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Introduction: Polyomaviruses have both structural and functional similarities with
papillomaviruses. Accordingly, their role in human papillomavirus (HPV) associated
malignancies has been studied with conflicting results. Our goal was to disclose any
association between BK (BKPyV) and/or JC (JCPyV) polyomavirus serology and HPV
data derived from Finnish women (327) in a 6-year prospective follow-up.

Methods: Glutathione S-transferase fusion-protein-capture (ELISA) in
combination with fluorescent bead technology was used to analyze antibodies
to BKPyV and JCPyV. In the longitudinal setting, BKPyV or JCPyV serostatus was
related to i) oral- and ii) genital low (LR)- and high risk (HR) HPV DNA detection,
iii) HPV16 persistence at both these sites, iv) results of the Pap (Papanicolaou)
smear taken at baseline, and v) development of incident CIN (cervical
intraepithelial neoplasia) during the follow-up.

Results: Being BKPyV or JCPyV seropositive was not significantly associated with
HPV seropositivity to either LR- or HR-genotypes, genital- or oral HPV DNA
positivity, persistence of genital- or oral HPV16 infection, grade of Pap smear, or
development of incident CIN.

Discussion: Thus, the present study could not provide any confirmation to the
concept that co-infections by HPyV and HPV have interactions that impact on
the clinical manifestations or outcomes of HPV infections either in the genital
tract or in the oral mucosa.
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1 Introduction

Human polyomaviruses (HPyV) and human papillomaviruses
(HPV) are closely related viruses with remarkable structural and
functional similarities. HPyVs are non-enveloped DNA viruses with
circular double-stranded genome varying from 5100 to 5400 base
pairs (Walker et al., 2019). Currently HPyV family comprises 13
members of which the best known are BK polyomavirus (BKPyV)
(Gardner et al,, 1971) and JC polyomavirus (JCPyV) (Padgett et al.,
1971). Polyomavirus carriage can persist for lifetime, mostly as
subclinical infections.

Also HPVs are small, non-enveloped double-stranded DNA
viruses of which currently more than 200 genotypes have been
identified. Based on their different risk to induce precancer lesions
and cancers, HPV genotypes are further categorized as low- (LR) or
high-risk (HR) HPV genotypes (Vats et al., 2021). Both HPyVs and
HR-HPVs are oncogenic viruses provided with oncoproteins, large
T-antigen and E6 and E7, respectively. These viruses do interfere
with the functions of p53 and pRb (Guidry and Scott, 2017; Vats
et al., 2021).

It has been suggested that during their simultaneous infection
(either at same location or different), polyomaviruses could
potentiate the transforming properties of HPVs (Guidry and
Scott, 2017). However, recent in vitro studies on the mutual
interactions between polyoma- and papillomaviruses are scanty.
However, some clues on the possible interaction between these two
viruses are provided by i) the older in vitro studies on SV-40
performed with HPV-positive cell lines, e.g. HeLa (HPV18-positive)
and Caski (HPV16-positive) or ii) Cos-1 cell line, the latter
containing one copy of SV40. Of particular interest is the study
by Wildeman and coworkers (1989) on large T-antigen, which is
required to start viral replication (Wildeman, 1989). The authors
showed that in HeLa cells, large T-antigen trans-activated the SV40
early promoter as well as the late promoter on replication-defective
templates. Trans-activation was also seen, when a large T-antigen,
unable to be transported to the nucleus was used, and it was still
able to transform cells. This simultaneous trans-activation of early
and late promoters was not found in mouse embryonal carcinoma
cells (Wildeman, 1989).

Until now, the simultaneous presence of both BKPyV or JCPyV
and HPV has been analyzed in genital, colorectal, head and neck, or
lung lesions (Giuliani et al., 2007; Giuliani et al., 2008; Comar, 2011;
Fraase et al., 2012; Alosaimi et al., 2014; Polz-Gruszka et al., 2015;
Poluschkin et al., 2018). The results of these studies have been
conflicting, and no firm conclusions can be drawn on the suggested
co-operation between polyoma- and papillomaviruses in human.

The Finnish Family HPV Study has been ongoing since 1998 in
Turku University, Finland, focusing on HPV dynamics related to
oral and genital infection and immunology in a longitudinal study
setting within regular Finnish families (Rintala et al., 2005; Rintala
etal,, 2006; Syrjianen et al., 2009). In the original setting, 327 women
(mean age 25.5 + 3.4 years), pregnant at their baseline visit, and 131
of their spouses (mean age 28.8 + 5.0 years), as well as 331 newborns
were enrolled in the cohort and followed up for 72 months. A
detailed medical history and sexual practices were recorded, in
addition to extensive serial sampling samples (sera, saliva, placenta,
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breast milk, and semen). This cohort offers an ideal setting to study
the impact of HPyV on HPV infection and its outcome, if any
(Rintala et al., 2005; Rintala et al., 2006; Syrjinen et al., 2009).

In the present study, we analyzed the association between
BKPyV and/or JCPyV serostatus (positive/negative) and several
key HPV-related covariates in women participants from the
longitudinal Finnish Family HPV Study. These HPV-covariates of
interest include HPV serology and DNA status for both LR- and
HR-HPV types, persistence of HPV16 infection in oral- and genital
mucosa, Pap smear abnormalities, and incident CIN during the six-
year follow-up.

2 Materials and methods
2.1 Participants

In total, 327 of the 329 women enrolled originally to the Finnish
Family HPV Study, were eligible in this study. The participants were
pregnant in their third trimester when enrolled at the Maternity
Unit of the Turku University Hospital, Turku, Finland (Rintala
et al,, 2005). The participants filled in a standardized questionnaire
providing information on the demographics as previously
summarized (Rintala et al., 2005). Mean age of the participants
was 25.5 years (range, 18-38 years). None of the participants have
been vaccinated to HPV because the study cohort was recruited
before the era of HPV vaccination. The study was approved by the
Research Ethics Committee of Turku University Hospital (#3/1998,
with amendments 45/1801/2018).

