-1 activation. These 
findings suggest that the pathogenesis of HBoV is related to 
damage to aerial epithelium cells [10].

The present study aimed to estimate the prevalence of 
HBoV in children under 5 years diagnosed with pneumonia 
in Fortaleza, Ceará (Northeast Brazil), and to describe the 
clinical-epidemiological profile of HBoV infections alone 
and in co-infection with other respiratory viruses.

Material and methods

Location

The study was conducted at the Albert Sabin Children Hos-
pital (HIAS), located in the city of Fortaleza (3° 43′ S-38° 
32′ W), State of Ceará, Brazil. The hospital is a referral 
institution for children and adolescent patients in the State 
of Ceará and offers public emergency service, pediatric 
intensive care unit, and specific services for diagnosis and 
therapy. Each month, on average, 17,000 outpatient consul-
tations and 830 hospitalizations are performed at the HIAS.

The Ceará State has an estimated population of 9,240,580 
in 2020; Fortaleza has the highest population density among 
all Brazilian capitals, 7786.44 inhabitants per kilometer. 
According to official data, the Ceará State has a Gini coef-
ficient of 0.56 and nearly half of its inhabitants live with less 
than 50% minimum wage. Nearly 18% have daily earnings 
below US$ 1.9, and are regarded as people living in extreme 
poverty by the World Bank. Economy is roughly based on 
agriculture (5%), industry (18%), and services (78%). The 
tropical semiarid climate comprises 80% of the State area; 
the climate in Fortaleza city is classified as tropical sub-
humid climate-coastal region [11].

Study design, ethical approval, and definitions

This is a single-center, retrospective study conducted at 
HIAS. Ethical approval was obtained by the institutional 
ethics committee (approval number 070/09), and writ-
ten informed consent was obtained from the parents of 

the participating children. Patients aged between 0 and 
60 months diagnosed with pneumonia at the HIAS from 
January 2013 to December 2014 were enrolled in the study. 
Only patients that met the inclusion criteria were included 
in the study. CAP diagnosis was based on clinical findings 
(cough, fever, tachypnea with or without dyspnea, tachy-
dyspnea, hypoxemia) and radiological findings (condensa-
tion, interstitial infiltrate and pleural effusion) [12]. Children 
hospitalized in the previous 14 days of pneumonia onsetting, 
with a history of aspiration pneumonia or nosocomial pneu-
monia diagnosis, were excluded from the study. A single 
nasopharyngeal aspirate (NPA) sample was collected shortly 
after the diagnosis of pneumonia. NPA samples were aspi-
rated through a catheter inserted into the nostril with a depth 
of 5 to 7 cm and connected to a syringe. All samples were 
collected in viral transport medium and transported at 4 to 
8 °C to the laboratory, where they were processed [13].

Data collection

Clinical-epidemiological data were collected from the medi-
cal records using a structured questionnaire comprising 
closed-ended questions. The main variables studied were 
gender, age at admission, hospital care sector, risk factors 
(acute respiratory infection cases in the family, passive 
smoking, attendance to daycare or school, breastfeeding, 
prematurity, immunosuppression), and comorbidities (heart 
diseases, pneumopathies, neuropathies, asthma).

