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Recently, polyomaviruses KI and WU were identified in the airways of patients with acute respiratory
symptoms. The epidemiology and pathogenesis of these two viruses are not fully understood, and the
development of molecular assays, such as Real Time PCR, was useful for examining their biology and
role in different clinical syndromes. The evaluation of different target regions for the amplification of
polyomaviruses KI and WU, comparing published primer/probe sets and sets designed in the laboratory
is described and was used for testing 175 clinical specimens (84 stools and 91 tonsils). The results showed
that the laboratory designs were more sensitive for the detection of polyomaviruses KI and WU DNA in
clinical samples. The choice of the primer/probe set, and primarily of the region for amplification, may
be relevant for understanding the pathogenic role of viruses such as polyomaviruses Kl and WU.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The Polyomaviridae family is constituted by small double-
stranded DNA viruses which are widespread in the human
population with a seroprevalence of 60-80% in adults. Two poly-
omaviruses are known to infect humans, JC virus (JCV) and BK
virus (BKV), both discovered in 1971 (Gardner et al., 1971; Padgett
et al., 1971). SV40, another polyomavirus which infects naturally
the rhesus monkey, was introduced accidentally into the human
population as a contaminant during the early use of poliomyelitis
vaccines (Butel and Lednicky, 1999; Bergallo et al., 2007). Follow-
ing primary infection, which occurs usually through the respiratory
tract and is often asymptomatic, polyomaviruses can establish
latency in the urinary tract, brain, and in the B cells (Jiang et al.,
2009). Reactivation is frequent in immunocompromised patients,
such as transplant recipients, with severe consequences (Costa et
al,, 2008). Two novel polyomaviruses have been described recently
and named Karolinska Institutet virus (KIV) and Washington Uni-
versity virus (WUV) (Allander et al., 2007; Gaynor et al., 2007). KIV
and WUV have been isolated first in respiratory secretions from
human patients with acute respiratory tract symptoms and, in the
case of KIV, also in faecal samples (Allander et al., 2007; Gaynor
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et al., 2007; Babakir-Mina et al., 2008, 2009; Jiang et al., 2009).
WUV shares only 15-49% identity with BKV and JCV and is most
similar to KIV. KIV and WUV nonstructural proteins display amino
acid sequence similar to those of the other primate polyomaviruses,
while the structural proteins exhibit a very low degree of similarity
to those of other known polyomaviruses, suggesting that WUV and
KIV define a novel branch within the Polyomaviridae family with
unexplored biology and controversial clinical significance (Allander
etal.,2007; Gaynor et al.,2007; Norjaetal.,2007). The development
of molecular assays, such as Real Time PCR, for KIV and WUV detec-
tion could be useful to determine the epidemiology, pathogenesis
and pathogenic role of the two viruses in different clinical syn-
dromes. In a Real Time PCR protocol design different parameters,
such as the target region and the conditions of amplification, have
to be considered in order to obtain enhanced sensitivity and speci-
ficity. Ina high-throughput routine laboratory, the use of “in-house”
protocols requires optimization, standardization, and validation
processes, consisting in the assessment of sensitivity, specificity,
efficiency, precision and linearity. Furthermore, the choice of the
sample material, also referred to as the matrix, could have a strong
influence on the results and has to be considered in the validation
process (Dimech et al., 2004; Rabenau et al., 2007).

The aim of this study was to evaluate different target regions
for the amplification of KIV and WUV, comparing published
primer/probe sets and sets designed in the laboratory on differ-
ent clinical specimens and to optimize a quantitative assay using
the most suitable primer/probe set.
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2. Materials and methods
2.1. Clinical specimens

A total of 175 clinical specimens (84 stools and 91 tonsils pro-
vided by the Mediterranean Hematology Institute of Rome and the
Cytodiagnostic and Histopathology Unit of the Maggiore Hospital
of Trieste, respectively) were studied.

2.2. Nucleic acid extraction

Twenty-five milligrams of paraffin-embedded tonsillar tissue
were deparaffinized with xylene and ethanol 100-70% and digested
subsequently overnight at 56 °C with proteinase K. In the case of
faecal samples, 200 mg of stool were extracted. Total DNA extrac-
tion was carried out using QIAamp DNA mini kit (Qiagen, Milan,
Italy), according to the manufacturer’s specification.