2.2 Serology

2.2.1 Blood samples

Blood samples from these mothers were collected at baseline
(n=327) and at 12(n=278)-, 24(n=220)-, and 36(n=261) months -
visits as described earlier (Syrjanen et al., 2009). The samples were
centrifuged at 1150 g for 10 min (Sorvall GLC-2; DuPont
Instrument). Each serum sample was immediately divided into
three 1 ml aliquots and stored first at -20°C for no longer than
one week and then at -70°C until shipped on dry ice to DKFZ,
Heidelberg, Germany, for serological analysis.

2.2.2 Pap smear

A routine Pap (Papanicolaou) smear was taken at the baseline visit
and at 12-month, 24-month, 36-month, and 6-year follow-up visits
with the conventional 3-sample technique with wooden spatulas and a
brush (Cytobrush, MedScand, Sweden) as described earlier (Louvanto
et al., 2010; Louvanto et al., 2011). The slide was fixed with a
preservative (Spray-Cyte; Becton Dickinson and Company, Sparks,
Md.). For classification, the Bethesda System (TBS) was used.

2.2.3 Brush samples from genital and oral
mucosa for HPV testing

Scrapings for HPV DNA testing were taken from the cervical
and oral mucosa by using a brush (Cytobrush®, MedScan, Malmsé,
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Sweden) as described earlier (Louvanto et al., 2010; Louvanto et al.,
2011; Rautava et al., 2012). Oral brush samples were placed in a tube
containing 80% ethanol, while the media for the cervical brush
samples was 0.05 M phosphate-buffered saline (PBS) supplemented
with 100 pg of gentamicin. The samples were immediately frozen
(-20°C) and then stored at —70°C. The cervical scrapings for HPV
testing were obtained at baseline and at the 2-month, 12-month, 24-
month, 36-month, and 6-year follow-up visits. Oral scrapings were
taken at similar intervals with an additional sampling at 2-
month visit.

2.2.4 Analysis of BKPyV and JCPyV serology

The samples were analysed for antibodies to VP1 of BKPyV and
JCPyV. The antibody-detection method was based on glutathione
S-transferase fusion-protein (GST)-capture ELISA (Sehr et al.,
2001) in combination with fluorescent bead technology
(Waterboer et al,, 2005). The method for BKPyV and JCPyV
serology has been described in more detailed previously
(Antonsson et al., 2010; Gossai et al.,, 2016). Sera were scored as
positive when the antigen-specific MFI values were 400 MFI or for
VP1 antigen of BKPyV and JCPyV. The selection of these cut-oft
values is described more detailed in reference 23 (Gossai et al.,
2016). We also selected another, highly stringent cut-oft levels of
5000 MFI for BKPyV and 2000 for JCPyV (Michael et al., 2008).
Our speculation was that these high antibody levels could be sign of
an ongoing viral replication of BKPyV or JCPyV. In the present
study we used only the baseline BKPyV and JCPyV serology data of
the pregnant women.

2.2.5 Analysis of HPV serology

The samples were analyzed for antibodies to the major capsid
protein L1 of LR-HPV types 6, 11 and HR-HPV types 16, 18, and 45
by multiplex HPV serology based also on glutathione S-transferase
fusion-protein capture on fluorescent beads (Waterboer et al., 2005;
Waterboer et al., 2006). Sera were scored as HPV-positive when the
antigen-specific MFI values were greater than the cut-off level of 200
MFI for L1 antigen of individual HPV types as described earlier
(Syrjanen et al., 2009). Similarly, only the first visit (baseline) HPV
serology data was included in this analysis.

2.2.6 HPV testing

HPV DNA was extracted from the oral and genital brush
samples with the high salt method as described previously (Miller
et al., 1988). HPV-testing for the presence of any HR-HPVs was
performed using nested PCR using MY09/MY11 as external and
GP05+/GP06+ as internal primers. HPV genotyping was performed
with a Multimetrix kit® (Multimetrix, Progen Biotechnik GmbH,
Heidelberg, Germany) which detects 24 LR- and HR-HPV-
genotypes as follows: LR-HPV®6, 11, 42, 43, 44, and 70; and HR-
HPV1e, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73,
and 82 as described earlier (Schmitt et al., 2006; Louvanto et al.,
2010; Rautava et al., 2012).
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2.2.7 HPV16 persistence

All HPV16 DNA positive samples (at any visit) were first
identified as described earlier (Rautava et al,, 2012; Louvanto
et al., 2014). Among the HPV16-positive cases, persistence was
recorded when HPV16 DNA was detectable at consequent follow-
up samples for a minimum of 24 months (Louvanto et al., 2014).
The HPV16 non-persistence category includes cases where HPV16
infection did not persist for 24 months, or cleared without any
persistence during the follow-up.

2.2.8 Incident cervical intraepithelial neoplasia
Following two cervical smears taken at 6-12 month intervals
containing abnormal atypical squamous cells of undetermined
significance or worse (ASCUS+), women were referred for
colposcopy and biopsies to confirm the cytological findings as
described earlier (Louvanto et al., 2011). All biopsies were fixed in
formalin, embedded in paraffin and processed for hematoxylin and
eosin-stained sections following routine procedures. The slides were
re-evaluated to confirm the diagnosis of CIN (Louvanto et al., 2011).

2.3 Statistical analysis

All statistical analyses were run by using the SPSS for Windows
(version 28.0.1.1; SPSS, Inc.) software package. Conventional 2x2
tables were used to analyze categorical variables, tested using the
likelihood-ratio test or Fisher’s exact. Differences in the means of
continuous variables were analyzed by ANOVA or Mann-
Whitney/Kruskal-Wallis test for two and multiple independent
samples, respectively. Univariate logistic regression was used to
calculate odds ratio (OR) and 95% confidence intervals (CI)
between two binary variables. All statistical tests performed were
two-sided and declared to be significant when p<0.05.

