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bstract

ackground: Recently, Allander and co-workers reported the discovery of a new human polyomavirus, KI virus, in respiratory secretions
rom patients with acute respiratory tract infection (ARTI).
bjective: We examined 951 respiratory samples collected in Queensland, Australia, between November 2002 and August 2003 from patients
ith respiratory infection, for the presence of the KI virus.
esults: Twenty-four (2.5%) samples were positive for KI virus with 20 (83%) of these from children younger than 5 years. In six (25%)
atients KI was co-detected with another virus. Full genome sequencing of three isolates shows a high degree of conservation between the

ueensland isolates and the original isolates reported from Swedish patients.
onclusions: The newly described KI polyomavirus may commonly be found in the respiratory tract of patients with ARTI, particularly
hildren, and results indicate that the virus has global presence.
rown Copyright © 2007 Published by Elsevier B.V. All rights reserved.
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. Introduction

Viral infections of the respiratory tract are responsible for
ignificant mortality and morbidity worldwide, particularly in
hildren (Mulholland, 2003). The viral respiratory pathogens
hat are commonly recognised include rhinoviruses (HRV),

oronaviruses (HCoV), influenza viruses (IFV), parain-
uenza viruses (PIV), respiratory syncytial virus (RSV) and
denoviruses (ADV). However, despite exhaustive investiga-
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ion, a significant proportion of respiratory infections cannot
e accounted for by these viruses, suggesting that addi-
ional respiratory pathogens are still likely to exist (Heikkinen
nd Jarvinen, 2003). Over the last 6 years, the search for
hese agents has led to the detection of human metapneu-

ovirus (HMPV) (van den Hoogen et al., 2001), human
oronaviruses, SARS (Ksiazek et al., 2003), NL63 (van der
oek et al., 2004) and HKU1 (Woo et al., 2005), human
ocavirus (HBoV) (Allander et al., 2005) and very recently,
uman KI polyomavirus (KIV) (Allander et al., 2007).

Allander et al. (2007) showed that KIV was phylogenet-

cally related to other primate polyomaviruses in the early
egion of the genome, but has very little homology in the late
egion. They found KIV by PCR in 6 (1%) of 637 nasopha-
yngeal aspirates (NPAs), and in one (0.5%) of 192 faecal

V. All rights reserved.
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with respiratory disease remains highly speculative in the
absence of studies including “clinically well” control sub-
jects.

Table 1
Distribution and rate of KIV-positive results in respiratory samples collected
from a Queensland population

Age group (yrs) Number tested KIV positive % positive

0–2 624 12 1.9
3–5 117 8 6.8
6–10 61 2 3.4
11–20 57 0 0
21–30 8 1 11.1
31–40 13 0 0
6 S. Bialasiewicz et al. / Journal

amples, but did not detect it in sets of urine and blood sam-
les. So far, the pathogenicity and prevalence of this virus
as not yet been established.

The genomes of viruses in the family Polyomaviridae are
ingle molecules of covalently closed, superhelical double-
tranded DNA that are replicated in the nucleus. Different
amily members infect several species of mammals, includ-
ng humans, other primates, rodents, rabbits as well as
irds. Before KI virus, two human polyomaviruses, BK virus
BKV) and JC virus (JCV) were described which are ubiqui-
ous worldwide (Stolt et al., 2003). Although it is postulated
hat these polyomaviruses utilise a respiratory route for trans-

ission, detection of their nucleic acids in the respiratory
ract is rare (Goudsmit et al., 1982; Sundsfjord et al., 1994).
ormally infection with JCV and BKV in immunocompetent
osts results in asymptomatic infection, but in the immuno-
ompromised these viruses may cause significant disease.
CV may be the cause of progressive multifocal leukoen-
ephalopathy (PML) while BK virus has been associated with
ubular nephritis in renal transplant recipients and haemor-
hagic cystitis in bone marrow transplant recipients (Arthur
t al., 1986). Following primary infection, these viruses
ay persist in the kidney and can periodically re-emerge in

he host (Behzad-Behbahani et al., 2004; Markowitz et al.,
993). Following the report describing KIV, we sought to
etermine the presence of this virus in a well-characterised
opulation of respiratory samples collected from Queens-
and subjects with acute respiratory tract infection
ARTI).