2.3. Real Time PCR assay on clinical specimens

The following target regions were evaluated: for KIV, the regula-
tory region (primer/probe set KI-A), the small t antigen (KI-B), both
described previously (Bialasiewicz et al., 2007), and the VP1 gene
(laboratory designed primer/probe set KI-C); for WUV, the regu-
latory region (WU-A and WU-C), the large T antigen (WU-B), as
described previously (Bialasiewicz et al., 2007), and the VP2 gene
(laboratory designed primer/probe set WU-D)(Table 1). The lab-
oratory design of the Real Time PCR primers and TagMan probe
was performed using the Primer Express 3.0 software (Applied
Biosystems, Cheshire, UK). The reaction mixture contained 1x Mas-
ter Mix (Platinum gqPCR supermix—UDG with ROX, Invitrogen),
0.1 mM primers and 0.09 mM VIC probe for the housekeeping gene

glyceraldehyde-3-phosphate-dehydrogenase (GAPDH), as internal
control. Five microliters of DNA were added to 15 .l of the reac-
tion mix, giving a final reaction volume of 20 p.l. The amplification
profile was optimized for the 7300 Real Time PCR System (Applied
Biosystems) as follows: one cycle of decontamination at 50°C for
2 min, one cycle of denaturation at 95 °C for 10 min followed by 45
cycles of amplification at: 95°C for 15s, 60°C for 60s. The cycle
number during which the fluorescence signal is above the back-
ground (Ct) is proportional to the initial log concentration of the
target DNA.

2.4. Standard plasmid construction, optimization,
standardization, and validation of the “in-house” Real Time PCR
assays

For standard plasmid construction, primers external to KI-C
and WU-D were used (Table 1). Plasmids were obtained using the
pGEM-T-easy vector system (Promega, Italy). For Real Time PCR
quantification a standard curve was created in a 4-log range by
serial 10-fold dilutions of the KIV and WUV standard plasmids.
Quantitation was determined on the basis of spectrophotometric
analysis at 260 nm. The two laboratory designed Real Time PCR
assays KI-C and WU-D were optimized by testing different con-
centrations of the target primers and probe: 0.9/0.25, 0.5/0.15 and
0.2 mM/0.1 mM primer/probe.

The sensitivity of Real Time PCR assays was defined by the low-
est concentration of target quantified at a frequency of 100%. The
dynamic range, which is defined as the range of dilutions in which
a linear regression curve can be constructed, was evaluated using
10-fold dilutions (from 1010 to 109 copies/reaction) of KIV and
WUV plasmids. The Ct values outside the measurements comprised
within the dynamic range are not quantifiable and a Ct > 40 is con-