3 Results

The median and mean IgG-antibody levels of BKPyV in serum
of 327 pregnant women were 8640 MFI with a range from 72 to
20773 MFI and 8497 + 416 MFI, respectively. The corresponding
IgG-antibody levels of JCPyV were lower, median being 765 MFI
with a range from 0 to 15007 MFI and mean + SD 2340 + 2901MFL
The mean IgG antibody levels of BKPyV were nearly four-fold
higher than those of JCPyV. Also the standard deviation for BKPyV
IgG antibodies is nearly seven times lower than that for JCPyV.

Table 1 shows the associations between BKPyV/JCPyV serology at
the baseline visit, stratified by HPV serology, HPV DNA positivity
(both, baseline) and HPV16 persistence in genital and oral mucosa,
Pap smear results, and incident CIN found during the six years follow-
up. The HPV specific results of The Finnish Family HPV Study have
been published earlier. Thus, the original reference with regard to the
HPV data is given in the respected subtitle of the Table 1.
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TABLE 1 BKPyV (MFI 400) and JCPyV (MFI 400) serostatus stratified by key HPV-related variables.

HPV-related variables BKPyV + BKPyV- p-value JCPyV+ JCPyV- p-value
HPV SerostatusA ref (Syrjanen et al., 2009)
LR-HPV+ 86(93.5%) 6(6.5%) 59(64.1%) 33(35.9%)
HR-HPV+ 36(97.3%) 1(2.7%) 25(67.6%) 12(32.4%)

0.875 0.223
LR+/HR+ 86(95.6%) 4(4.4%) 53(58.9%) 37(41.1%)
*HPV- 102(94.4%) 6(5.6%) 56(51.9%) 52(48.1%)
Genital DNA status (baseline)A ref (Louvanto et al., 2010)
HR-HPV+ 223(95.7%) 10(4.3%) 137(58.8%) 96(41.2%)
LR-HPV+ 20(90.9%) 2(9.1%) 0.338 10(45.5%) 12(54.5%) 0.280
**HPV- 49(94.2%) 3(5.8%) 34(65.4%) 18(34.6.)
Oral DNA status (baseline)A ref (Rautava et al, 2012)
HR-HPV+ 144(94.1%) 9(5.9%) 87(56.9%) 66(43.1%)
LR-HPV+ 17(100%) 0(0.0%) 0.846 11(64.7%) 6(35.3%) 0.727
**HPV- 149(94.9%) 8(5.1%) 95(60.5%) 62(39.5%)
Genital HPV16 persistence Aref (Louvanto et al, 2010)
Yes 82(96.5%) 3(3.5%) 50(58.8%) 35(41.2%)

1.000 1.000
No 70(95.9%) 3(4.1%) 43(58.9%) 30(41.1%)
Oral HPV16 persistence Aref (Rautava et al, 2012)
Yes 55(90.2%) 6(9.8%) 36(59.0%) 25(41.0%)

0272 0.467
No 58(96.7%) 2(3.3%) 31(51.7%) 29(48.3%)
Baseline Pap (TBS)Aref (Louvanto et al., 2011)
Normal 275(94.8%) 15(5.2%) 171(59.0%) 119(41.0%)
ASC-US 25(100%) 0(0.0%) 0.094 15(60.0%) 10(40.0%) 1.000
Low SIL 8(80.0%) 2(20.0%) 6(60.0%) 4(40.0%)
Incident CINA ref (Louvanto et al., 2011)
Yes 11(91.7%) 1(8.3%) 8(66.7%) 4(33.3%)

0.479 0.767
No 299(94.9%) 16(5.1%) 185(58.7%) 130(41.3%)

BKPyV +, BK polyomavirus positive; BKPyV-, BK polyomavirus negative; JCPyV+, JC polyomavirus positive; JCPyV-, JC polyomavirus negative; HR-HPV+, high-risk human papillomavirus
(HPV) positive; LR-HPV+, low-risk HPV positive; *HPV-, always seronegative to both LR- and HR-HPV; **HPV-, HPV DNA-negative; TBS, the Bethesda System; ASC-US, atypical squamous
cells of undetermined significance; SIL, squamous intraepithelial lesion; CIN, cervical intraepithelial neoplasia.

The original HPV data is given as the reference to the respective subtitle (Aref).

3.1 BKPyV and JCPyV serology versus
HPV serology

Of the HR-HPV seropositive women (IgG-antibodies to
HPV16, 18, and/or 45 L1), 97.3% and 67.6% were also BKPyV-
and JCPyV seropositive (MFI 400). The BKPyV and JCPyV
seroprevalence (MFI 400) was practically identical among LR-
HPV seropositive women (IgG-antibodies to HPV6 and/or
HPV11 L1), 93.5% and 64.1%, respectively. Next we used the very
stringent MFI values for BKPyV seropositivity (MFI 5000) and for
JCPyV (MFI 2000) Table 2. This resulted in lower rates of
seropositivity to both viruses, as expected, but no statistically
significant association with HPV serology could be seen.
However, p-value declined between BKPyV and HPV serology
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(from 0.875 to 0.442) while no changes were found between
JCPyV and HPV serology (Table 2).

3.2 BKPyV and JCPyV serology versus HPV
DNA status

BKPyV and/or JCPyV serostatus was stratified by HR- and LR-
HPV DNA status (at baseline) as well as HPV16 persistence in
genital or oral mucosa (Tables 1, 2). Nearly all BKPyV seropositive
women carried HR- or LR-HPV DNA both in the genital (95.7%
and 90.9%, respectively) and oral mucosa (94.1% and 100.0%,
respectively) (Table 1). HR- or LR-HPV DNA positivity in the
genital (58.8% and 45.5%, respectively) or oral mucosa (56.9% and
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TABLE 2 BKPyV (MFI 5000) and JCPyV (MFI 2000) serostatus stratified by key HPV-related variables.

