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Abstract

Objective—To test the hypothesis that self-collected urine could be used to detect high-risk
human papillomavirus (HPV) DNA with sensitivity and specificity comparable to those of
standard cervical testing.

Methods—Women attending a gynecology clinic for evaluation of abnormal cytology were
recruited. Fifty-two participants (21-60 years of age) collected urine samples, and clinicians
collected cervical brush samples. When appropriate, cervical biopsies were obtained during
colposcopy. HPV detection and typing were performed on DNA extracts from each sample, using
commercial reagents for L1 consensus polymerase chain reaction (PCR) and type-specific
hybridization. HPV 16 viral load was determined by quantitative PCR in HPV 16-positive
samples. A diagnostic test analysis was conducted for urine samples.

Results—Fifty paired samples were analyzed, with 76% agreement between samples. The 12
discrepant pairs were all urine negative/cervix positive. The most common HPV types detected
were 16, 51, 53, and 62. The urine test correctly identified 100% of the uninfected and 65% of the
infected patients.

Conclusion—The results indicate that HPV DNA detection using urine is less sensitive than
cervical sampling in a population with abnormal cytology. Further exploration is warranted to
determine clinical utility when other options are unavailable.
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1. Introduction

Human papillomavirus (HPV) is a double-stranded DNA virus that infects the deeper layers
of skin and the inner mucosal lining of organs. Of more than 100 known HPV types, 40
preferentially infect the stratified squamous epithelium of the mucosa of the cervix and the
vagina, and the skin of the vulva, the penis, and the perianal areas [1]. Persistent infection
develops in 10%-20% of HPV-positive women, with shedding of HPV DNA from the
genital tract occurring for 24 or more months after infection.

Cervical cancer is the fifth most commonly diagnosed cancer among women in Puerto Rico
[2]. This malignancy is preventable and curable if detected early. Screening for cervical
cancer has reduced the number of cases in high-resource countries, including Puerto Rico.
However, populations with limited access to healthcare need easier and more effective
methods of prevention and treatment [3,4]. Although the prophylactic HPV vaccine is 100%
effective in the prevention of severe dysplasia due to HPV 16 and HPV 18, it might not
protect women from severe dysplasia caused by other high-risk HPV types or women who
are already infected with HPV 16 or HPV 18. Therefore, screening will be necessary for the
next several decades [1].

Access to a gynecologist and compliance with screening are barriers to the success of
cervical cancer prevention programs. It has been shown that HPV assays can be performed
on vaginal cells as well as epithelial cells recovered by the centrifugation of voided urine
[5]. The correlation between urine and the cervical detection of HPV as reported in the
literature varies. Urine-based tests might facilitate HPV detection in women who do not
have easy access to a gynecologist, and given their non-invasive nature should be attractive
to all patients [6]. Such tests can also be used in epidemiologic studies in which pelvic
exams may be impractical. In 2008, Fambrini et al. [7] found excellent concordance (96.6%)
in the detection of high-risk HPV between urine and cervical samples. The long-term goal is
to develop a new, better screening method (one that analyzes urine) for detecting HPV-
related malignancies in high-risk populations.

The aim of the present study was to evaluate urine testing for high-risk HPV in a high-risk
population using the linear array (LA) assay, which is a research test yielding type-specific
results with high analytic sensitivity. Our hypothesis was that urine self-sampling can be
used in the detection and quantification of high-risk HPV DNA and can be accomplished
with levels of sensitivity and specificity comparable to those attained with standard cervical
testing.

2. Materials and methods

Fifty-two women attending a series of gynecology clinics at the University of Puerto Rico,
San Juan, USA, from September 1, 2011, to June 30, 2012, were recruited. Women were
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invited to participate if they were attending the gynecology clinics for evaluation of an
abnormal Pap smear, were sexually active but not pregnant, were 21-60 years of age, had an
intact uterus, and resided in Puerto Rico. Women were not eligible to participate in the study
if they had any cognitive or physical impairment that prevented informed participation, were
pregnant, were outside the 21-60-year age group, had no uterus, or did not reside in Puerto
Rico. Patients over 60 years of age were excluded to avoid false-positive cytology results
secondary to atrophic changes, but without missing the second peak of HPV infection that
may occur around 55 years of age. Approval from the institutional review board Ethics
Committee at the University of Puerto Rico Medical Sciences Campus was obtained prior to
the study. Participants provided signed consent at enrollment.

