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Abstract
Background: Human Bocavirus (HBoV) which is a single stranded DNA virus of the family Parvoviridae, is
responsible for 21.5% of childhood respiratory tract infections (RTI) annually. Among the four genotypes
currently known, HBoV1 has been associated with acute respiratory tract infection. Although, there have
been studies on HBoV in some countries, there is limited information on this virus in sub-Saharan Africa
where there is the highest burden of RTI. This study aimed to characterize the circulating strains of HBoV
in Ibadan, Nigeria.
Methods: Nasopharyngeal and oropharyngeal swab samples were collected from 333
children ≤5 years old presenting with RTI attending hospitals in Ibadan, whose parents assented from
2014 – 2015. HBoV isolates were sequenced after a nested PCR and phylogenetic analysis was carried
out using Mega 6 software. The HBoV isolates of this study has been assigned the Genbank accession
numbers KY701984 – KY702006.
Results: A total of 27 children tested positive for HBoV by PCR and 23
of the 27 isolates were successfully sequenced. The 23 HBoV isolates from this study were type as HBoV-
1 genotype by phylogenetic analysis. Phylogram analysis indicated that the isolates belong to the same
clades. Six Isolates aligned closely to the reference strains ST1 and ST2, while 17 isolates showed a high
divergence to the reference isolates.
Conclusion: This study shows the contribution on HBoV in
respiratory tract infections in Nigeria and that HBoV1 strain is the strain associated with the infection.

Background
Respiratory tract infections (RTIs) are responsible for about 25% of annual childhood deaths worldwide
(1). Human Bocavirus (HBoV) has been linked with 21.5% childhood RTIs annually (2). HBoV is a
relatively new DNA (Deoxyribonucleic acid) virus which belongs to the family Parvoviridae (3). The virions
are small, icosahedral and non-enveloped, with a negative sense, linear, single-stranded genome of
approximately 5.3 kilobases (4). The HBoV genome codes for two nonstructural proteins (NS1 and NP1)
and two structural proteins (VP1 and VP2). The virus has been classified into four strains; HBoV1, 2, 3,
and 4, Based on the nucleotide divergence of VP1 capsid region (4).

HBoV1 infection in children is often identified by wheeze, whereas, HBoV2 – 4 have been found to be
involved in childhood diarrhea cases and acute flaccid paralysis (5). HBoV1 has been associated with
childhood RTIs in both developed and developing countries, causing some severe cases of
bronchopneumonia and bronchiolitis (6). Studies have shown that the virus is prevalent in children age
five and below, with the four genotypes often causing different clinical symptoms (7). Also, since the
discovery of the virus from nasopharyngeal aspirates in 2005 by Allander and colleagues, it been
observed that HBoV1 is the fourth most common virus in respiratory samples (8).

Although, there has been studies carried out in some parts of Asia, Australia, Europe and America, there is
still a dearth of information on the circulating strains of the virus in Sub-Saharan Africa, especially
Nigeria. Therefore, this study aimed to characterize the circulating strains of HBoV among children ≤ 5
years old in Ibadan, presenting with symptoms of respiratory tract infections.
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Methods
Ethical approval was obtained from the UI – UCH Ethical Review Committee and permission was
obtained from some selected hospital boards before the commencement of this study. A total of 333
children ≤ 5 years old, showing signs of acute respiratory tract infection, whose parents had given
consent, were recruited for this study. Sterile swab sticks were used to collect Oropharyngeal (OP) and
nasopharyngeal (NP) samples from each child, and transported immediately to the laboratory in sterile
vials containing 2mL of viral transport medium (VTM). DNA was extracted from the VTM using
commercial kit by Jena Bioscience (Germany) according to the manufacturer’s instruction. HBoV was
detected from the DNA in a nested PCR procedure (9) using primers (Table 1) targeting the VP1/2 region
of the virus genome and Red Load Taq Master kit (Jena bioscience, Germany) in a 25µl reaction (9).