HPV-related variables BKPyV + BKPyV- p-value JCPyV+ JCPyV- p-value
HPV SerostatusA ref (Syrjanen et al., 2009)
LR-HPV+ 60(65.2%) 32(34.8%) 36(39.1%) 56(60.9%)
HR-HPV+ 25(67.6%) 12(32.4%) 18(48.6%) 19(51.4%)

0.441 0.237
LR+/HR+ 25(64.4%) 32(35.6%) 34(37.8%) 56(62.2%)
*HPV- 80(74.1%) 28(25.9%) 33(30.6%) 75(69.4%)
Genital DNA status (baseline)A ref (Louvanto et al., 2010)
HR-HPV+ 162(69.5%) 71(30.5%) 90(38.6%) 143(61.4%)
LR-HPV+ 14(63.6%) 8(36.4%) 0.819 7(31.8%) 15(68.2%) 0.391
**HPV- 37(71.2%) 15(28.8%) 15(28.8%) 37(71.2%)
Oral DNA status (baseline)A ref (Rautava et al, 2012)
HR-HPV+ 107(69.9%) 46(30.1%) 55(35.9%) 98(64.1%)
LR-HPV+ 13(76.5%) 4(23.5%) 0.553 6(35.3%) 11(64.7%) 0.912
HPV- 103(65.6%) 54(34.4%) 60(38.2%) 97(61.8%)
Genital HPV16 persistence Aref (Louvanto et al, 2010)
Yes 56(65.9%) 29(34.1%) 30(35.3%) 55(64.7%)

0.497 0.742
No 52(71.2%) 21(28.8%) 28(38.4%) 45(61.6%)
Oral HPV16 persistence Aref (Rautava et al, 2012)
Yes 39(63.9%) 22(36.1%) 26(42.6%) 35(57.4%)

0.237 0.187
No 45(75.0%) 15(25.0%) 18(30.0%) 42(70.0%)
Baseline Pap (TBS)Aref (Louvanto et al., 2011)
Normal 200(69.0%) 90(31.0%) 107(36.9%) 183(63.1%)
ASC-US 17(68.0%) 8(32.0%) 0.484 8(32.0%) 17(68.0%) 0.617
Low SIL 5(50.0%) 5(50.0%) 5(50.0%) 5(50.0%)
Incident CINA ref (Louvanto et al., 2011)
Yes 6(50.0%) 6(50.0%) 6(50.0%) 6(50.0%)

0.208 0.371
No 217(68.9%) 98(31.1%) 115(36.5%) 200(63.5%)

BKPyV +, BK polyomavirus positive; BKPyV-, BK polyomavirus negative; JCPyV+, JC polyomavirus positive; JCPyV-, JC polyomavirus negative; HR-HPV+, high-risk human papillomavirus
(HPV) positive; LR-HPV+, low-risk HPV positive; *HPV-, always seronegative to both LR- and HR-HPV; **HPV-, HPV DNA-negative; TBS, the Bethesda System; ASC-US, atypical squamous
cells of undetermined significance; SIL, squamous intraepithelial lesion; CIN, cervical intraepithelial neoplasia.

The original HPV data is given as the reference to the respective subtitle (Aref).

64.7%, respectively) was less prevalent among JCPyV seropositive
women (Table 1).

No statistically significant differences in BKPyV seroprevalence
were observed among women with and without persistent genital- or
oral HPV16-infection, and the same was true with JCPyV serostatus
as well. No statistically significant differences between BKPyV and
JCPyV serology and HPV DNA data were found even the stringent
cut-off for BKPyV and JCPyV seropositivity was used (Table 2).

3.3 BKPyV and JCPyV serology versus
cervical cytology and CIN

Of the 327 women, 35 had cytological abnormalities (ASC-US, and
SIL) in their Pap smear taken at the entry to the study when pregnant.

Frontiers in Cellular and Infection Microbiology

ASC-US and low SIL was detected in 33 and 21 BKPyV- and JCPyV-
seropositive women, respectively. However, as nearly all women with
normal cytology were also seropositive to BKPyV (95%) and 59% were
JCPyV seropositive, the differences did not reach statistical significance
(p=0.094). During the follow-up, 12 women developed an incident
CIN. Similarly as found with cytology most of these women were
seropositive to BKPyV and 58.7% were JCPyV seropositive (Table 1).
Table 2 shows that when using the stringent cut-ofts for BKPyV and
JCPyV seropositivity the number of women with abnormal cytology
declined from 33 to 22 in the BKPyV seropositive group and from 21 to
8 in JCPyV seropositive women. Neither the incident CIN could be
associated with BKPyV and JCPyV seropositivity.

In assessing the risk estimates (OR) of being BKPyV or JCPyV
seropositive, none of the HPV-related covariates proved to be
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significant predictors (Table 3). In the other way round, baseline
BKPyV- and/or JCPyV seropositivity does not seem to be
significantly associated with HPV DNA detection, HPV16
persistence, Pap smear abnormalities or progression to incident
CIN during a long-term prospective follow-up.

4 Discussion

Papillomaviruses were originally grouped in the family
Papovaviridae, but since 2002, papillomaviruses were designated
as a distinct family, Papillomaviridae, in the 7th Report of the ICTV
(van Regenmortel et al., 2000). Because the genome organization
and viral structure of HPyV and HPV are very similar, it could be
anticipated to discover some clinical associations between these
polyomaviruses and HPV, because both viruses can infect head and
neck region and genital tract.

Simultaneous presence of both BKPyV or JCPyV and HPV has
been analyzed in genital, colorectal, head and neck, lung, and prostate
lesions (Martini et al., 2004; Balis et al., 2007; Giuliani et al., 2007;
Giuliani et al., 2008; Comar, 2011; Fraase et al., 2012; Alosaimi et al.,
2014; Polz-Gruszka et al., 2015; Poluschkin et al., 2018). Accordingly,
BKPyV has been detected in HPV-positive and -negative cervical
swabs and in precancerous lesions of the cervix (Comar, 2011; Fraase
et al, 2012). BKPyV has also been found in HPV16-positive high-
grade squamous intraepithelial neoplasia (CIN) lesions but not in
low-grade CIN or normal cervical epithelium. Furthermore, BKPyV
DNA copy number was higher in high-grade CIN suggesting that the
presence of HPV could increase the BKPyV replication (Comar,
2011). In the present study, we analyzed the association between
BKPyV and HPV using also high stringency cut-off (increase from
400 MFI to 5000 MFI) for BKPyV seropositivity to identify the
women with possible BKPyV replication. Not even by this, we could
not find any association between cervical cytology or CIN and
BKPyV seropositivity. JCPyV has been detected both in low and
high-grade CINs, but these infections could not be associated with
HR-HPVs (Comar, 2011; Alosaimi et al., 2014).

