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bstract

ackground: Currently, the role of the novel human polyomaviruses, KI (KIV) and WU (WUV) as agents of human disease remains uncertain.
bjectives: We sought to determine the prevalence of these viruses and their rate of co-detection with other viral respiratory pathogens, in

n Australian population.
tudy design: Polymerase chain reaction assays previously described were used to examine the presence of KIV and WUV in 2866 respiratory
pecimens collected from January to December 2003 from Australian patients with acute respiratory infections.
esults: KIV and WUV were present in our population with an annual prevalence of 2.6% and 4.5%, respectively. There was no apparent
easonal variation for KIV, but a predominance of infection was detected during late winter to early summer for WUV. The level of co-infection
f KIV or WUV with other respiratory viruses was 74.7% and 79.7%, respectively. Both viruses were absent from urine and blood specimens

ollected from a variety of patient sources.
onclusions: KIV and WUV circulate annually in the Australian population. Although there is a strong association with the respiratory tract,
ore comprehensive studies are required to prove these viruses are agents causing respiratory disease.
rown Copyright © 2007 Published by Elsevier B.V. All rights reserved.
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. Introduction

Intensive investigations over the last 6 years have led to
he discovery of a number of new or emerging putative respi-
atory viruses, including human metapneumovirus (HMPV)
van den Hoogen et al., 2001), human coronaviruses, SARS
Ksiazek et al., 2003), NL63 (van der Hoek et al., 2004)
nd HKU1 (Woo et al., 2005), human bocavirus (HBoV)
Allander et al., 2005) and very recently, two new human

olyomaviruses, KI virus (KIV) (Allander et al., 2007) and
U virus (WUV) (Gaynor et al., 2007). Their role as

ausative agents of respiratory disease has been conclusively
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emonstrated for some of these (HMPV, SARS, NL63),
ut for others their classification as a respiratory pathogen
emains highly speculative in the absence of fulfilling Koch’s
ostulates. This is particularly so for the newly discovered
uman KIV and WUV.

KIV and WUV were discovered independently in Sweden
nd the USA within months of each other. Allander et al.
2007) showed that KIV is phylogenetically related to other
rimate polyomaviruses in the early region of the genome, but
ad little homology in the late region. Similarly, by multiple
equence alignments of the predicted STAg, LTAg, VP1 and

P2 open reading frames, Gaynor et al. (2007) confirmed

hat WUV was clearly another novel polyomavirus that is
ost closely related to KIV. They also showed that WUV

iffered significantly from the other human polyomaviruses

V. All rights reserved.
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K (BKV) and JC (JCV) in genome sequence and suggested
hat it is likely to have unique biological properties.

As a first step in elucidating the distribution and a pos-
ible role in human disease of KIV and WUV, we sought
o determine the presence of these viruses in the population
nd their association with the respiratory tract. For this pur-
ose we had at our disposal respiratory samples collected
uring 2003 from patients with acute respiratory tract infec-
ion (ARTI) that had been extensively tested for other known
espiratory viruses. This sample cohort was investigated for
he presence of KIV and WUV, seasonality, and rate of
o-infection with each other or other common respiratory
iruses.

. Materials and methods

.1. Respiratory specimens and nucleic acid extraction

We examined 2866 respiratory samples consisting of 2733
asopharyngeal aspirates (NPAs), 91 bronchoalveolar lavage
BAL), 33 bronchial washings (BW) and 9 endotracheal aspi-
ates (ETA) for the presence of KIV and WUV. Also, in
onsideration of the fact that BKV and JCV may be fre-
uently found in urine and blood, we examined 215 urine
amples, and 102 blood samples.

NPAs were collected from January 2003 until January
004, from hospitalized patients or patients presenting for
ssessment at hospital emergency departments in Queens-
and, Australia, with ARTI. Patients ranged in age from 3
ays to 95 years (mean = 9.2 years; median age = 1.38 years),
nd 76.5% of specimens were from children 5 years of age or
ounger. Nucleic acids were extracted from 0.2 mL of each
PA specimen using the High Pure Viral Nucleic Acid kit

Roche Diagnostics, Australia), according to the manufac-
urer’s instructions.