. Methods

Nine hundred and fifty one respiratory samples, includ-
ng 887 NPAs and 64 bronchoalveolar lavages, collected
n Queensland from November 2002 to August 2003 from
atients presenting to hospital with ARTI were examined for
he presence of KIV by PCR. These patients ranged in age
rom 1 month to 95 years with a mean age of 7.5 years and
median age of 1.5 years. Fifty-seven percent of samples
ere from males, 43% from females, and 78% were col-

ected from children 5 years of age or younger. All samples
ere previously tested by PCR for the commonly recognized

espiratory viruses, HRV, HCoV, IFV, PIV, RSV, ADV, NL63,
KU1, HMPV and HBoV (Arden et al., 2006).
Nucleic acids were extracted from 0.2 ml of each specimen

sing the High Pure Viral Nucleic Acid kit (Roche Diag-
ostics, Sydney, Australia). Extracts were stored at −80 ◦C
ntil analysed by PCR using the two primer sets originally
escribed by Allander et al. (2007) for the detection of
IV (POLVP1-39F & POLVP1-363R) and confirmation of
ositive results (POLVP1-118F & POLVP1-324R). A 25 �l

eaction volume was used in the PCR, containing Qiagen Hot-
tar DNA polymerase (QIAGEN, Melbourne, Australia), and
as cycled using reaction parameters as originally described,
ut extending the number of reaction cycles to 40.
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The complete genomes of KIV detected in three patients
ere sequenced directly from clinical samples using nine
rimer pairs to amplify overlapping fragments of the cir-
ular genome. Amplification products were purified using
he High Pure Viral Nucleic Acid kit (Roche Diagnostics,
ydney, Australia) and nucleotide sequencing reactions were
erformed using ABI BigDye version 3.1 on an ABI 3130xl
enetic Analyser (Applied Biosystems, Scoresby, Victo-

ia, Australia). Raw KIV sequence data were aligned with
wedish KIV sequences using BioEdit version 7.0.5.3. Frac-

ional nucleotide sequence identity matrices were used to
xamine the variability among Queensland and Swedish KIV
equences.

. Results

We found 24 of the 951 respiratory specimens were pos-
tive for KIV, yielding a prevalence of 2.5% in this sample
opulation. Although positive specimens were obtained from
ubjects ranging in age from 5 months to 68 years, the major-
ty (83.3%) were detected in children 5 years of age or
ounger, and from specimens that were collected during May
o July inclusive (Table 1).

In six cases (25.0%) KIV was detected in patients who
howed evidence of co-infection with another respiratory
irus. Four were co-detected with RSV, one with influenza A
nd one with HMPV. All these patients were younger than 3
ears of age (Table 2).

In this study, the 24 patients who yielded positive spec-
mens suffered from a wide range of respiratory symptoms
onsistent with upper and lower respiratory tract infection
ncluding cough, bronchiolitis and pneumonia (Table 2).
n all cases there was clear clinical evidence of ARTI
nd in 18 cases KIV was the only virus detected. How-
ver, a significant number of patients still remained that
howed similar symptoms in the absence of a recognised
espiratory pathogen. Clearly, linking the presence of KIV
1–50 16 1 5.9
1–60 23 0 0
60 32 0 0

ll samples 951 24 2.5
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Table 2
Clinical presentation and demographic information of 24 patients who tested positive for KIV

ID Age Sex Month detected Other virus detected Clinical presentation

1 5 months M January Nil None recorded
2 6 months M May Nil LRTI, febrile
3 6 months M May RSV Trachiitis
4 6 months F June Nil URTI
5 7 months F July Nil LRTI
6 9 months M June Nil Cough, febrile
7 10 months M June NIL Pneumonia
8 10 months M July NIL URTI
9 11 months M June RSV Bronchiolitis