Virus detection

The detection of HBoV and parainfluenza 4 (PIV4) was car-
ried out by conventional PCR. The viral nucleic acid was 
extracted using the AxyPrep™ Body Fluid Viral DNA/RNA 
Miniprep Kit (AxioGen Biotechnology, CA, USA), follow-
ing the manufacturer’s recommendations. HBoV NS1 gene 
amplification was performed with the primers F-5′-TAT​
GGC​CAA​GGC​AAT​CGT​CCAAG-3′, R-5′-GCC​GCC​TGA​
ACA​TGA​GAA​ACAGA-3′. Reactions were performed in 
a thermocycler (MultiGene™, Labnet, New Jersey, USA) 
with an initial denaturation at 95 °C for 5 min, followed 
by 40 cycles of denaturation at 94 °C for 45 s, annealing at 
55 °C for 45 s, and extension at 72 °C for 45 s, and a final 
extension at 72 °C for 5 min [12]. For the detection of PIV 
4, cDNA synthesis was performed using the High-Capacity 
cDNA Reverse Transcription Kit (Applied Biosystems™, 
MA, EUA), following the manufacturer’s recommendations. 
Phosphoprotein P genes were targeted for PIV 4 detection 
by nested PCR reaction with primers F-5′-CTG​AAC​GGT​
TGC​ATT​CAG​GT-3′ R-5′-AGG​ACT​CAT​TCT​TGA​TGC​
AA-3′ in the first reaction and F-5′-AAA​GAA​TTA​GGT​GCA​
ACC​AG-3′ R-5′-GTG​TCT​GAT​CCC​ATA​AGC​AGC-3′ in 
the second PCR reaction following the protocol by Aguilar 
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et al. [13]. PCR products were analyzed by 1.5% agarose 
gel electrophoresis. The expected product sizes of amplified 
fragments were 291 bp for the HBoV NS1 gene [12] and 
246 bp for the PIV-4 phosphoprotein P gene[14] PCR reac-
tions which were performed with strict protocols to avoid 
contamination, such as unidirectional workflow (pre-PCR 
and post-PCR in separate rooms), aseptic cleaning carried 
out periodically before and after reactions, and inclusion of 
negative and positive controls.

Respiratory syncytial virus (RSV), adenovirus (AdV), 
influenza A (FLU A) and B (FLU B), and parainfluenza 1 
(PIV 1), 2 (PIV 2), and 3 (PIV 3) were detected by indi-
rect immunofluorescence assay (IFA) using the Respiratory 
Panel I Viral Screening and Identification (Chemicon Inter-
national, Temecula, USA), following the manufacturer’s 
recommendations.

Statistical analysis

Comparative statistical analyzes were performed in the fol-
lowing stages: (1) virus-positive and virus-negative patient 
groups were used; and (2) groups of patients positive for 
each of the nine virus species surveyed were used. For data 
analysis, Fisher’s exact test, Spearman’s correlation, and 
odds ratio were used. Significance was defined by a p value 
of less than 0.05. Data was analyzed by using SPSS Statis-
tics for Windows, version 17.0.

Results

A total of 545 patients were enrolled in the study. The major-
ity of children recruited in the study were 0–12 months old 
(357/545; 65.5%), 317 being male (58.2%) and 228 female 
(41.8%). Children positive for at least one viral species came 
mostly from emergency (170/359; 47.3%) and infirmary 
(150/359; 41.8%) wards. We found no significant differences 
regarding age, gender, and hospital sector. Table 1 shows 
the distribution of age, sex, and care sector for children with 
CAP enrolled in the present study.

Most children with CAP had at least one risk factor 
(386/545; 70.8%), and 35.4% (137/386) were exposed to 
more than one risk factor. The most observed risk factor 
in children with CAP were the presence of acute respira-
tory infection in family members and secondhand smok-
ing, detected in 42.7% (233/545) and 25.3% (138/545) 
children, respectively. The majority of the studied popu-
lation did not present any underlying disease (402/545; 
73.7%). The most common underlying diseases seen in 
this study were heart disease followed by neuropathy, 
observed in 11.9% (76/545) and 8% (44/545) of the chil-
dren, respectively (Table 1). Respiratory diseases caused 
by FLU A were more frequent in children with heart 

disease (p < 0.003 [95% CI 1.58–16.1]); associations 
between other virus and comorbidities were not seen.