To ensure that a diverse urine sample population was
ested in this study, we included specimens that were obtained
rom a general hospital population and submitted for rou-
ine investigation of micro-organisms. Urine samples were
ollected between October 1999 and August 2005 from pedi-
tric and adult patients ranging in age from 1 day to 76 years
mean = 16.9 years; median age = 24.6 years). Fifty-five sam-
les were included from adult immunocompromised (bone
arrow transplant) patients. Nucleic acids were extracted

rom 0.2 mL of each urine specimen with a QIAamp DNA
lood mini kit (Qiagen, Clifton Hill, Australia). This pro-
edure has been shown to be suitable for the extraction of
iral DNA from urine specimens because of the high DNA
ield and the removal of PCR inhibitors (Echavarria et al.,
998). Similarly, 102 blood samples collected between Octo-
er 2004 and June 2005 for the monitoring of aspergillosis

n 27 children with leukemia ranging in age from 2 to 16
ears (mean = 7.6 years; median age = 6.0 years) were tested
or KIV and WUV. A 200 �L volume of each blood sample
as extracted as described for urine samples above.

t
K
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.2. Detection of KIV and WUV by PCR

Extracts were analyzed for the presence of KIV and WUV
equences by conventional PCR. A common PCR reac-
ion mix was used for all conventional assays consisting of
.25 units of QIAGEN HotStart Taq (Qiagen), 2.5 pmol of
ach primer, 0.625 �L of 10 mM dNTPs, 0.5 �L of 25 mM
gCl2, 2.5 �L of 10× QIAGEN PCR buffer (Qiagen) and

.5 �L of nucleotide extract made up to a 25 �L volume.
mplification was performed on an ABI GeneAmp 2700

nstrument (Applied Biosystems Pty Ltd., Scoresby, Aus-
ralia). For KIV, specimens were screened using primers
OLVP1-39F and POLVP1-363R and positive results were
onfirmed with a second set of primers (POLVP1-118F and
OLVP1-324R) as originally described by Allander et al.
2007). The KIV PCR assays utilized cycling conditions of
5 min incubation at 95 ◦C, followed by 40 cycles of 95 ◦C for
0 s, 54 ◦C for 30 s and 72 ◦C for 1 min, followed by a final
xtension of 10 min at 72 ◦C. WUV was initially detected
y conventional PCR using primers AG0044 and AG0045,
s described by Gaynor et al. (2007), utilizing 15 min incu-
ation at 95 ◦C, followed by 40 cycles of 95 ◦C for 30 s,
6 ◦C for 30 s and 72 ◦C for 1 min, and a final extension
f 10 min at 72 ◦C. PCR amplification products were real-
zed by electrophoresis on 2% agarose gels and visualized
ith ethidium bromide staining. Positive results were con-
rmed using a WUV-specific real-time PCR assay, which
as recently developed in our laboratory, incorporating a
ydrolysis (TaqMan) probe (Bialasiewicz et al., 2007).

.3. PCR analysis for other respiratory viruses

Samples had been previously tested for the presence
f other significant respiratory viruses (respiratory syn-
ytial virus (RSV), influenza virus A and B (INF A &
), parainfluenza viruses 1,2,3 (PIV 1,2,3), adenoviruses

ADV), HMPV) as previously described (Syrmis et al., 2004;
aertzdorf et al., 2004). All KIV and WUV positive speci-
ens were further tested to determine the simultaneous pres-

nce of human rhinoviruses (HRV), human coronaviruses
HCoV) OC43, 229E, NL63 and HKU1 (Arden et al., 2006;
loots et al., 2006) and HBoV. The presence of HBoV
as determined by real-time PCR using primers STBoVP-
f (GGCAGAATTCAGCCATACTCAAA) and STBoVP-
r (TCTGGGTTAGTGCAAACCATGA) and a hydrol-
sis probe STBoVP-1probe (AGAGTAGGACCACAGT-
ATCAGACACTGCTCC-Yakima) targeting the HBoV VP-
gene. All HBoV-positive results were confirmed by a second

eal-time PCR assay developed in our laboratory targeting the
P-1 gene (unpublished data).