10.3389/fcimb.2023.1190019

Contrary to our findings in the uterine cervix, JCPyV might be more
common in head and neck carcinomas than BKPyV (Poluschkin et al,,
2018). JCPyV DNA was found in 86% of the HPV-positive tumors as
compared to 14% of the HPV-negative lesions (Poluschkin et al., 2018).
The same group identified only one BKPyV positive oral carcinoma (1/
29), while none of the oropharyngeal carcinomas tested BKPyV DNA-
positive by PCR (Poluschkin et al,, 2018). Contradictory to that, Polz-
Gruszka and coworkers reported HPV and BKPyV co-infection in 5% of
62 oropharyngeal carcinomas (Polz-Gruszka et al., 2015).

In the absence of longitudinal studies on this topic, our results are
of particular interest. In this setting among healthy women, it was
shown that being BKPyV and/or JCPyV seropositive was not
associated with any of the HPV-related variables, including HPV-
seropositivity to LR- or HR-HPVs, LR- or HR-HPV DNA detection,
HPV16 persistence in the oral or genital mucosa, Pap smear
abnormalities or incident CIN in the biopsy samples. When stratified
by these HPV-related covariates, in practically all categories, over 90%
of the women were BKPyV seropositive while seropositivity to JCPyV
ranged from 52% to 68%, with no significant differences between strata.

It is known that HPyVs, especially BKPyV and JCPyV are
ubiquitous in populations. In healthy adult population, BKPyV
seroprevalence is around 90% while that of JCPyV is lower, around
50-70% (Hirsch and Steiger, 2003; Kean et al., 2009; Antonsson et al.,
2010). In our previous study, seroprevalence in the present cohort of
pregnant women was 94% for BKPyV and between 59%-68% for
JCPyV (Laine et al,, 2023). Also the mean IgG serum levels of BKPyV
and JCPyV were high, but nearly 4-fold higher for BKPyV than for
and JCPyV. Thus, the higher BKPyV seroprevalence (>90%) and
lower seroprevalence of JCPyV (52% to 68%) in the present cohort is
in line with the published data on healthy adult populations. At
baseline, 53%, 21%, 35%, 21%, and 9% of these women were
seropositive for HPV 6, 11, 16, 18, and 45, respectively (Syrjinen
etal, 2009). Given that seropositivity to LR-HPV was more prevalent,
one would expect some differences in HPyV seroprevalence when the
cohort was stratified by LR-HPV and HR-HPV. However, this was
not the case while no differences between LR-HPV+ and HR-HPV+
were found in their associations with HPyV seroprevalence. This

TABLE 3 Association between BKPyV and JCPyV seropositivity with HPV serostatus and longitudinal HPV16 persistence.

BKPyV seropositivity
HPV variable
Seropositivity to low risk HPV
Seropositivity to high risk HPV
Persistent genital HPV16 infection
Persistent oral HPV16 infection
JCPyV seropositivity

HPV variable

Seropositivity to low risk HPV

Yes p-value

OR (95% Cl)

0.872 (0.324-2.352)

1.557 (0.535-4.531) 0.457
0.835 (0.285-2.443) 0.778
0.316 (0.061-1.633) 0.272

Yes
OR (95% Cl)

1.264 (0.811-1.970)

Seropositivity to high risk HPV
Persistent genital HPV16 infection

Persistent oral HPV16 infection
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1.177 (0.747-1.853) 0.492
0.989 (0.599-1.634) 1.000
1.347 (0.656-2.764) 0.467
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precludes any definite conclusions on the mutual interactions
between these two viruses (HPV and HPyV).

Some previous studies have focused on etiological association
between HPyVs and HPV in cancer patients. However, the results are
mostly in line with those observed in the present study, showing no
associations between these two virus groups even in cancer patients.
Martinez-Fierro and coworkers analyzed the presence of DNA of
BKPyV, JCPyV, and HPV in 130 subjects: 55 prostate cancer patients
and 75 controls. HPV sequences were detected in 11 (20%) of the
cases and 4 (5%) controls. BKPyV, JCPyV, and SV40 sequences were
not detected in any of the samples examined (Martinez-Fierro et al.,
2010). Llewellyn and coworkers analyzed 689 fresh-frozen urothelial
bladder carcinoma samples to detect HPV16 and HPV18 in addition
to BKPyV/JCPyV using qPCR. Only one sample was positive for
HPV16, while polyomaviruses were detected in 49 samples (Llewellyn
et al,, 2018). Giuliani and coworkers analyzed fresh tumor samples
from 78 lung cancer patients for the presence of SV40, BKPyV,
JCPyV, HCMV, and HPV sequences using PCR (Giuliani et al,
2007). Of these samples 10 were HPV-positive, while BKPyV and
JCPyV were found only in one sample each.

