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Abstract

Background: HPyV6 is a novel human polyomavirus (HPyV), and neither its natural history nor its prevalence in
human disease is well known. Therefore, the epidemiology and phylogenetic status of HPyV6 must be
systematically characterized.

Methods: The VP1 gene of HPyV6 was detected with an established TagMan real-time PCR from nasopharyngeal
aspirate specimens collected from hospitalized children with respiratory tract infections. The HPyV6-positive
specimens were screened for other common respiratory viruses with real-time PCR assays.

Results: The prevalence of HPyV6 was 1.7 % (15/887), and children <5 years of age accounted for 80 % (12/15) of
cases. All 15 HPyV6-positive patients were coinfected with other respiratory viruses, of which influenza virus A (IFVA)
(8/15, 53.3 %) and respiratory syncytial virus (7/15, 46.7 %) were most common. All 15 HPyV6-positive patients were

identity to HPyV6 strain 607a.

Virus

diagnosed with lower respiratory tract infections, and their viral loads ranged from 1.38 to 182.42 copies/ul
nasopharyngeal aspirate specimen. The most common symptoms were cough (100 %) and fever (86.7 %). The
complete 4926-bp genome (BJ376 strain, GenBank accession number KM387421) was amplified and showed 100 %

Conclusions: The prevalence of HPyV6 was 1.7 % in nasopharyngeal aspirate specimens from hospitalized children
with respiratory tract infections, as analyzed by real-time PCR. Because the coinfection rate was high and the viral
load low, it was not possible to establish a correlation between HPyV6 and respiratory diseases.
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Background

The family Polyomaviridae contains viruses that are among
the smallest known to infect humans, in terms of both
their particle sizes and genome lengths. The 40-45 nm
nonenveloped icosahedral particles carry a circular double-
stranded DNA genome of approximately 5000 bp, which is
divided into three functional regions: the noncoding con-
trol region, the early gene region encoding the large T
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antigen and the small T antigen, and the late coding region,
encoding capsid proteins VP1, VP2, and VP3 [1].

Human polyomaviruses (HPyVs) have not been associ-
ated with any severe acute disease in healthy humans.
However, the viral proteins expressed by polyomaviruses
(PyVs) can initiate the transformation and immortalization
of cultured cells and cause cancer in experimental animals
[2]. The HPyV family currently consists of 13 members,
including JCPyV [3], BKPyV [4], WUPyV [5], KIPyV [6],
MCPyV [7], HPyV6 [8], HPyV7 [8], TSPyV [9], HPyV9
[10], HPyV10 [11-13], STLPyV [14], HPyV12 [15] and
NJPyV-2013 [16].

Previous studies have indicated that a number of HPyVs
are associated with human diseases, such as progressive
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multifocal leukoencephalopathy (JCPyV), hemorrhagic
cystitis (BKPyV), Merkel cell carcinoma (MCPyV), and tri-
chodysplasia spinulosa (TSPyV) [3, 7, 9, 17-19]. A sero-
logical study demonstrated that the seroprevalence of
these viruses in 1501 plasma samples from healthy adult
blood donors was BKPyV (82 %), JCPyV (39 %), KIPyV
(55 %), WUPYV (69 %), MCPyV isolate 350 (25 %); and
MCPyV isolate 339 (42 %). The seroprevalence of all poly-
omaviruses in children under 21 years of age (n =721) was
similar to that in the adult population, suggesting that pri-
mary exposure to these viruses occurs in early childhood
and seems to result in lifelong persistence [20]. Neverthe-
less, the natural histories of most HPyVs and their preva-
lence in human diseases are not yet well known.