.4. Sequencing of KIV and WUV genomes
We sequenced the complete genomes of KIV detected in
hree patients in this study, and compared those sequences to
IV sequences available for the Swedish isolates (Allander
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ig. 1. Seasonal distribution of KIV and WUV positive results shown as a
ested were collected from an Australian population with acute respiratory t

t al., 2007). Similarly we sequenced six complete WUV
enomes using previously described protocols (Gaynor
t al., 2007) and sought to determine the genetic rela-
ionship of WUV with each other and compared to the
ther human polyomaviruses BKV and JCV. Raw KIV
nd WUV sequence data were aligned together with
CV, BKV and SV40 sequences using BioEdit version
.0.5.3. Fractional nucleotide sequence identity matrices
ere used to examine the relationship between KIV, WUV,

CV, and BKV, with SV40 being utilized as the rooting
ut-group.

. Results

.1. Prevalence and temporal distribution of KIV and
UV

Of 2866 specimens tested, 75 (2.6%) NPA were positive
or KIV and 128 (4.5%) NPA were positive for WUV. The
oungest KIV positive subject was 4 months of age, and
he oldest 69 years, and for WUV, 19 days and 52 years,
espectively. 78.6% of KIV-positive results were from chil-
ren 5 years of age or younger and 93.0% of WUV-positive
esults fell in this age group. Although both viruses had a
onsistent presence during 2003, there appeared to be no
easonal pattern of peak infection associated with KIV in
ur sample population. However, there appeared to be a pre-
ominance of infection with WUV in Queensland patients
uring the period from late winter to early summer, peaking
n December (Fig. 1). The prevalence of WUV from August
o December was 5.5% compared to an average incidence

f 2.9% for the rest of the year. In contrast, the prevalence
f KIV for this period was 2.9% compared to 2.5% for the
emaining year. However, this distribution across different
easons proved not to be statistically significant for either

f
n
w
(

age of total number of specimens tested per month. Respiratory secretions
ection during 2003.

irus. In this specimen set for 2003, complete annual preva-
ence data were only available for those respiratory viruses
onsidered to be of most clinical significance. Of these the
redominant viral pathogen detected was RSV (9.2%), fol-
owed by HMPV (7.1%); INF A (3.5%); PIV 3 (2.3%); and
DV (1.3%). Examination of the urine and blood samples

ailed to detect the presence of either KIV or WUV in any
amples.

.2. Co-detection of KIV and WUV with other
espiratory viruses

KIV and WUV were associated with the co-detection of
nother respiratory virus in 56 of 75 (74.7%) and 102 of
28 (79.7%) cases, respectively. Both were most commonly
o-detected with HRV, followed by HBoV as the second
ost frequently detected virus (Table 1). Interestingly, in 14

atients, KIV was co-detected with WUV and in only one of
hese no other respiratory virus was present.

.3. Clinical presentation of KIV and WUV infected
atients

The clinical signs at presentation to hospital from 51 of
5 KIV-positive and 98 of 128 WUV-positive patients were
crutinized, and presenting clinical features were recorded.
here was no observable difference in presenting signs
etween patients infected with KIV and those infected
ith WUV, and these were consistent with ARTI. These

igns also did not differ from those observed in patients
ith ARTI attributed to other respiratory viruses, or in
act those patients for whom a cause of infection could
ot be identified. Clinical presentation for these patients
as comprised predominantly of cough, fever and malaise

Table 2).
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Table 2
Clinical signs on presentation to hospital of patients with ARTI, who tested
positive for KIV or WUV

Presenting signs KIV (N = 51) WUV (N = 98)

Cough 56% 63%
Fever 41% 45%
Malaise 39% 32%
Bronchiolitis 15% 23%
Diarrhoea 8% 7%
Pneumonia 0% 2%
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.4. Phylogenetic analysis of KIV and WUV

The results of phylogenetic analysis showed a high level
f genome conservation for KIV, with 99.4–100% similarity
t a nucleotide level between the strains detected in Aus-
ralia (GenBank accession numbers EF520287–EF520289)
ompared to KIV sequences reported by the Swedish
roup. Similarly little sequence diversity was found amongst
ocal WUV strains. Detailed analysis of the viral DNA
equence confirmed that KIV and WUV were closely related
enetically, but were clearly divergent from BKV and
CV (Fig. 2).

. Discussion

This is the first study examining the association of two
ewly described human polyomaviruses, KIV and WUV,
ith illness in the human respiratory tract. In our sample
f respiratory specimens collected from individuals present-
ng to a hospital emergency department for assessment or
dmission, KIV and WUV were found at a prevalence of
.6% and 4.5%, respectively. It is not possible to prove a
ausal relationship between the detection of KIV and WUV
nd respiratory disease from these findings; this will require
urther more comprehensive studies, ideally involving those
hat satisfy Koch’s postulates.