Participants collected a first-void urine sample at home on the day of their second study visit
and brought it to the clinic at ambient temperature. Clinic personnel mixed the sample and
prepared 2 3-mL aliquots. At the time of pelvic examination during the second study visit, a
clinician collected a sample from the participant's cervix under speculum visualization using
a cervical brush (Digene HC2 DNA Collection Device; Qiagen, Valencia, CA, USA); the
sample was then stored in Specimen Transport Medium (STM, Qiagen). Colposcopically
directed cervical biopsies obtained for diagnostic purposes were processed and interpreted at
local pathology laboratories. All specimens were stored at —20 °C and shipped on dry ice to
the Centers for Disease Control and Prevention (CDC), Atlanta, USA, for further
processing. DNA was extracted using the MagNA Pure LC System (Roche Applied Science,
Indianapolis, IN, USA). For urine, 1 aliquot was thawed and centrifuged to collect a cell
pellet, which was resuspended in 150 pL of TE buffer and processed with MagNA Pure
DNA Isolation Kit 1 (Roche Applied Science). The cervical STM sample was thawed and
resuspended, and a 150-uL aliquot was mixed with 85 L of bacterial lysis buffer and 15 uL
of Proteinase K from MagNA Pure DNA Isolation Kit 3 (Roche Applied Science). The
emulsion was incubated at 65 °C for 1 hour and then processed with the MagNA Pure
System, following the manufacturer's specification. All DNA extracts were eluted in a final
volume of 100 pL. A water blank was processed with every sample batch as a negative
control.

HPV typing was performed with the Roche Linear Array HPV Genotyping Test (Roche
Diagnostics, Indianapolis, IN, USA). A 10-uL aliquot of extract was used with 40 pL of
sterile water as sample template. BeeBlot (Bee Robotics, Gwynedd, UK) instruments were
used for automation of the hybridization and wash steps of the line blot assay; otherwise, the
assay was performed according to the manufacturer's protocol. A positive control (50 1U of
HPV 16) and a no-template sample were processed with every LA assay. Samples with
ambiguous results for HPV 52 (caused by the cross-hybridizing XR probe of the LA) were
tested with an additional real-time polymerase chain reaction (PCR) assay specific for this

type [8].

The amount of genomic DNA extracted from all of the specimens, and the HPV 16 viral
copy numbers in all of the sample pairs that were positive for this type were determined by
quantitative PCR (gPCR). In an additional assay, an external plant-based template was
performed to measure the PCR inhibitors in all of the DNA extracts. In all reactions, 10 pL
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of the extracted DNA was used as template. The primers and conditions for the 3 gPCR
assays are detailed elsewhere [9].

An interviewer-based questionnaire was administered after sample collection and
colposcopy. Data about demographic characteristics, sexual history, and toxic habits were
stored without identifiers in an Epi Info version 3.5.1 (CDC) database.

Normally distributed data were summarized as mean = SD, and non-normally distributed
data were presented as median (interquartile range). Basic crude associations with severity
of disease were tested via Wilcoxon rank-sum test for medians; t test was used to compare
means; XZ or Fisher exact test was used to compare proportions. gDNA yield, HPV 16 copy
number, and C; values from the inhibitor assay were analyzed via paired t test, considering a
P value less than 0.05 to be significant.

The study population consisted of 52 women with a mean age of 35 years who were
recruited after an abnormal cytology result (Figure 1). The sociodemographic and
reproductive characteristics for the overall study population, categorized according to the
severity of disease (low risk and high risk, corresponding to cervical intraepithelial neoplasia
[CIN] 1 and CIN 2/3, respectively), are presented in Table 1. The distribution of abnormal
cervical cytology results in the 52 participants is shown in Figure 2. The most common
result was atypical squamous cells of undetermined significance (52%), followed by low-
grade squamous intraepithelial lesion (24%). Results were obtained from 51 of the 52
participants (1 biopsy sample was lost after being sent to the local pathology laboratory, so
the result was not obtained for that patient), and 2 patients were excluded from analysis
owing to inadequacy for HPV analysis. Of the 49 cervical biopsies included in the analysis,
86% (42/49) were diagnosed as CIN 1 and 14% as CIN 2 (7/49) (Figure 3).