In 2008, MCPyV was discovered by Feng et al. [7].
HPyV6 and HPyV7 were discovered with MCPyV in skin
swabs from the foreheads of healthy volunteers [8].
However, later research could not demonstrate a rela-
tionship between HPyV6 and Merkel cell carcinoma or
other skin diseases. A phylogenetic analysis of the
complete HPyV6 genome indicated that HPyV6 shared a
branch with KIPyV and WUPyV. Previous reports have
shown that genomic fragments of KIPyV and WUPyV
have been regularly detected in nasopharyngeal aspirates
of children with respiratory tract infections (RTIs) and
are suspected of a causal relationship with respiratory
disease. However, the link between these PyVs and re-
spiratory diseases remains speculative [5, 6, 21, 22].

A real-time PCR assay was established here to deter-
mine the prevalence of HPyV6 throughout a time period
of 12 months (from October 2011 to September 2012).
The prevalence of HPyV6 was 1.7 % (15/887). A complete
HPyV6 genome was amplified, sequenced and found to be
identical with a HPyV6 isolate from USA.

Results

Establishment and evaluation of real-time PCR assay
With the standard curve derived from serial DNA dilu-
tions, the dynamic range of the real-time PCR assay was
10°-10" copies/pl and the limit of detection was one
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copy. The coefficient of determination (R”=0.99667)
showed a good linear correlation. The TagMan-based
real-time PCR assay to detect HPyV6 did not amplify
any other viral pathogen, showing the excellent specifi-
city of this assay. Four different DNA concentrations
(10°-10® copies per reaction) were repeated five times in
each run. The maximum coefficient of variation was
0.66 %, which indicates good precision (data not shown).

Epidemiology of HPyV6

A total of 887 NPA samples were obtained from 887
children with RTI. The sex ratio (male:female) was
524:363 (1.44:1) and the median age was 24 months
(ranging from 3 days to 14 years). The prevalence of
HPyV6 was 1.7 % (15/887) in the 887 NPA specimens
tested. Of the 15 HPyV6-positive patients, eight were male
(8/524, 1.53 %) and seven were female (7/363, 1.93 %), so
the prevalence was similar in both sexes (p >0.05). The
ages of the infected patients ranged from 4 days to
13 years, and children <5 years of age accounted for 80 %
(12/15) of the total HPyV6-positive children. The age dis-
tribution of the HPyV6-infected children indicated that
those aged 37-48 months had the highest infection rate
(3.41 %) (Fig. 1). HPyV6 was detected in every month of
the study year, except February, June, July, October, and
November. The majority of HPyV6 cases were detected in
spring (from March 2012 to May 2012), accounting for
733 % (11/15) (Fig. 2), and the peak incidence (5/88,
5.68 %) occurred in April 2012.

Nucleic acids extracted from all 887 NPA samples
were tested for the VP1 gene of HPyV6 with the previ-
ously established TagMan real-time PCR. The HPyV6-
positive specimens were then screened for human
metapneumovirus (hMPV), respiratory syncytial virus
(RSV), human bocavirus (HBoV), influenza viruses A
(IFVA) and B (IFVB), parainfluenza virus types 1-4
(PIV1-4), human rhinoviruses (HRVs), adenovirus (ADV),
human coronaviruses (229E, OC43, NL63, and HKU1),
WUPyV, and KIPyV with real-time PCR assays. The
primers and probes used in this study are listed in
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Fig. 1 Age distribution of children infected with HPyV6
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Additional file 1: Table S1 [23-31]. All 15 HPyV6-positive
patients were coinfected with1-4 respiratory viruses. Most
HPyV6-associated coinfections involved IFVA (8/15,
53.3 %) or RSV (7/15, 46.7 %) (Table 1).

Viral load and clinical characteristics of HPyV6 in children
All 15 HPyVé6-positive patients were diagnosed with
lower RTI, including bronchopneumonia in nine (60 %),
acute bronchitis in three (20 %), bronchitis in two
(13.3 %), and pneumonia in one (6.7 %). The most com-
mon symptom was cough, which occurred in all 15 pa-
tients (100 %). Other clinical presentations included
fever (n=13, 86.7 %), gasping (n =3, 20 %), vomiting
(n=3, 20 %), and diarrhea (n=1, 6.7 %). Among the
HPyV6-positive specimens, the HPyV6 genome copies
ranged from 1.38 to 182.42 copies/pl NPA on a real-
time PCR assay (Table 2). The HPyV6 genome copy
number was 52.07 copies/pl NPA in children suffering
lower RTIs only, and was slightly higher than 29.75
copies/ul NPA in those infected with lower RTIs and

other diseases, but these did not differ significantly
(p > 0.05, Mann—Whitney U test).