In the present study, 90% and 59% of the women with persistent
genital HPV16 were BKPyV and JCPyV seropositive, respectively.
However, the distribution of BKPyV and JCPyV seroprevalence was
similar in HPV16-infected women, who had cleared their HPV
infection. In addition, no association was found between Pap smear
abnormalities or incident CIN and BKPyV and/or JCPyV serostatus.
Interestingly, Castellsague et al. showed that seropositivity to
cutaneous HPV L1 or seropositivity to four polyomaviruses
(including JCPyV) did not associate with CIN/CIS or cervical
cancer (Castellsague et al, 2014). In contrast, BKPyV has been
detected in HPV-positive and -negative cervical swabs as well as in
precancerous lesions of the cervix (Comar, 2011; Fraase et al., 2012).
Similarly, Comar et al. showed BKPyV in CIN lesions together with
HPV16 but not in low-grade CIN or normal cervical epithelium.
Furthermore, JCPyV has been detected in high-grade and low-grade
CINs but no association with HR-HPV infection was found (Comar,
2011; Alosaimi et al., 2014). Phenomenon termed superinfection
exclusion explains why especially closely related virus genome could
enter the cell infected by another virus but cannot establish a new
infection (Hampson et al., 2020). Superinfection exclusion is studied
among different HPV genotypes but not HPyVs (Hampson et al,
2020). Earlier studies with HPV positive cell cultures indicate that it is
nearly impossible to re-infect these cells with another HPV genotype.
We have shown in vivo that the first HPV16 to come established the
persistent infection but the next HPV16 with slight genomic changes
was able to cause only a transient HPV infection (Kurvinen et al,
2000). Thus, based on these earlier studies superinfection of HPV
infected cells with HPyVs might not be possible since it seems that not
even different HPVs could infect the same cells. Noteworthy is that in
our study, none of the women were vaccinated to HPV which makes
this study population very unique without any confounding factors.

One limitation of our study is that HPyV DNA analysis was not
performed in the samples used for HPV-genotyping (oral and genital
brush samples and CIN lesions). In addition, the number of these
samples is low. In the clinical diagnostics, e.g. HPV serology has
limited value and HPV seropositivity is usually regarded as a sign of
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past history of HPV infection. However, serological analysis is the
only current method to study the possible association between HPV
and HPyV types. In vitro models are not available as there are neither
BKPyV nor JCPyV positive epithelial cell lines and HPV can not be
cultured. The ultimate strength of the study is that the study design is
novel and innovative which in the best case scenario would encourage
other research groups to study the current issue within their own
cohorts and especially utilizing in situ hybridization methods to
localize these viruses in same cells progressing toward malignancy.

In conclusion, BKPyV and/or JCPyV seropositivity had no
significant associations with any of the HPV-related covariates
included in the present analysis. Thus, the present study could
not provide any additional support to the concept that co-infections
by HPyV and HPV have interactions that affect the clinical
manifestations or outcomes of HPV infections either in the
genital tract or in the oral mucosa.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Research Ethics Committee of Turku University
Hospital. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

HL, TW, KS, SG, KL, and SS contributed to the study conception
and SS created the study design. Material preparation and data
collection were performed by SS and TW. The analysis was
performed by HL, SS, and KS. The first draft of the manuscript was
written by HL and SS. All authors commented on previous versions of
the manuscript and read and approved the final manuscript. All
authors contributed to the article and approved the submitted version.

Funding

This work was supported by Pidivikki and Sakari Sohlberg
Foundation, Sigrid Juselius Foundation and Academy of Finland.

Conflict of interest

Author KS was employed by company SMW Consultants Ltd.
The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fcimb.2023.1190019
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Laine et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

Alosaimi, B., Hampson, L., He, X, Maranga, I. O., Oliver, A. W., and Hampson, L. N.
(2014). Increased prevalence of JC polyomavirus in cervical carcinomas from women
infected with HIV. H Med. Virol. 86, 672-677. doi: 10.1002/jmv.23868

Antonsson, A., Green, A. C., Mallitt, K., O 'Rourke, P. K., Pawlita, M., Waterboer, T.,
et al. (2010). Prevalence and stability of antibodies to the BK and JC polyomaviruses: a
long-term longitudinal study of australians. J. Gen. Virol. 91, 1849-1853. doi: 10.1099/
vir.0.020115-0

Balis, V., Sourvinos, G., Soulitzis, N., Giannikaki, E., Sofras, F., and Spandidos, D. A.
(2007). Prevalence of BK virus and human papillomavirus in human prostate cancer.
Int. J. Biol. Markers 22, 245-251. doi: 10.1177/172460080702200402

Castellsagué, X., Pawlita, M., Roura, E., Margall, N., Waterboer, T., Bosch, F. X,, et al.
(2014). Prospective seroepidemiologic study on the role of human papillomavirus and
other infections in cervical carcinogenesis: evidence from the EPIC cohort. Int. J.
Cancer 15, 135, 440-52. doi: 10.1002/ijc.28665

Comar, M. (2011). High prevalence of BK polyomavirus sequences in human
papillomavirus-16-positive precancerous cervical lesions. J. Med. Virol. 83, 1770-
1776. doi: 10.1002/jmv.22184

Fraase, K., Hart, J., Wu, H,, Pang, X,, Ma, L., Grant, F,, et al. (2012). BK virus as a
potential co-factor for HPV in the development of cervical neoplasia. Ann. Clin. Lab.
Sci. 42, 130-134.

Gardner, S. D., Field, A. M., Coleman, D. V., and Hulme, B. (1971). New human
papovavirus (B.K.) isolated from urine after renal transplantation. Lancet 7712, 1253—
1257. doi: 10.1016/s0140-6736(71)91776-4

Giuliani, L., Jaxmar, T., Casadio, C., Cariglio, M., Manna, A., DAntonio, D., et al.
(2007). Detection of oncogenic viruses SV40, BKV, JCV, HCMV, HPV, and p53 codon
72 polymorphism in lung carcinoma. Lung Cancer 57, 273-281. doi: 10.1016/
jlungcan.2007.02.019

Giuliani, L., Ronci, C., Bonifacio, D., Di Bonito, L., Favalli, C., Perno, C. F., et al.
(2008). Detection of oncogenic DNA viruses in colorectal cancer. Anticancer Res. 28
(2B), 1405-1410.