Of the cervical samples, 35 (67%) were positive for any HPV and 17 (33%) were negative.
Twenty-two (42%) of the matching urine samples were positive and 28 (54%) were
negative; the test results for another 2 (4%) were inadequate (Table 2). If restricted to
samples with adequate results (n=50), the overall agreement on HPV status was 73%.

In 12 cervical samples, multiple HPV types (2-6) were detected, with a mean of 2.8 types
per positive sample. Of the urine samples, 7 had multiple types (2-7), with a mean of 3.1
types per positive sample. Figure 3 shows the type-specific frequency of detection. If we
consider only the 14 types present in clinical assays, the concordant pairs would be 35/50
(70%; 18 urine negative/cervix negative and 17 urine positive/cervix positive) and the
discordant pairs would be 15/50 (30%; 1 urine positive/cervix negative and 14 urine
negative/cervix positive).

Quantitative PCR analysis showed that the gDNA yield was significantly higher in the
cervical extracts (P=0.003). For the 12 women for whom HPV 16 was detected in the
cervical sample, the HPV 16 copy number was determined in both sample pairs (Figure 4).
The cervical sample had a greater number of copies in all cases but the difference was not
statistically significant overall (P=0.076). Amplification of the external template showed
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identical C; values in the presence of cervical (mean, 26.52) and urine (mean, 26.46)
extracts, indicating that inhibitors did not cause any difference in PCR efficiency (P=0.366).
Results from the gPCR assays are shown in Figure 4.

4. Discussion

The results from the present pilot study confirm that, while HPV detection in urine is
possible (50/52 [96%)] yielding adequate results), the detection sensitivity is significantly
lower than that in paired cervical samples. The cervical samples of 35 patients were positive
for HPV, while only 22 of the urine samples from these patients also tested positive. A
finding against urine testing is that there were 4 cases (8%) of discordant (urine negative/
cervix positive) samples, which were consistent with CIN 2 on cervical biopsy. Assuming
that LA testing of cervical cells is a gold standard and that these numbers are representative,
urine testing would result in a reduction of approximately 35% in HPV detection sensitivity.
An additional 39 HPV types were found in the positive cervical extracts. These included a
total of 19 different genotypes (Figure 3), indicating that these discrepancies were not type
specific.

The quantity of genomic and HPV 16 DNA in the extracts clearly indicated that the
observed sensitivity difference was caused by significantly lower yields from the urine
samples. While PCR inhibitors in nucleic acid extracts from urine have been reported [10],
there was no evidence of this in the present study because urine DNA did not have a
different effect on the amplification efficiency of the external templates. Payan et al. [11]
reported a very good concordance of HPV detection in paired urine/cervical samples, with a
x test at 93%. Consistent with the present results, they also reported a marked difference in
the HPV viral load—uwith the viral load of cervical samples 50-fold higher than that of urine,
and explaining some of the discordant cases with low viral loads in urine. However, in
certain populations with very limited access to healthcare, a urine sample can be more
feasible than a pelvic exam or even vaginal self-sampling, providing information that may
not be obtained otherwise. Those patients for whom high-risk HPV is detected in urine can
be evaluated further with pelvic examination to exclude advanced cervical disease.

A limitation of the present study was its small sample size and the fact that no CIN 3 lesions
were present in the cervical biopsies. Therefore, the sample was not representative of the
general population. Larger studies would be necessary to confirm the numbers, and the
observed differences may be different in other populations. Increasing either the amount of
urine in the extraction process or the concentration of template DNA in the HPV assay
might also be considered in order to decrease the loss of sensitivity. However, the cell
pellets derived from the 3-mL aliquots were rather large, and the viscosity of the lysed cells
can probably be considered an indication of the limit for the DNA extraction protocol used.