To determine the complete HPyV6 genomic sequence,
overlapping genomic fragments were amplified with
nested PCR using 15 pairs of virus-specific primers
(listed in Additional file 1: Table S2), and the complete
4926-bp genome was compiled with BioEdit 9.0 soft-
ware. The genome sequence of HPyV6 was deposited in
GenBank under accession number KM387421. BLAST
analysis with the complete HPyV6 genome showed a
high level of nucleic acid identity to the six full HPyV6
genomes available in GenBank. Relationsship to the
HPyV6 strain 607a was 100 %.

Discussion

HPyV6, thought to be a skin-tropic polyomavirus, was
initially described in 2010. Since then, subgenomic frag-
ments of HPyV6 DNA have been detected in a variety
of specimen types, including skin, respiratory secre-
tion samples, and various tumor samples (for instance,

Table 1 Codetection of HPyV6 and other common respiratory viruses

KIPyW WUPyY HBoV HRV ADV HMPV RSV IFVA [FVB PIV-1 PIV-2 PIV-3 PIV-4 HCoV-229E HCoV-OC43 HCoV-HKU1 HCoV-NL63
BJ148 + + + +
BJ211 + +
BJ361 + +
BJ375 + + +  +
BJ376 + +
BJ454 +
BJ460 + + +
BJ488 + + +
BJ508 + + +
BJ511 + + +
BJ520 + o+
BJ537 +
BJ556 +
BJ767 + +
BJ840 + + o+ +

+ represents positive; HBoV human bocavirus; HRV human rhinoviruse; ADV adenovirus; h(MPV human metapneumovirus; RSV respiratory syncytial virus; IFVA
influenza viruses A; IFVB influenza viruses B; PIV1-4, parainfluenza virus types 1-4; HCoV 229E, OC43, NL63, HKU1, human coronaviruses 229E, OC43, NL63, HKU1
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Table 2 Viral loads and clinical characteristics of HPyV6-positive children with respiratory tract infections

Specimen Sex Age (month) Date Signs/symptoms Diagnosis Viral load in NPA
(copies/uL)
BJ148 F 156 Dec-11 Fever, cough Bronchopneumonia, congenital hypoplasia of 1.38
left kidney
BJ211 M 3 Jan-12 cough, gasping, diarrhea Bronchopneumonia, malnutrition 8.84
BJ361 F 30 Mar-12 Fever, cough, vomiting Acute bronchitis, congenital hydronephrosis, 4853
hypokalemia, dyspepsia, oral exanthema
BJ375 F 108 Mar-12 Fever, cough Acute bronchitis 54.95
BJ376 M 9 Mar-12 cough, gasping Bronchitis 18242
BJ454 M 34 Apr-12 Fever, cough Bronchopneumonia 4721
BJ460 M 48 Apr-12 Fever, cough, vomiting Bronchopneumonia, ventricular premature beat 68.99
BJ488 F 60 Apr-12 Fever, cough Acute bronchitis, acute suppurative tonsillitis 68.05
BJ508 M 36 Apr-12 Fever, cough Bronchopneumonia, infectious mononucleosis 29.14
syndrome, acute suppurative tonsillitis
BJ511 F 44 Apr-12 Fever, cough Bronchopneumonia 21.96
BJ520 M 41 May-12 Fever, cough, vomiting Bronchopneumonia, rhinitis 293
BJ537 F 22 May-12 Fever, cough Bronchopneumonia, hepatomegaly 10.14
BJ556 F 24 May-12 Fever, cough Mycoplasmal pneumonia 36.08
BJ767 M 84 Aug-12 Fever, cough, gasping Bronchitis 16.55
BJ840 M 11 Sep-12 Fever, cough Bronchopneumonia 334