For the first round PCR assay, the cycling conditions were 950C for 2 min, 10 cycles at 950C for 35 sec,
580C for 60 sec and 720C for 60 sec with a decrease of 0.50C in annealing temperature after each cycle
and 30 cycles at 950C for 30 sec, 540C for 45 sec, and 720C for 45 sec, and a final extension of 720C for
10 min. For the second round PCR assay, cycling conditions similar (but with modifications) to that of the
first round assay were used. Particularly, instead of the 580C annealing temperature used for the first
round assay,  600C was used (9). All samples that are positive for HBoV (showing the expected 575 base
pairs) at the end of the PCR assay were purified and sequenced.

Sequencing was done at Inqaba Biotec using primers for the second round PCR assay. Sequence similar
to the HBoV sequences in the GenBank was found using BLAST (Basic Local Alignment Search Tool)
program in the National Center for Biotechnology Information (NCBI) database. Reference HBoV
sequences were downloaded from GenBank and a multiple sequence alignment (MSA) was done using
the Clustal W programme in MEGA 6 software (10). Maximum Likelihood trees were generated after
correcting for multiple substitutions, complete removal of positions that contained gaps and estimating
reliability by 1000 bootstraps. MSA and phylogenetic analysis of the sample sequences with previous
sequences from Nigeria and around the world was also done. The sequences have been deposited in
GenBank with the following accession numbers KY701984-KY702006.

Data entry, cleaning, and data analysis were performed using SPSS statistical software, and descriptive
statistics were presented as tables.

Results
A total of 333 children (Male = 178; Female = 155) aged five years and below presenting with cough,
wheeze, breathlessness, fever, nasal congestion, catarrh, vomiting, tonsillitis, otitis media, rash, diarrhea,
lack of appetite, bronchiolitis, and bronchopneumonia were recruited from September 2014 to August
2015 from hospitals and health centers in Ibadan, Oyo State Nigeria.
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Twenty-seven (8.1%) of the 333 children tested were positive for HBoV infection, 16 (59.3%) of which
were female. The months of February and December had the highest number of HBoV isolate (Table 2).
Age group ˃1 – 2 years had the highest prevalence. Twenty-three out of the 27 HBoV positive isolates
were sequenced and characterized (Table 3 - 5). All the isolates were HBoV1 genotype. Also, the
maximum likelihood tree shows that 17 (out of 23) isolates were highly diverged from the others
although all the 23 isolates are HBoV1 (Figure 1 & 2).

 

Phylogenetic tree constructed with the sequenced isolates and WHO reference strains using MEGA6 (10),
showed that the 23 isolates of this study clustered around HBoV1 WHO reference strains, although 17 of
the isolates showed a higher divergence (Figure 1 & 2). The divergence of the sequences of the isolates
and the reference strains sequences revealed an overall mean distance of 0.0 within the isolates and 0.1
(Table 6 & 7) when compared with WHO reference strains sequences.

Discussion
In this study HBoV was detected in 8.1% of the 333 children recruited. The detection rate observed in this
study is higher than 6.8% reported by Moreno et al. in Argentina, 7.2% reported by Tran et al. in Vietnam
and much higher than 1.2% reported by Niang et al. in Senegal but lower than 16.8% reported by
Symekher et al. among Kenyan children (7,11–13). This difference could be as a result of sampling
strategy, severity of illness in the children recruited and different climates. The months of January (41%)
and December (30%) recorded the highest number of HBoV infections among the children recruited in the
study (Table 2), and this is similar to the finds of Goktas et al. (14) which reveals that HBoV infection
activity has a peak period in the months of December to January, which are cold seasonal. This seasonal
character could be a result of the cold temperature observed in these months of the year as supported by
the findings of Erling et al. (15).  Although not significant, females (59.3%) were found to have a higher
prevalence of HBoV in this study (Table 3). This is similar to what was previously reported in India by P.
Bharaj, et al. and in Saudi-Arabia by Abdel-Moneim, et al., but different from reports by Symekher et al.
among Kenyan children and Salmon-Mulanovich et al. among children in South America (13,16–18). 
Children of age group >1 – 2 years had the highest detection rate and showed symptoms of highest
severity (Table 3). This is similar to the findings of (9). Among the symptoms observed in children with
HBoV in this study, cough (100%) and catarrh (100%) had the highest frequency, whereas vomiting (11%)
tonsillitis (3.7%), and diarrhea (3.7%) were the least observed symptoms (Table 4). The symptoms
observed in children positive for HBoV infection in this study, are similar to the reports of Hengst et al.,
Korner et al., Akca et al. and Moesker et al. (2,6,19,20). This suggests that laboratory screening for HBoV
should be included in the management of in the children ≤ 5 years old presenting with cough, catarrh and
other respiratory tract symptoms in Nigeria.