10 11 months M June INF A None recorded
11 1 year 2 months M June Nil Febrile
12 1 year 3 months M June RSV None recorded
13 1 year 6 months M May Nil Bronchiolitis
14 1 year 10 months F July Nil Fever, diarrhoea
15 1 year 11 months M July HMPV Bronchiolitis
16 2 years 2 months M July Nil None recorded
17 2 years 9 months M April RSV None recorded
18 3 years 2 months F December Nil URTI, febrile
19 3 years 3 months M May Nil None recorded
20 3 years 7 months F July Nil None recorded
21 5 year 6m M June NIL Bronchiolitis
22 6 years 10 months M July Nil Cough, respiratory distress
23 23 years 6 months F January Nil Persistent cough
24 43 years 11 months M July Nil Malaise, febrile

Fig. 1. Phylogenetic relationships observed in a neighbour-joining analysis in which whole genome sequences from KI polyomavirus strains detected in
Queensland children were aligned with Swedish sequences reported by Allander et al. (2007) (GenBank accession numbers EF127906-127908). Data were
prepared using BioEdit (version 7.0.5.3), presented on a topology tree that was created using MEGA (version 3.1). Nodal confidence values indicate the
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esults of bootstrap re-sampling (n = 1000). The nucleotide sequences of K
F520287-520289.

Results of sequencing showed a high level of conser-

ation amongst the Queensland KIV sequences as well
s between the Queensland and Swedish sequences with
9.4–100% similarity at a nucleotide level (Fig. 1). How-

s
d
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able 3
equences of the first 100 nucleotides of KI virus detected in Queensland children
01 shows a 10 base pair insertion at position 60–69 (sequences are numbered as o
omavirus Brisbane 001, 002 and 003 can be accessed in GenBank under

ver these observations are limited by the small number of

pecimens examined in each study. One genome sequence
erived from an NPA collected from a 6-month-old Queens-
and boy showed a 10 bp insertion at position 60–69 of the

compared to Swedish sequences. Sequence for KI polyomavirus Brisbane
riginally described by Allander et al. (2007))



1 of Clin

K
t

4

s
f
g
t
e
t
c
o
m
p
c
c
a
t
c
t
t
i

o
I
d
i
o
r
a
a
i
c
m
m

A

F
F

D
o
p

R

A

A

A

A

B

G

H
K

M

M

S

S

v

v

8 S. Bialasiewicz et al. / Journal

IV genome (Table 3), suggesting that variable regions of
he KIV genome may occur.

. Discussion

This study follows the original report from Sweden in
howing that KIV may be found in respiratory secretions
rom patients with ARTI, and is the first to demonstrate likely
lobal presence. The incidence of KIV in our sample popula-
ion was significantly greater than that reported by Allander
t al. (2007) and may reflect genuine differences between
hese populations, or be due to differences in sample pro-
essing and analysis. Our results showed that the majority
f positive detections were made in the Australian winter
onths (May–July). However, considering that the sample

opulation tested in this study was not representative of a
omplete calendar year, these results should be viewed with
aution, and a larger sample population representative of
ll seasons must be examined before seasonality of infec-
ion may be established for this virus. Clearly further, more
omprehensive, studies must be performed to establish the
rue incidence of this virus in different population groups,
he genetic diversity of circulating viral strains, and most
mportantly, its causal role in respiratory and other disease.

This study provides preliminary data examining the role
f KIV as a potential respiratory pathogen involved in ARTI.
t remains possible that the virus is not involved in respiratory
isease and its presence in the respiratory tract simply reflects
ts mode of transmission similar to JCV and BKV. In 75%
f the KIV-positive specimens in our study, no other viral
espiratory pathogen was detected hinting at a causal associ-
tion between KIV and respiratory disease. Establishing the
ssociation of KIV with a particular disease will be challeng-
ng and will require extensive further investigation. However,
onsidering the oncogenic potential of polyomaviruses in
ammals, the results of such studies may have important
edical implications.
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