However, a number of features in the detection of these
ewly discovered viruses mean further exploration of a causal
ole in respiratory disease is warranted. KIV and WUV were
resent in respiratory secretions from patients with ARTI at
ates similar to those reported for the recently described res-
iratory viruses, human coronavirus HKU1, NL63 (Lau et
l., 2006), and HBoV (Kesebir et al., 2006). Neither of the
iruses were detected in other sample sets consisting of urine
rom a variety of sources, and blood from immunocompro-
ised children. This was contrary to observations for the

ther human polyomaviruses BKV and JCV, which are com-
only present in clinical urine samples and blood specimens,

articularly from immunocompromised patients (Rossi et al.,

007; Polo et al., 2004; Azzi et al., 1996). These results would
uggest that the biology of KIV and WUV may be similar to
ach other, but quite different from BKV and JCV.
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Fig. 2. Strain variation of KIV and WUV compared with JCV, BKV and SV40. Whole genome sequence was aligned using ClustalX. WUV strains were
o
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btained from patients in Brisbane, Australia, and St. Louis, USA.

Determining the role of KIV and WUV as human respira-
ory pathogens is confounded by the high level of co-detection
f these viruses with other respiratory agents, particularly
RV. This feature is very similar to observations reported

or HBoV where the rates of co-detection have ranged from
3.3% (Naghipour et al., 2007) to 83.7% (Fry et al., 2007),
nd, although epidemiologically the virus is associated with
neumonia, it is postulated that infection and illness of HBoV
ay be dependent on co-infection with other viruses (Fry et

l., 2007). Similarly, this may be true for infection and disease
nvolving KIV and WUV.

The clinical features associated with KIV and WUV infec-
ion in our study population were not sufficiently distinctive
o differentiate them from other respiratory viral infections in
hildren. However, the majority of these patients, including
hose in whom KIV (25.3%) or WUV (20.3%) were the only
athogen detected, were sufficiently sick to require medical

ttention, thereby representing a significant burden on the
ealth care system.

Phylogenetic analysis of KIV and WUV sequences con-
rmed that these viruses are genetically distinct. No evidence

d
g
o
t

or the existence of viral genetic subtypes was found, but these
bservations are limited by the small number of specimens
xamined in this study. Given this, it would be prudent to
erform phylogenetic analysis on a larger population of KIV
nd WUV before firm conclusions on circulating viral (sub)
ypes may be proposed. Such studies are currently proceeding
n our laboratory.

This preliminary study examines the presence of two
ewly described human polyomaviruses, KIV and WUV,
n respiratory samples from patients with ARTI. Through

ore comprehensive studies, further data will need to
e obtained before the role of these viruses as respi-
atory pathogens can be firmly established. It remains
ossible that KIV and WUV are not involved in res-
iratory disease and their presence in the respiratory
ract simply reflects their mode of transmission. Estab-
ishing the association of these viruses with a particular

isease will be challenging, but considering the onco-
enic potential of polyomaviruses in mammals, the results
f such studies may have important medical implica-
ions.



6 of Clin

A

F
F
t
H
M
L

R

A

A

A

A

B

E

F

G

K

K

L

M

N

P

R

S

S

v

v
Wolthers KC, et al. Identification of a new human coronavirus. Nat Med
8 S. Bialasiewicz et al. / Journal

cknowledgements

This study was supported by the Royal Children’s Hospital
oundation Grant I 922-034, sponsored by the “Woolworths
resh Futures” Appeal. All the necessary ethics approval for

his study was obtained from the Institute’s (Royal Children’s
ospital) Ethics Committee. We wish to thank the staff of the
icrobiology Division of the Pathology Queensland Central

aboratory.

eferences

llander T, Andreasson K, Gupta S, Bjerkner A, Bogdanovic G, Pers-
son MA, et al. Identification of a third human polyomavirus. J Virol
2007;81:4130–6.

llander T, Tammi MT, Eriksson M, Bjerkner A, Tiveljung-Lindell A,
Andersson B. Cloning of a human parvovirus by molecular screening of
respiratory tract samples. Proc Natl Acad Sci USA 2005;102:12891–6.