Of the 27 HBoV isolate detected in this study, 23 were successfully sequenced.  The phylogram generated
from the nucleotide sequence of the 23 HBoV isolates in this study and that of HBoV reference strains
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showed all the isolates clustering with the reference strain of HBoV1 (Figure 1 & 2). This is similar to the
findings of Nokso-Koivisto et al., Abdel-Moneim et al. and Principi et al., where they reported HBoV-1 as
the genotypes mostly found to be associated with respiratory distress in children (17,21,22).

The phylogenetic analysis revealed that six of the 23 isolates in this study have a very high level of
similarity with ST1 and ST2 which are the WHO references strains for HBoV-1 genotype (3) while the
remaining 17 isolates showed lower similarity to the reference strains. The six isolates that clustered
closely to the references strains for HBoV-1 (Figure 1 & 2) were gotten from children that exhibited
symptoms of high severity (Table 4 & 5). This is similar to the findings of Kenmoe et al. and Pogka et al.,
whose study indicated that HBoV-1 isolates that aligns with the HBoV-1 reference strains are often gotten
from children showing symptoms of severe acute respiratory tract infections (23,24). This could be
because HBoV -1 reference strains were isolated from children with severe acute respiratory tract illness
by Allander et al. (3). The remaining 17 isolates that showed a higher divergence to the reference strains
where obtained from children who exhibited less severe symptoms of respiratory tract illness (Table 4).

There was low level of diversity in the nucleotide and amino acid differences within the HBoV-1 isolates
of this study (that is; an overall mean distance of 0.0 within the isolates and 0.01 when aligned with the
WHO reference strain sequences) (Table 6 & 7). This shows the high level of genetic homogeneity
exhibited by the HBoV1 isolates of this study, and this supports the findings of Allander et al., Arthur et al.,
Cheng et al. and Ghietto et al. (3,4,25,26).

When comparing the isolates obtained in this study to other isolates in the Gen Bank it was observed that
majority of the isolates were closely related to those from Pakistan. This finding supports those of
Kantola et al. and Salmón‐Mulanovich et al.,  which suggests that there is frequent importation of foreign
strains of HBoV-1 genotype, and thereby indicates tourism might plays an important role in the
transmission of the virus (18,27).

Finally, the 8.1% prevalence of HBoV1 that was found in this study showed that this virus strain is
involved in childhood respiratory tract illnesses in Ibadan, and is therefore of public health importance in
Nigeria.