As for treatment, 77.1% (277/359) of the positive chil-
dren and 61.1% (123/186) of the negative children for any 
of the viruses studied in their NPA received antibiotic 
therapy. Antibiotics were administered in 90.6% (39/43) 
of children who had only HBoV infection. In addition, 
of 105 cases of coinfections, 84.7% (89/105) of children 
received antibiotics as treatment. Aerosol and corticoids 
were also frequent treatments used in children positive 
for HBoV, 86% (37/43) and 53.4% (23/43), respectively. 
We found no significance differences regarding treat-
ment of HBoV-positive and negative patients. Details 
are shown in Table  1. Children with CAP had cough 
(437/545; 80.1%), dyspnea (421/545; 77.2%), and rhinor-
rhea (322/545; 59%) as the most common manifestations. 
Gastrointestinal manifestations, such as anorexia, vomit-
ing, and diarrhea, were also observed in children with 
pneumonia (Table 1). None of the clinical manifestations 
could be associated with HBoV infection; the onset of 
wheezing was associated in children with RSV (p < 0.03 
[95% CI 1.22–4.72]). No significant differences among 
risk factors and underlying diseases were detected.

Of the 545 children studied, 359 (65.8%) were posi-
tive for at least one respiratory virus and 105 (19.2%) 
had coinfections, including 91 (86.7%) children with 
two viruses and 14 (13.3%) children with more than two 
viruses detected; therefore, using both techniques, 459 
viruses could be detected. A total of 87 samples were 
positive for HBoV (15.9%; 87/545), 43 (49.5%; 43/87) 
being single detections. PIV4 was detected in 42 (7.6%; 
42/545) samples, 17 (40.4%; 17/42) being in single 
detections. By way of IFA, a total of 294 samples were 
positive for at least one virus. With this technique, it was 
possible to detect the following respiratory viruses: RSV 
(n = 150; 27.4%), PIV3 (n = 86; 15.7%), AdV (n = 45; 
8.2%), PIV1 (n = 33; 6%), FLUA (n = 30; 5.5%), FLU B 
(n = 3; 0.5%). and PIV2 (n = 3; 0.5%). A general picture 
of the prevalence of the detected viruses, considering 
single infections and coinfections using both techniques, 
in the study is shown in Fig. 1.

HBoV was detected in 44 (50.5%; 44/87) co-infections 
with other viral agents, 15 (34%; 15/44) with RSV, 12 
(27.2%; 12/44) with PIV3, and five (11.3%; 5/44) with 
PIV4 as the most frequent agents. RSV was the most fre-
quent virus detected in co-infections, corresponding to 63 
(60%; 63/105) of the 105 positive samples with two or 
more viruses. The most frequent agents detected in co-
infection with RSV were HBoV (23.8%; 15/63), AdV 
(11.4%; 12/63), and PIV4 (11.4%; 12/63). In addition, 
there was a case in which RSV, FLUA, PIV 1, and HBoV 
were detected in a single sample. Details regarding viral 
co-infections are shown in Fig. 2.
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HBoV was detected throughout the year, but the majority 
of cases occurred in May 2014 (n = 21; 24.1%). RSV infec-
tions occurred only in the first half of the year, and the major-
ity of cases occurred during February and May 2013 and May 
and June 2014. FLU A was also detected during the first half 
of the year. AdV circulated throughout the year, with a pro-
file similar to HBoV. Most cases of PIV4 infections occurred 
from January to July, although the virus was also detected 
during September and December. The majority of cases of 
PIV3 infections occurred during the second half of the year. 
General circulation of the surveyed viruses is shown in Fig. 3.

Discussion

The present study highlights the occurrence of HBoV 
infection among children under 5  years with PAC in 
a tropical semi-arid area. The detection rate of HBoV 
found in this study (15.9%) is similar to previous studies 

conducted in Brazil with children under 5 years of age 
presenting acute respiratory symptoms. By way of con-
ventional or real-time PCR, the prevalence of HBoV in 
such studies varied from 2.44% to 23% [15–21].