Table 1
Primer/probe sets for Real Time PCR.
Oligonucleotide (virus-gene) Sequence (5 — 3') Amplicon size (bp) Reference
KI-C-F (KI-C-VP1) GAGCCCACCCCTCATTACTG 61 This study
KI-C-R CTTGAACCGCTTTCCTTGTCA
KI-C-probe FAM-TCAATTAGCTCTGCCATTG-MGB
WU-D-F (WU-D-VP2) AGTCAACCCACAAGAGTGCAAA 63 This study
WU-D-R CAGCACGTCTACCCCTCCTTT
WU-D-probe FAM-CCTTCCAAAACAAGTCAG-MGB
GAPDHF (GAPDH) GCCAAAAGGGTCATCATCTC 512 This study
GAPDHR GGGGCCATCCACAGTCTTCT
GAPDH probe VIC-TGGTATCGTGGAAGGA-MGB
KI-A-F (KIV-regulatory region) ACCTGATACCGGCGGAACT 95 Bialasiewicz et al. (2007)
KI-A-R CGCAGGAAGCTGGCTCAC
KI-A-TM FAM-CCACACAATAGCTTTCACTCTTGGCGTGA-TAMRA
KI-B-F (KIV-small T antigen) GAATGCATTGGCATTCGTGA 114 Bialasiewicz et al. (2007)
KI-B-R GCTGCAATAAGTTTAGATTAGTTGGTGC
KI-B-TM FAM-TGTAGCCATGAATGCATACATCCCACTGC-TAMRA
WU-A-F (WUV-regulatory region) GGCCTACAACAGGGCTTATITG 97 Bialasiewicz et al. (2007)
WU-A-R GAACCCAAGGACGTCTCTGTTAA
WU-A-TM FAM-CTTTGTAGTCCAGCGGAAAGTGAAGGGT-TAMRA
WU-B-F (WUV-large T antigen) CTACTGTAAATTGATCTATTGCAACTCCTA 136 Bialasiewicz et al. (2007)
WU-B-R GGGCCTATAAACAGTGGTAAAACAACT
WU-B-TM FAM-CCTTTCCTCCACAAAGGTCAAGTAAA-TAMRA
WU-C-F (WUV-regulatory region) GGCACGGCGCCAACT 115 Bialasiewicz et al. (2007)
WU-C-R CCTGTTGTAGGCCTTACTTACCTGTA
WU-C-TM FAM-TGCCATACCAACACAGCTGCTGAGC-TAMRA
POLVP1-39F (KIV-VP1)? AAGGCCAAGAAG TCAAGT TC 325 Allander et al. (2007)
POLVP1-363R? ACA CTC ACT AAC TTG ATT TGG
AG0044 (WUV-VP2)? TGTTACAAATAGCTGCAGGTCAA 490 Modified from Gaynor et al. (2007)
WUVclonR? TTAAACTCTGTTTCTTCTGACAG

2 Primers for plasmid construction.
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sidered negative. The precision or intra- and inter-assay variability
(CV)was evaluated using different concentrations of standard plas-
mids (ranging from 10° to 102 copies/reaction) within a single run
(n=10) or different run experiments (n=10). The efficiency value,
defined as 10(-1/sloPe) and ranging usually from 1.7 to 2.2, was eval-
uated.

In order to ascertain the ability of detecting the target, a cycle
sequencing was performed. The PCR amplification products were
used as templates for DNA sequencing using the BigDye Termina-
tor chemistry, following the manufacturer’s instructions (BigDye
Terminator v3.1 Cycle Sequencing Kit [Applied Biosystems, War-
rington, UK]). Subsequently, the nucleotide sequence alignment
was performed using the ClustalX 2.0.10 software.

The in vitro specificity of the two laboratory designed Real Time
PCR assays was determined by testing positive samples to BKV,
JCV and SV40, and viral and microbial strains (exclusivity test-
ing), including human polyomavirus BK (ATCC VR-837), JC (ATCC
VR-1583), SV-40 (ATCC VR-820), coxsackievirus types A18 (ATCC
VR-176), A20 (ATCC VR-178), B1 (ATCC VR-28), B2 (ATCC VR-29)
and B3 (ATCC VR-30), echovirus types 1 (ATCC VR-31), 6 (ATCC VR-
36) and 9 (ATCC VR-39), enterovirus type 68 (ATCC VR-561), 69
(ATCC VR-785), 70 (ATCC VR-836) and 71 (ATCC VR-1432), human
rhinovirus 15 (ATCC VR-285) and 43 (ATCC VR-336), human parain-
fluenza viruses (PIV 1 [ATCC VR-94], PIV 2 [ATCC VR-92], PIV 3
[ATCC VR-93]), influenza viruses (influenza A virus HIN1 [ATCC
VR-95], H3N2 [ATCC VR-547], influenza B virus [ATCC VR-101]),
human respiratory syncytial virus (RSV-A [ATCC VR-26], human
adenovirus 3 (ATCC VR-3), 5 (ATCC VR-5), 7 (ATCC VR-7), 40 (ATCC
VR-931D) and 41 (ATCC VR-930D), human cytomegalovirus (ATCC
VR-538), human coronavirus types 229E (ATCC VR-740) and OC43
(ATCC VR-1558), human rotavirus (ATCC VR-2018), Streptococ-
cus pneumoniae (ATCC 6301), Streptococcus viridans (ATCC 19950),
Streptococcus oralis (ATCC 10557), Legionella pneumophila (ATCC
33152), Mycoplasma pneumoniae (ATCC 15377), Chlamydia pneu-
moniae (ATCC 53592), Clostridium difficile (ATCC 9689), Proteus
vulgaris (ATCC 6059), Proteus mirabilis (ATCC 4630), and Escherichia
coli (ATCC 4157).