Conclusions
Respiratory tract infections are implicated in high number of childhood deaths globally, and HBoV1 has
been shown to be involved in the respiratory illness of children ≤ 5 years old. The finding of this study
reveals that Human Bocavirus type 1 (HBoV1) is endemic in Ibadan and might be actively circulating
among children in Nigeria. Therefore, this study shows the need for continuous surveillance of HBoV and
laboratory investigation of the role it plays in disease process.  
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Tables

Table 1: Oligonucleotide primers used for the amplification and sequencing of HBoV

Primers Sequence 5´ – 3´ Sense Reference

HBoV 1F CGC CGT GGC TCC TGC TCT + (9)

HBoV 1R TGT TCG CCA TCA CAA AAG ATG TG -

HBoV 2F GGC TCC TGC TCT AGG AAA TAA AGA G +

HBoV 2R CCT GCT GTT AGG TCG TTG TTG TAT GT -
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         Table 2: Showing seasonal distribution of HBoV

Month of Sample Collection HBoV Positive Total P Value
Yes No

  JANUARY 11 29 40 0.000
  FEBRUARY 2 23 25
  MAY 2 7 9
  JUNE 0 27 27
  JULY 0 17 17
  AUGUST 2 80 82
  SEPTEMBER 1 79 80
  OCTOBER 0 6 6
  NOVEMBER 1 6 7
  DECEMBER 8 32 40

Total 27 306 333

 

 

Table 3: Characteristics of the study population

Variable Category Frequency Gender Total

positive

HBoV

percentage STD P

ValueMale / No

Positive

Female / No

Positive

Age 0-6 months 133 68 / 0 65 / 2 2 39.9 1.636 0.001

>6months

-1 year

51 28 / 1 23 / 1 2 15.3

>1-2 years 67 37 / 8 30 / 3 11 20.1

>2-3 years 27 12 / 0 15 / 3 3 8.1

>3-4 years 29 19 / 2 10 / 3 5 8.7

>4-5 years 26 14 / 0 12 / 4 4 7.8

Total   333 178 / 11 155 / 16 27    
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Table 4: Frequency of symptoms among HBoV positive children

Symptom Frequency
Cough 27
Wheeze 7
Breathlessness 5
Fever 9
Nasal Congestion 16
Catarrh 27
Vomiting 3
Itches 0
Tonsillitis 1
Diarrhea 1
Otitis Media 2
Rash 2
Anorexia 7
Restlessness 0

 

 

Table 5: List of isolates with their observable symptoms
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Sample ID Symptoms

OLA17 Cough, Nasal Congestion, Catarrh

ADO40 Cough, Wheeze, Catarrh

OLA21 Cough, Nasal Congestion, Catarrh, Anorexia

ADO38 Cough, Wheeze, Catarrh

ADO27 Cough, Wheeze, Breathlessness, Nasal Congestion, Catarrh

ADO45 Cough, Catarrh

ADO34 Cough, Wheeze, Catarrh

OLA16 Cough, Fever, Nasal Congestion, Catarrh, Anorexia

OLA18 Cough, Nasal Congestion, Catarrh, Otitis

ADO28 Cough, Catarrh

OLA23 Cough, Fever, Nasal Congestion, Catarrh

ADO37 Cough, Wheeze, Catarrh

ADO43 Cough, Catarrh

ADO49 Cough, Wheeze, Catarrh

ADO29 Cough, Wheeze, Catarrh

ADO44 Cough, Wheeze, Catarrh

OLA36 Cough, Fever, Nasal Congestion, Anorexia

OLA34 Cough, Nasal Congestion, Catarrh, Vomiting

OLA33 Cough, Nasal Congestion, Catarrh, Tonsillitis, Anorexia

OLA24 Cough, Fever, Nasal Congestion, Catarrh, Vomiting

OLA32 Cough, Breathlessness, Fever, Nasal Congestion, Catarrh

OLA46 Cough, Breathlessness, Fever, Nasal Congestion, Catarrh, Anorexia

OLA19 Cough, Breathlessness, Fever, Nasal Congestion, Catarrh

 

Table 6 and Table 7 - Due to technical limitations, Table 6 and Table 7 have been placed in the supplementary

files section. 
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Figures

Figure 1

Phylogenetic Analysis of VP1/VP2 Nucleotide Sequences of Isolates of this Study with Reference Strains.
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Figure 2

Phylogenetic Analysis of VP1/VP2 Nucleotide Sequences of the study Isolates with some other Identical
Strains.
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