Gossai, A., Waterboer, T., Nelson, H. H., Michel, A., Willhauck-Fleckenstein, M.,
Farzan, S. F., et al. (2016). Seroepidemiology of human polyomaviruses in a US
population. Am. J. Epidemiol. 183, 61-69. doi: 10.1093/aje/kwv155

Guidry, J. T., and Scott, R. S. (2017). The interaction between human papillomavirus
and other viruses. Virus Res. 231, 139-147. doi: 10.1016/j.virusres.2016.11.002

Hampson, I. N., Oliver, A. W., and Hampson, L. (2020). Potential effects of human
papillomavirus type substitution, superinfection exclusion, and latency on the efficacy
of the current L1 prophylactic vaccines. Viruses 13, 22. doi: 10.3390/v13010022

Hirsch, H. H., and Steiger, J. (2003). Polyomavirus BK. Lancet Infect. Dis. 3, 611-623.
doi: 10.1016/S1473-3099(03)00770-9

Kean, J. M., Rao, S., Wang, M., and Garcea, R. L. (2009). Seroepidemiology of human
polyomaviruses. PloS Pathog. 5, €1000363. doi: 10.1371/journal.ppat.1000363

Kurvinen, K., Yliskoski, M., Saarikoski, S., Syrjinen, K., and Syrjinen, S. (2000).
Variants of the long control region of human papillomavirus type 16. Eur. J. Cancer 36,
1402-1410. doi: 10.1016/s0959-8049(00)00121-0

Laine, H. K., Waterboer, T., Syrjinen, K., Grenman, S., Louvanto, K., and Syrjinen,
S. (2023). Seroprevalence of polyomaviruses BK and JC in Finnish women and their
spouses followed-up for three years. Sci. Rep. 13, 879. doi: 10.1038/s41598-023-27850-7

Llewellyn, M. A,, Gordon, N. S., Abbots, B., James, N. D., Zeegers, M. P., Cheng, K. K.,
etal. (2018). Defining the frequency of human papillomavirus and polyomavirus infection
in urothelial bladder tumours. Sci. Rep. 8, 11290. doi: 10.1038/s41598-018-29438-y

Louvanto, K., Rautava, J., Syrjanen, K., Grenman, S., and Syrjanen, K. (2014). The
clearance of oral high-risk human papillomavirus infection is impaired by long-term
persistence of cervical human papillomavirus infection. Clin. Microbiol. Infect. 11,
1167-1172. doi: 10.1111/1469-0691.12700

Louvanto, K., Rintala, M. A., Syrjinen, K. J., Grenman, S. E., and Syrjinen, S. M.
(2010). Genotype-specific persistence of genital human papillomavirus (HPV)
infections in women followed for 6 years in the Finnish family HPV study. J. Infect.
Dis. 202, 436-444. doi: 10.1086/653826

Louvanto, K., Syrjinen, K. J,, Rintala, M. A., Grénman, S. E.,, and Syrjinen, S. M.
(2011). Human papillomavirus and predictors of cervical intraepithelial neoplasia
among young mothers in a prospective follow-up study. Acta Obstet. Gynecol. Scand.
90, 167-173. doi: 10.1111/j.1600-0412.2010.01029.x

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2023.1190019

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Martinez-Fierro, M. L., Leach, R. J., Gomez-Guerra, L. S., Garza—Guajardo, R,
Johnson-Pais, T., Beuten, J., et al. (2010). Identification of viral infections in the
prostate and evaluation of their association with cancer. BMC Cancer 10, 326. doi:
10.1186/1471-2407-10-326

Martini, F., Iaccheri, L., Martinelli, M., Martinello, R., Grandi, E., Mollica, G., et al.
(2004). Papilloma and polyoma DNA tumor virus sequences in female genital tumors.
Cancer Invest. 22, 697-705. doi: 10.1081/cnv-200032937

Michael, K. M., Waterboer, T., Sehr, P., Rother, A., Reidel, U., Boeing, H., et al.
(2008). Seroprevalence of 34 human papillomavirus types in the German general
population. PloS Pathog. 4, €1000091. doi: 10.1371/journal.ppat.1000091

Miller, S. A, Dykes, D. D., and Polesky, H. F. (1988). A simple salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids Res. 16, 1215. doi:
10.1093/nar/16.3.1215

Padgett, B. L., Walker, D. L., ZuRhein, G. M., Eckroade, R. J., and Dessel, B. H.
(1971). Cultivation of papova-like virus from human brain with progressive multifocal
leucoencephalopathy. Lancet 7712, 1257-1260. doi: 10.1016/S0140-6736(71)91777-6

Poluschkin, L., Rautava, J., Turunen, A., Wang, Y., Hedman, K., Syrjinen, K., et al.
(2018). Polyomaviruses detectable in head and neck carcinomas. Oncotarget 9, 22642
22652. doi: 10.18632/oncotarget.25202

Polz-Gruszka, D., Morshed, K., Jarzynski, A., and Polz-Dacewicz, M. (2015).
Prevalence of polyomavirus (BKPyV), Epstein-barr virus (EBV) and human
papillomavirus (HPV) in oropharyngeal cancer. Pol. J. Microbiol. 64, 323-328. doi:
10.5604/17331331.1185229

Rautava, J., Willberg, J., Louvanto, K., Wideman, L., Syrjanen, K., Grenman, S., et al.
(2012). Prevalence, genotype distribution and persistence of human papillomavirus in
oral mucosa of women: a six-year follow-up study. PloS One 7, e42171. doi: 10.1371/
journal.pone.0042171

Rintala, M. A. M., Grenman, S., Puranen, M. H., Isolauri, E., Ekblad, U., Kero, P. O.,
etal. (2005). Transmission oh high-risk human papillomavirus (HPV) between parents
and infant: a prospective study of HPV in families in Finland. J. Clin. Microbiol. 43,
376-381. doi: 10.1128/JCM.43.1.376-381.2005

Rintala, M., Grénman, S., Puranen, M., and Syrjinen, S. (2006). Natural history of
oral papillomavirus infections in spouses: a prospective Finnish HPV family study. J.
Clin. Virol. 35, 89-94. doi: 10.1016/.jcv.2005.05.012