The following formula was used for the quantitation of KIV-
and WUV-DNA (100 ng of sample x quantity indicated by the PCR
software)/(amplification volume x spectrophotometer reading).

2.5. Prevention of PCR contamination

Precautions must be taken to prevent contamination of the reac-
tion tubes with a product previously amplified, or target DNA from
other specimens and controls. The preparation of reagents and pro-
cessing of samples were carried out in safety cabinets located in
separate laboratories, all distant from the area where amplified
products were analyzed. Each cabinet was equipped with an inde-
pendent batch of reagents, micropipette sets, sterile reagent tubes,
and filtered pipette tips. Uracil-DNA glycosylase was used to elim-
inate PCR ‘carry-over’ contamination from previous PCRs.

3. Results
3.1. Clinical samples

A total of 84 stool samples and 91 tonsils were tested to deter-
mine the sensitivity of the Real Time PCR assays. The results are
summarized in Tables 2 and 3. Considering stool specimens, KIV
was found positive in 17/84 (20.2%), 18/84 (21.4%), and 26/84 (31%)
with KI-A, KI-B, and KI-C, respectively; while WUV was positive in
6/84 (7.1%), 6/84 (7.1%), 7/84 (8.3%), and 21/84 (25%) with WU-A,
WU-B, WU-C, and WU-D, respectively. In the case of tonsil spec-
imens, KIV was positive in none (0/91), 12/91 (13.2%), and 12/91
(13.2%) with KI-A, KI-B, and KI-C, respectively; while WUV was

Table 2
Results of the Real Time PCR assays.

N sample KI-A KI-B KI-C WU-A WU-B WU-C WU-D

Stool
1 31.9 324 28.0 N N N 340
2 33.2 34.1 29.6 321 335 327 331
3 33.0 33.6 28.5 30.9 323 31.8 319
4 28.6 28.5 283 N N N 32.6
5 28.6 28.5 294 N N N N
6 30.7 30.7 30.9 N N N N
7 26.2 26.0 271 N N N 339
8 325 322 323 N N N N
9 30.1 30.8 28.8 N N N 315
10 284 28.8 29.5 N N N 36.7
11 29.8 30.1 30.6 N N N 36.0
12 234 23.2 23.8 N N N N
13 374 N 33.8 N N N 37.1
14 33.1 33.9 31.7 313 321 31.7 321
15 35.8 36.7 28.1 N N N N
16 N 374 23.7 N N N 38.2
17 221 21.6 23.1 N N N 373
18 N 374 293 219 225 222 22,6
19 N N 26.6 29.8 315 30.3 30.8
20 N N 343 N N 37.5 36.43
21 N N 29.0 N N N 324
22 N N 284 N N N 325
23 N N 294 29.8 313 30.2 30.6
24 241 24.0 243 N N N 35.2
25 N N 30.0 N N N 31.6
26 N N 28.1 N N N 318

Tonsils
8 N 31.8 36.0 N N N 37.8
15 N 33.1 38.0 N N N N
16 N 29.7 36.7 N N N 372
19 N 33.7 36.8 N N N 36.4
25 N 354 36.0 N N N N
39 N 39.2 38.6 N N N N
59 N 345 35.2 N N N N
70 N 34.4 36.9 N N N 36.5
71 N 354 333 N N N N
77 N 38.9 39.5 N N N N
80 N 371 36.9 N N N N
93 N 35.8 36.8 N N N N

Cycle threshold (Ct) values are indicated. N = negative. Reported values of Ct repre-
sent the mean of measurements obtained in triplicate.

found in none (0/91),0/91,0/91, and 4/91 (4.4%) with WU-A, WU-B,
WU-C, and WU-D, respectively.