squamous cell carcinoma, basal cell carcinoma, and mul-
tiple myeloma) [8, 32-34]. Although HPyVs had been
identified several decades ago, there are still many basic
questions to be clarified, for examples, how HPyVs inter-
act with their hosts and how to spread throughout a popu-
lation. For instance, BKPyV and JCPyV are shed in the
urine and transmitted via the respiratory route. No data
on the immune responses of healthy individuals to the
HPyVs are available. It is unknown whether the HPyVs
exist in human cells with low viral replication to establish
a latent state, or how the cells restrict viral replication.
The answers to these questions will require more informa-
tion on the biology and epidemiology of the HPyVs.

The genomes and proteins of HPyV6, one of the novel
HPyVs, show little sequence homology with previously
reported HPyVs (BKPyV and JCPyV). Although HPyV6
encodes a conserved, potentially carcinogenic LTAg, pre-
vious studies have shown no association between HPyV6
and tumors [1]. Furthermore, a phylogenetic analysis
indicated that LTAg of HPyV6 (KM387421) is only
distantly related to its homologues in other cancer-
associated HPyVs. The HPyV6, WUPyV, and KIPyV
strains formed a clade in the complete genome and VP1
amino acid phylogenies, whether HPyV6 also associate
with respiratory infection which need more clinical and
experimental evidences to support. HPyV6 has been de-
tected in specimens from the human respiratory tract,
but there are as yet insufficient epidemiological data to
demonstrate a correlation between HPyV6 and respira-
tory disease. Because initial infections with most HPyVs

occur in infancy, the prevalence of HPyV6 in NPAs from
children was detected with real-time PCR.

HPyV6 displayed an overall prevalence of 1.7 % in
NPA samples collected from children in a hospital in
China, which is similar to its prevalence reported previ-
ously (0.5-2 %) [34, 35]. It has not been confirmed that
HPyV6 infects humans via the respiratory tract, but the
respiratory tract may be a possible route of transmission.
In this study, HPyV6 was mainly detected in children
less than 5 years of age, and the peak incidence occurred
in spring. All 15 HPyV6-positive patients were coin-
fected with other respiratory viruses, of which IFVA and
RSV were the most common. The HPyV6-positive
patients were diagnosed with lower RTIs, 60 % had
bronchopneumonia, and the most common symptoms
were cough and fever.

Although known HPyVs cause disease in patients with
immune-system imbalances, they do not seem to cause
obvious illnesses in the great majority of infected individ-
uals. However, BKPyV can induce nephropathy in kidney
transplantation recipients and JCPyV causes progressive
multifocal leukoencephalopathy. Progressively increasing
or high viral loads are also associated with high-level viral
replication and disease. For instance, progressive multi-
focal leukoencephalopathy and hemorrhagic cystitis are re-
lated to high viral loads of JCPyV and BKPyYV, respectively.
The present study cannot confirm that HPyV®6 is the cause
of RTIs in hospitalized children, because the viral loads of
HPyV6 were low (1.38-182.42 copies/pl) and the coinfec-
tion rate with other respiratory viruses was high.
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In previous reports, HPyVs were detected in the re-
spiratory tract and skin but, to date, there has been in-
sufficient evidence that HPyV6 is associated with any
respiratory tract disease or skin disease [36]. Whether
HPyV6 induce any disease requires the analysis of fur-
ther data.

Conclusion

The detection rate for HPyV6 by real-time PCR assay
was 1.7 % in 887 NPA samples collected from hospital-
ized children with RTI. An association between HPyV6
and respiratory diseases could not been revealed due to
the high coinfection rate and the low HPyV6 viral load.