The conclusions regarding the main objective of the study—to evaluate the HPV testing of
women using urine instead of cervical sampling—may be situation dependent. By most
standards, a 35% loss of sensitivity would probably be unacceptable in terms of collecting
meaningful data on HPV prevalence. However, if cervical sampling were impossible owing
to study logistics, religious restriction in the population, or other reasons, the advantages of
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privacy and noninvasiveness of the sampling method may outweigh the existing
shortcomings, and urine may be acceptable as an alternative specimen for HPV testing.
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Figure 1.

Study design. Abbreviations: HPV, human papillomavirus; PCR, polymerase chain reaction; qPCR, quantitative polymerase

chain reaction.

Int J Gynaecol Obstet. Author manuscript; available in PMC 2015 February 01.

Visit 2




1duasnuely Joyiny vd-HIN duasnuey Joyiny vVd-HIN

1duasnuely Joyiny vd-HIN

Mendez et al.

orcuar ASCH
. 4%
cells

10%

45

35

30

254
20 +
15

10 +

Figure 2.

Page 9

CIN |

CIN Il

Distribution of abnormal cervical cytology results (n=52) and cervical biopsies (n=49). Abbreviations: ASC-H, atypical
squamous cells, cannot exclude high-grade squamous intraepithelial lesion; ASCUS, atypical squamous cells of undetermined
significance; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion.
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Figure 3.

Frequency of individual human papillomavirus (HPV) types as detected in urine samples and cervical extracts.
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Scatter plots showing results for gDNA yields (A), human papillomavirus (HPV) 16 copy humber per uL (B), and C; values for
the external template (inhibitor assay) (B), as measured by quantitative polymerase chain reaction (PCR) assays. Median values
are indicated by vertical bars in each plot.

Int J Gynaecol Obstet. Author manuscript; available in PMC 2015 February 01.



yduasnuel Joyny Yd-HIN

1duasnuely Joyny vd-HIN

1duasnuely Joyny vd-HIN

Mendez et al. Page 12

Table 1

Sociodemographic and reproductive characteristics of the study populaltiona

Characteristic Overall (n=52) Low risk (n=42)  High risk (n=7) p valued
Age, yb 35+99 35+9.7 31+£6.9 0.35
Number of sexual partners® 3(3-9) 314 334 0.23
Age at first coitus, yb 18+4.7 18+5.0 16+29 0.21
Smoking history
Smoked/smokes 15 (28.9) 9(21.4) 5(71.4) 0.02
Has never smoked 37 (71.1) 33 (78.6) 2 (28.6)
Current smoking status
Smokes 5 (9.6) 2(4.8) 3(42.9) 0.02
Doesn't smoke 47 (90.4) 40 (95.2) 4 (57.1)
History of STDs
Yes 14 (26.9) 9 (21.4) 4(57.1) 0.07
No 38 (73.1) 33 (78.6) 3(42.9)
HPV vaccinated
Yes 1(1.9) 1(2.4) 0(0.0) >0.99
No 50 (98.0) 41 (97.6) 7 (100.0)
Annual Papanicolaou test
Yes 36 (70.6) 32(78.0) 2(28.6) 0.02
No 15 (29.4) 9(22.0) 5 (71.4)

Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; STD, sexually transmitted disease.

aCategorized according to severity of disease (low [CIN 1] and high [CIN 2/3] risk). Values are given as mean + SD, median (interquartile range),
or number (percentage) unless otherwise indicated.

b A
Data are normally distributed.
c I
Data are non-normally distributed.

d . . . . . .
P values are from Wilcoxon rank-sum test (for medians); t test (for means); and either XZ or Fisher exact test (for proportions) where numbers in
the cells are <5.
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Diagnostic agreement

Table 2

Cervical extracts

HPV positive

HPV negative  Inadequate  Sum

Urine extracts
HPV positive 22
HPV negative 12
Inadequate 1

Sum 35

0 0 22
16 0 28
1 0 2

17 0 52

Abbreviation: HPV, human papillomavirus.
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