3.2. Optimization, standardization, and validation of the
“in-house” Real Time PCR assays

The following primer/probe concentrations were chosen:
0.5/0.15 and 0.9 mM/0.25 mM for KIV and WUV, respectively. The
dynamic range of the two laboratory designed Real Time PCRs was
evaluated by carrying out in triplicate serial dilutions of standard
plasmids (from 101 to 10° copies/reaction) and was as follows:
from 1010 to 102 for KIV (Fig. 1) and from 101° to 10! for WUV
(Fig. 2). The sensitivity of the assays was evaluated in triplicate
and resulted 102 and 10! for KIV and WUV, respectively. The pre-
cision, defined as the level of concordance of the individual test
results within a single round (intra-assay variability) and in dif-
ferent experiments (inter-assay variability), was evaluated using
different concentrations of plasmid standards, ranging from 10°
to 102 copies/reaction, and is reported in Table 4. The efficiency
value was 2.06 and 1.92 for KIV and WUV, respectively. Indi-
vidual assays were compared to the respective performances in
duplex (with GAPDH) and no differences, in terms of Ct, were
recorded.

The sensitivity of assay was determined by the lowest standard
dilution detectable consistently in triplicate at a frequency of 100%
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4 (4.4%)

Negative
samples (%)
77(91.7%)
91(100%)

WU-C
Positive
samples (%)
7 (8.3%)
0(0%)
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0(0%)

samples (%)
78(92.9%)

91(100%)

Negative

WU-A
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samples (%)
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12 (13.2%)

Negative
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66(78.6%)
79(86.8%)

Positive
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18(21.4%)
12 (13.2%)

KI-B

Negative
samples (%)
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91(100%)
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samples (%)
17 (20.2%)
0(0%)
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Prevalence of KIV and WUV by the different PCR assays evaluated in this study.

Table 3
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Table 4
Intra- and inter-assay variability of KIV and WUV standard curve by Real Time PCR.

Standard dilution (plasmid Coefficient of variability (%)
copies/reaction)

Intra-assay (%) Inter-assay (%)

KIV Wuv KIV Wuv

10? 0.83 0.18 1.68 3.29
10° 0.35 0.93 0.83 0.62
10* 0.14 0.70 1.94 0.80
10° 1.48 0.68 242 153

and it was found to be of 102 and 10! copies/reaction for KIV and
WUV, respectively.

The cycle sequencing showed that the two PCR assays have
a complete homology with all the eight KIV isolates and 12/14
WUV isolates described to date (www.ncbi.nlm.nih.gov web site
search performed on March 31, 2009), as forward primer for
WUV recognized 95% of the sequence of WU/Wuerzburg/01/06 and
WU/Wuerzburg 03/07 (GenBank accession nos. EU711055.1 and
EU711058.1), due to the presence of a puntiform mutation at the
nucleotide 1739. No significant homology to any other sequence
was found. No positive result was demonstrated for the other viral
and microbial strains indicating that these molecular assays are
specific for KIV and WUV.

Primers and probes were tested in silico for possible cross-
reactivity with human sequences, unrelated viral and other
microbial sequences based on the data available at the BLAST align-
ment software (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

Viral load was determined, based on standard curve from the
two laboratory designed Real Time PCRs, and resulted as follows:
for the faecal samples the average load was 3508 genome equiv-
alents/100 ng of extracted DNA (median 785) and 10733 (median
90) for KIV and WUV, respectively; viral load quantification in ton-
sil specimens was not possible due to Ct values behind linearity
range (i.e. Ct values corresponding to 102 and 10! copies/reaction
for KIV and WUV, respectively).

4. Discussion

Currently, the presence of the new polyomaviruses KI and WU
has not been investigated extensively (Allander et al., 2007; Gaynor
et al,, 2007; Norja et al., 2007; Payungporn et al., 2008; Jiang et al.,
2009; Lindau et al., 2009), thus the availability of optimized and
clinically validated Real Time PCR assays could be useful for inves-
tigating the epidemiological and clinical impact of these viruses, as
well as their tissue tropism.