More than 50% of the cases of HBoV in the present 
study were in co-infections with other viruses. High 
prevalence of HBoV co-infections has been detected, and 
according to previous studies they can reach up to 75% 
[22, 23]; recently, it was shown to 80% of co-infections 
with other respiratory viruses in infants from Saudi Ara-
bia [24] and China [25], respectively. In addition, HBoV 
can be detected in asymptomatic children [15]. HBoV co-
infections and casual detections may be related to per-
sistent infection in tonsils and adenoids [26]. In a study 
carried out in patients with chronic tonsillar diseases, 
HBoV was detected in 31.1% of the samples, suggesting 
that these lymphoid tissues are important sites for repli-
cation of this agent, and can serve as a reservoir and thus 
remain detectable by molecular methods even weeks after 

Fig. 1   Number of virus detec-
tions in children diagnosed 
with pneumonia, considering 
single infections and coinfec-
tions, by conventional PCR 
and indirect immunofluores-
cence assay. HBoV = human 
bocavirus; RSV = respiratory 
syncytial virus; AdV = adeno-
virus; PIV1 = parainfluenza 
virus 1; PIV2 = parainfluenza 
virus 2; PIV3 = parainfluenza 
virus 3; PIV4 = parainfluenza 
virus 4; FLUA = influenza A; 
FLUB = influenza B

Fig. 2   Number of virus coin-
fections detected in children 
diagnosed with pneumonia by 
conventional PCR and indirect 
immunofluorescence assay. 
HBoV = human bocavirus; 
RSV = respiratory syncytial 
virus; AdV = adenovirus; 
PIV1 = parainfluenza virus 
1; PIV2 = parainfluenza 
virus 2; PIV3 = parainfluenza 
virus 3; PIV4 = parainfluenza 
virus 4; FLUA = influenza A; 
FLUB = influenza B
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Fig. 3   Distribution of the studied viruses during the 24-month period. 
A Occurrence of pneumonia cases (bold line) and rainfall in millim-
eters (dashed line). Monthly occurrence of B human bocavirus; C res-
piratory syncytial virus; D adenovirus, E parainfluenza 1 (black bars) 

and parainfluenza 2 (gray bars); F parainfluenza 3 (black bars) and 
parainfluenza 4 (gray bars); G influenza A (black bars) and influenza 
B (gray bar). y-axis represents number of cases, x-axis represents 
months (2013–2014)
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the symptoms of the disease disappear [27]. A study con-
ducted in Belgium, where children who had respiratory 
infections with HBoV were followed and samples taken 
at different times, showed that HBoV could be detected 
97 days after the first detection, as it was with a child [28].

Although the pathogenic role of HBoV is not clear, 
clinical and experimental evidences have pointed that the 
agent is not an “innocent bystander” [16, 23]. In a pro-
spective study performed between 2005 and 2013, HBoV 
was detected as single pathogen in 25% of positive popu-
lation with virus respiratory diseases [23] Such infections 
were characterized by high fever, wheezing, pneumonia, 
hypoxia, moderate leukocytosis, and elevated C‐reactive 
protein [23]. In addition, high HBoV virus load is also 
associated with the severity of respiratory infections [9] 
(JIANG et al. 2016) and longer hospitalization [10]. The 
cytopathic effect in human airway epithelial cell cultures 
induced by HBoV confirms the pathogenic potential of 
this agent. However, one must keep in mind that non-
tested viruses could not be excluded in the negative cases 
as well as in HBoV mono-infection.

Respiratory infections by HBoV are more common in 
children and are generally uncomplicated; however, there are 
cases of these infections in which intensive care is required 
[29]. In a cohort study in the UK [30], 9 of 29 (31%) of 
patients with HBoV mono-infection needed intensive care, 
including mechanical ventilation. A study conducted in 
Colombia with ninety-one adults with severe respiratory 
infections showed that 19.3% (5 of 26) of patients with 
HBoV infection died [31].