Schmitt, M., Bravo, I. G., Snijders, P. . F., Gissmann, L., Pawlita, M., and Waterboer,
T. (2006). Bead-based multiplex genotyping of human papillomaviruses. J. Clin.
Microbiol. 44, 504-512. doi: 10.1128/JCM.44.2.504-512.2006

Sehr, P., Zumbbach, K., and Pawlita, M. (2001). A generic capture ELISA for
recombinant proteins fused to glutathione s-transferase: validation for HPV serology. J.
Immunol. Methods 253, 153-162. doi: 10.1016/S0022-1759(01)00376-3

Syrjanen, S., Waterboer, T., Sarkola, M., Michael, K., Rintala, M., Syrjanen, K., et al.
(2009). Dynamics of human papillomavirus serology in women followed up for 36
months after pregnancy. J. Gen. Virol. 90, 1515-1526. doi: 10.1099/vir.0.007823-0

van Regenmortel, M. H. V., Fauquet, C. M., Bishop, D. H. L., Carstens, E. B., Estes,
M. K, Lemon, S. M., et al. (2000). Virus taxonomy. seventh report of the international
committee on taxonomy of viruses (San Diego: Academic Press), 1162 pp. Available at:
https://ictv.global/filebrowser/download/4542 (Accessed 12 December 2022).

Vats, A., Trejo-Cerro, O., Thomas, M., and Banks, L. (2021). Human papillomavirus
E6 and E7: what remains? Tumour Virus Res. 11, 200213. doi: 10.1016/
j.tvr.2021.200213

Walker, P. ], Siddell, S. G., Lefkowitz, E. J., Mushegian, A. R., Dempsey, D. M.,
Dutilh, B. E,, et al. (2019). Changes to virus taxonomy and the international code of
virus classification and nomenclature ratified by the international committee on
taxonomy of viruses. Arch. Virol. 164, 2417-2429. doi: 10.1007/500705-019-04306-w

Waterboer, T., Sehr, P., Michael, K. M., Franceschi, S., Nieland, J. D., Joos, T. O.,
et al. (2005). Multiplex human papillomavirus serology based on in situ-purified
glutathione s-transferase fusion proteins. Clin. Chem. 2005, 51, 1845-53. doi: 10.1373/
clinchem.2005.052381

Waterboer, T., Sehr, P., and Pawlita, M. (2006). Suppression of non-specific binding in
serological luminex assays. J. Immunol. Methods 309, 200-204. doi: 10.1016/.jim.2005.11.008

Wildeman, A. G. (1989). Transactivation of both early and late simian virus 40
promoters by large tumor antigen does not require nuclear localization of the protein.
Proc. Natl. Acad. Sci. U.S.A. 86, 2123-2127. doi: 10.1073/pnas.86.7.2123

frontiersin.org


https://doi.org/10.1002/jmv.23868
https://doi.org/10.1099/vir.0.020115-0
https://doi.org/10.1099/vir.0.020115-0
https://doi.org/10.1177/172460080702200402
https://doi.org/10.1002/ijc.28665
https://doi.org/10.1002/jmv.22184
https://doi.org/10.1016/s0140-6736(71)91776-4
https://doi.org/10.1016/j.lungcan.2007.02.019
https://doi.org/10.1016/j.lungcan.2007.02.019
https://doi.org/10.1093/aje/kwv155
https://doi.org/10.1016/j.virusres.2016.11.002
https://doi.org/10.3390/v13010022
https://doi.org/10.1016/S1473-3099(03)00770-9
https://doi.org/10.1371/journal.ppat.1000363
https://doi.org/10.1016/s0959-8049(00)00121-0
https://doi.org/10.1038/s41598-023-27850-7
https://doi.org/10.1038/s41598-018-29438-y
https://doi.org/10.1111/1469-0691.12700
https://doi.org/10.1086/653826
https://doi.org/10.1111/j.1600-0412.2010.01029.x
https://doi.org/10.1186/1471-2407-10-326
https://doi.org/10.1081/cnv-200032937
https://doi.org/10.1371/journal.ppat.1000091
https://doi.org/10.1093/nar/16.3.1215
https://doi.org/10.1016/S0140-6736(71)91777-6
https://doi.org/10.18632/oncotarget.25202
https://doi.org/10.5604/17331331.1185229
https://doi.org/10.1371/journal.pone.0042171
https://doi.org/10.1371/journal.pone.0042171
https://doi.org/10.1128/JCM.43.1.376-381.2005
https://doi.org/10.1016/j.jcv.2005.05.012
https://doi.org/10.1128/JCM.44.2.504-512.2006
https://doi.org/10.1016/S0022-1759(01)00376-3
https://doi.org/10.1099/vir.0.007823-0
https://ictv.global/filebrowser/download/4542
https://doi.org/10.1016/j.tvr.2021.200213
https://doi.org/10.1016/j.tvr.2021.200213
https://doi.org/10.1007/s00705-019-04306-w
https://doi.org/10.1373/clinchem.2005.052381
https://doi.org/10.1373/clinchem.2005.052381
https://doi.org/10.1016/j.jim.2005.11.008
https://doi.org/10.1073/pnas.86.7.2123
https://doi.org/10.3389/fcimb.2023.1190019
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Human polyomavirus BKPyV and JCPyV serostatus has no impact on women&acute;s human papillomavirus infection outcome
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Serology
	2.2.1 Blood samples
	2.2.2 Pap smear
	2.2.3 Brush samples from genital and oral mucosa for HPV testing
	2.2.4 Analysis of BKPyV and JCPyV serology
	2.2.5 Analysis of HPV serology
	2.2.6 HPV testing
	2.2.7 HPV16 persistence
	2.2.8 Incident cervical intraepithelial neoplasia

	2.3 Statistical analysis

	3 Results
	3.1 BKPyV and JCPyV serology versus HPV serology
	3.2 BKPyV and JCPyV serology versus HPV DNA status
	3.3 BKPyV and JCPyV serology versus cervical cytology and CIN

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