Real Time PCR assays are described as ‘closed’ systems, since no
post-amplification manipulation of the amplicon is required. The
advantages of these systems, in comparison to conventional PCR,
include a reduced turnaround time, minimising of the potential for
carry-over contamination and the ability to scrutinise closely the
assay performance, thus representing a suitable tool for routine
diagnosis in virology. Real Time PCR offers significant improve-
ments to viral load quantitation because of its wide dynamic range
which can accommodate at least eight log 10 copies of nucleic acid
template. This is made possible because the data are chosen from
the linear phase of amplification where conditions are optimal,
rather than the end-point where the final amount of amplicon
may have been affected by inhibitors, poorly optimized reaction
conditions or saturation by inhibitory PCR by-products and double-
stranded amplicon. In regards to Real Time PCR, the design of
primer/probe sets, although relatively simple from a computational
point of view, has to take into account several factors, especially the
choice of target region.

In this study, the assessment of two laboratory designed Real
Time PCR TagMan assays for the detection of polyomaviruses KI

(N=91)
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Fig. 1. KIV (KI-C) dynamic range, from 10'° to 102 copies/reaction (y=—3.5x+39.1; R2=0.99).

and WU, targeting the VP1 and VP2 genes, respectively, is described.
These methods have been compared to those described previously
(Bialasiewicz et al., 2007) and targeting different regions, in the
light of the potential impact of its choice on the detection of KIV-
and WUV-DNA, and the interpretation of prevalence results in dif-
ferent clinical syndromes.

Considering the detection rates of KIV and WUV in clinical sam-
ples using the different assays, the primer/probe sets designed in
this study appeared more sensitive in comparison to those pub-
lished. This could be attributed to the choice of the target region.
Among the 26 faecal specimens positive by the KI-C assay, only
17/26 (65.4%) and 18/26 (69.2%) were positive by KI-A and KI-
B, respectively; while, of the 12 tonsil samples positive with the
KI-C, all were positive by KI-B and none by KI-A. However, KI-B
exhibited lower Ct values in comparison to KI-C. Despite that, in a
high-throughput diagnostic laboratory is essential to enhance an
assay to make it suitable for use on a wide range of matrices. In
this regard, KI-C seems to be more reliable for the detection of KIV
in the two matrices analyzed. Considering the WU-D assay, this
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appeared to be superior to the other assays as additional stool and
tonsil specimens were found to be positive.

As the epidemiological and clinical impact of these new viruses
is still elusive, the availability of highly sensitive and specific
methods is mandatory to obtain reliable and relevant data. The
assessment of a PCR assay for virus detection is based on knowl-
edge of a representative number of genome sequences to allow
for primer/probe set design. At present, the complete genome
sequence of only eight and 14 clinical isolates for KIV and WUV,
respectively, is known; while a larger number of partial gene
sequences have been characterized. The assays developed in this
study show complete sequence homology with all the KIV and 12
WUV isolates; this is due to the presence of a puntiform muta-
tion in the target region VP2. The choice of this region, instead of
the large T used commonly for human polyomaviruses, was con-
sidered unavoidable in a diagnostic laboratory working on BKV
and JCV. Therefore, the comparison of methods targeting different
genome regions can represent a useful tool and avoid false-negative
findings.
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Copy number

Fig. 2. WUV (WU-D) dynamic range, from 10'° to 10 copies/reaction (y = —3.4x +40.6; R? =0.99).
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The optimization of the two laboratory designed Real Time PCRs
allowed the identification of amplification conditions which are
more suitable in terms of primer/probe concentrations, efficiency,
linearity, sensitivity, specificity, and precision.

5. Conclusions

In conclusion, the development of two laboratory designed
Real Time PCR TagMan assays for quantitative detection of poly-
omaviruses KI and WU and the optimization and standardization
of these assays using different clinical samples (in particular stool
and tonsils) are described. Among the various parameters that have
to be considered in the development of a Real Time PCR assay,
the choice of the primer/probe set, and primarily of the region to
amplify, could represent a useful tool to understand the pathogenic
role of viruses such as KIV and WUV.
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