Methods

Study population and samples

From 1 October, 2011, to 30 September, 2012, 887 naso-
pharyngeal aspirate (NPA) specimens were collected
continuously from 887 hospitalized children with RTI,
who ranged in age from 3 days to 14 years, at Beijing
Friendship Hospital, Beijing, China. The patients’ par-
ents or guardians gave their written informed consent
for specimen collection and testing, and the project was
approved by the Ethical Committee of the Beijing
Friendship Hospital. The NPA specimens were collected
and transported immediately to the National Institute
for Viral Disease Control and Prevention, China CDC,
and stored at —80 °C until further processing. All demo-
graphic data and clinical findings were recorded on a
standard form. Total nucleic acids were extracted from
each NPA specimen using the QlAamp MinElute Virus
Spin Kit (Qiagen, Beijing, China).

TaqMan real-time PCR assay

A TagMan-based real-time PCR assay for the detection
of VP1 gene of HPyV6 was designed with Primer Ex-
press 3.0 software. The primer sequences used were
HPyV6-F 5-TTAACACCCTTCTTTGTGCTGCTA-3 and
HPyV6-R 5- GCCCAATTATTCAAAGCAGCTAA-3; and
the probe sequence was HPyV6-P FAM-CTGTCACAG
GCCTGCTGAGCAATAGATTTC-TAMRA. The specific-
ities of the primers and probe were evaluated in GenBank
with BLAST. The primers and probe were synthesized by
Invitrogen (Beijing, China). A common reaction mix was
prepared for the real-time PCR assays. Briefly, the final
20 pl reaction mix contained 10 pl of TagMan Gene Ex-
pression Master Mix, 1.8 pl of each primer (10 pmol/pl),
0.2 pl of probe (10 pmol/pl), 2 pl of pMD18-T/VP1 plasmid
template (plasmid pMD18-T linked to the VP1 gene of
HPyV6), and 4.2 ul of H,O. The amplification conditions
included an initial incubation at 50 °C for 2 min and 95 °C
for 15 min, followed by 40 cycles of 95 °C for 15 s and
60 °C for 1 min, using the Mx3005P qPCR System
(Agilent Stratagene). Ten-fold serial dilutions of the
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pMD18-T/VP1 plasmid (from 10° to 10'° copies/ul)
were added to the real-time PCR reactions in duplicate.
The results were used to generate a standard curve for
HPyV6. Specificity was assessed by testing mixed
samples of other common HPyVs, including WUPYyYV,
KIPyV, JCPyV, BKPyV, and HPyV7. To test the repro-
ducibility of the assay, we added 10°-10® copies/ul of
pMD18-T/VP1 plasmid to each reaction and each concen-
tration of DNA was repeated five times. In addition, house-
keeping gene glyceraldehyd-3-phosphate dehydrogenase
(GAPDH) was used as internal control. 2 pl of nucleic acid
of each NPA specimen was added to each reaction. Only
samples that were positive according to both PCR and
DNA sequencing were considered “positive”.

Compiling the complete HPyV6 genome and
phylogenetic analysis

Fifteen overlapping fragments of the complete genome
of HPyV6 strain BJ376 were PCR amplified (Table 2)
with the Takara Ex Taq kit. The 15 overlapping frag-
ments were then cloned into pMD18-T and sequenced
(Invitrogen). The nucleotide sequence of the full-length
HPyV6 genome was then compiled using BioEdit 9.0
software. The full-length HPyV6 sequence was aligned
with the sequences of other HPyVs and other HPyV6
strains available in GenBank with DNAStar software. A
neighbor-joining tree was constructed with MEGA 6.0.

Statistical analysis

The significance of differences between the prevalence
rates and viral loads of various groups was tested with
Fisher’s exact test and the Mann—Whitney U test. All
analyses were performed with SPSS 19.0 software.

Additional file

Additional file 1: Table S1. Primers and probes used to detect
respiratory viruses. Table S2. Primers used to amplify HPyV6 with nested
PCR (DOCX 28 kb)
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