The majority of cases of pneumonia detected in the pre-
sent study were non-complicated, but nearly one-third of 
children infected with of HBoV (single detection) required 
hospitalization. Previous studies have shown that HBoV 
seems to be associated with wheezing, during or after res-
piratory infection [28, 32], and even asthma [33]. In general, 
viral pneumonia is often associated with milder conditions, 
while bacterial pneumonia is associated with more severe 
conditions [34].

It was not possible to detect the presence of bacterial 
pathogens in the studied population, although it was seen 
that the majority of children positive for at least one virus 
agent was treated with antibiotics. The use of empirical anti-
biotics is common in cases of CAP worldwide mainly due to 
the difficulty in obtaining microbiological results, making it 
difficult to use specific drugs. Following this, the Brazilian 
Guidelines on Pulmonology and Tisiology and North and 
Latin American, European, and British health guidelines 
recommend the rational use of relatively narrow-spectrum 
antibiotics as empiric treatment [35, 36]. Although guided, 
the use of antibiotics not directed to specific targets favors the 
antimicrobial resistance [37, 38]. Hospitals should improve 

virus identification protocols in order to reduce the indiscrim-
inate and excessive use of antibiotics in children with CAP.

Several respiratory viruses are able of participating in 
simultaneous infections [39], and children seems to be more 
likely to harbor viral co-infections. Investigators have found 
that children aged less than three years has higher propen-
sity for simultaneous viral infections [40, 41]. Another DNA 
virus that causes respiratory infections has characteristics 
similar to HBoV; AdV is also frequently detected in co-
infections [42] and can persist in adenoids and palatine ton-
sils [43]. Proenca-Modena and colleagues detected AdV in 
52.8% (95/180) of tissue fragment samples, nasopharyngeal 
secretions and blood from children with chronic adenotonsil-
lar diseases [44].

In this study, due to the limited number of patients stud-
ied, it was not possible to find any circulatory pattern for 
HBoV, although the majority of cases had occurred in the 
first half of the year. Although HBoV is more frequently 
detected during the rainy season, we do not find any statis-
tical association, as RSV has already been demonstrated in 
the region [45]. The same seasonal circulation is observed 
with FLU A in the region [46]. Even in countries with 
temperate climates, the circulation of HBoV is diverse, 
being more frequent in winter [47], spring [48], and sum-
mer [49]. In a study conducted in a temperate area in the 
southeastern Brazil, HBoV was more prevalent during 
autumn and spring [50].

The present study shows, for the first time, molecular 
evidence for respiratory infection caused by HBoV in chil-
dren under 5 years age in a tropical semiarid area in Brazil. 
Despite its relevance, this study has some limitations: the 
reduced number of investigated children did not allow us 
to define the clinical, epidemiological, and demographic 
variables statistically related to HBoV infection. Seasonal 
patterns of virus circulation were not possible to detect 
due to the limited period of time studied. In addition, 
although the IFA technique and PCR assays have been 
broadly performed for detection of respiratory viruses, 
more efficient multiplex qPCR kits are currently available 
[51] Although direct immunofluorescence assays are com-
mercially available for detecting PIV4, their sensitivity 
is low [46] and therefore we chose to use PCR to detect 
this agent. Even though the prevalence of the investigated 
virus species is in agreement with data shown elsewhere, 
differences in methodologies should be considered. One of 
the approaches to determine HBoV as an etiological agent 
of pneumonia has been the use of serology that helps in 
the diagnosis of acute disease by the agent [16]. The per-
sistence of the agent in the respiratory tract limits the use 
of the molecular diagnosis, which can present high sensi-
tivity, but questionable specificity. Serology, on the other 
hand, has lower sensitivity [16]; however, when combined 
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with PCR, it can be used for accurate diagnosis of HBoV 
infection [52].

Although the role of HBoV in the pathogenesis of CAP 
is unclear, the present study describes the occurrence of 
HBoV among symptomatic children in a tropical semi-arid 
area in northeastern Brazil. This study also reinforces that 
viral diagnosis may influence antimicrobial prescribing, 
as a high number of children with viral infections were 
treated with antibiotics.
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