rden KE, McErlean P, Nissen MD, Sloots TP, Mackay IM. Frequent
detection of human rhinoviruses, paramyxoviruses, coronaviruses,
and bocavirus during acute respiratory tract infections. J Med Virol
2006;78:1232–40.

zzi A, De Santis R, Ciappi S, Leoncini F, Sterrantino G, Marino N, et
al. Human polyomaviruses DNA detection in peripheral blood leuko-
cytes from immunocompetent and immunocompromised individuals. J
Neurovirol 1996;2:411–6.

ialasiewicz S, Whiley DM, Lambert SB, Gould A, Nissen MD, Sloots
TP. Development and evaluation of real-time PCR assays for the detec-
tion of the newly identified KI and WU polyomaviruses. J Clin Virol
2007;40:9–14.

chavarria M, Forman M, Ticehurst J, Dumler JS, Charache P. PCR
method for detection of adenovirus in urine of healthy and human
immunodeficiency virus-infected individuals. J Clin Microbiol 1998;36:

3323–6.

ry AM, Lu X, Chittaganpitch M, Peret T, Fischer J, Dowell SF, et
al. Human bocavirus: a novel parvovirus epidemiologically associated
with pneumonia requiring hospitalization in Thailand. J Infect Dis
2007;195:1038–45.

W

ical Virology 41 (2008) 63–68

aynor AM, Nissen MD, Whiley DM, Mackay IM, Lambert SB, Wu G,
et al. Identification of a novel polyomavirus from patients with acute
respiratory tract infections. PLoS Pathog 2007;4:e64.

esebir D, Vazquez M, Weibel C, Shapiro ED, Ferguson D, Landry ML, et
al. Human bocavirus infection in young children in the United States:
molecular epidemiological profile and clinical characteristics of a newly
emerging respiratory virus. J Infect Dis 2006;194:1276–82.

siazek TG, et al. A novel coronavirus associated with severe acute respi-
ratory syndrome. N Engl J Med 2003;348:1953–66.

au SK, Woo PC, Yip CC, Tse H, Tsoi HW, Cheng VC, et al. Coronavirus
HKU1 and other coronavirus infections in Hong Kong. J Clin Microbiol
2006;44:2063–71.

aertzdorf J, Wang CK, Brown JB, Quinto JD, Chu M, de Graaf M, et
al. Real-time reverse transcriptase PCR assay for detection of human
metapneumoviruses from all known genetic lineages. J Clin Microbiol
2004;42:981–6.

aghipour M, Cuevas LE, Bakhshinejad T, Dove W, Hart CA. Human
bocavirus in Iranian children with acute respiratory infections. J Med
Virol 2007;79:539–43.

olo C, Perez JL, Mielnichuck A, Fedele CG, Niubo J, Tenorio A. Prevalence
and patterns of polyomavirus urinary excretion in immunocompetent
adults and children. Clin Microbiol Infect 2004;10:640–4.

ossi A, Delbue S, Mazziotti R, Valli M, Borghi E, Mancuso R, et al. Pres-
ence, quantitation and characterization of JC virus in the urine of Italian
immunocompetent subjects. J Med Virol 2007;79:408–12.

loots TP, McErlean P, Speicher DJ, Arden KE, Nissen MD, Mackay IM.
Evidence of human coronavirus HKU1 and human bocavirus in Aus-
tralian children. J Clin Virol 2006;35:99–102.

yrmis MW, Whiley DM, Thomas M, Mackay IM, Siebert DJ, Nissen
MD, et al. A sensitive, specific and cost-effective multiplex reverse-
transcriptase-PCR assay for the detection of seven common respiratory
viruses in respiratory samples. J Mol Diagn 2004;6:125–31.

an den Hoogen BG, de Jong JC, Groen J, Kuiken T, de Groot R, Fouchier
RA, et al. A newly discovered human pneumovirus isolated from young
children with respiratory tract disease. Nat Med 2001;7:719–24.

an der Hoek L, Pyrc K, Jebbink MF, Vermeulen-Oost W, Berkhout RJ,
2004;10:368–73.
oo PC, Lau SK, Chu CM, Chan KH, Tsoi HW, Huang Y, et al. Characteriza-

tion and complete genome sequence of a novel coronavirus, coronavirus
HKU1, from patients with pneumonia. J Virol 2005;79:884–95.


