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Abstract The detection of human papillomavirus (HPV)
DNA in urine, a specimen easily obtained by a non-
invasive self-sampling method, has been the subject of a
considerable number of studies. This review provides an
overview of 41 published studies; assesses how different
methods and settings may contribute to the sometimes
contradictory outcomes; and discusses the potential rele-
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vance of using urine samples in vaccine trials, disease
surveillance, epidemiological studies, and specific settings
of cervical cancer screening. Urine sampling, storage
conditions, sample preparation, DNA extraction, and
DNA amplification may all have an important impact on
HPV DNA detection and the form of viral DNA that is
detected. Possible trends in HPV DNA prevalence in urine
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could be inferred from the presence of risk factors or the
diagnosis of cervical lesions. HPV DNA detection in urine
is feasible and may become a useful tool but necessitates
further improvement and standardization.

Introduction

The human papillomavirus (HPV) is a non-enveloped,
double-stranded DNA virus infecting deeper layers of skin
and the inner mucosal lining of organs. Of the over 100
known HPV types, 40 preferentially infect the stratified
squamous epithelium of the mucosa and genital skin of the
cervix, vagina, vulva, penis, and perianal areas. HPV
infection is very common and, in most cases, transient or
self-limiting. However, 10-20% of HPV-infected women
develop a persistent infection and continue to shed HPV
DNA from the genital tract for 24 or more months [1]. In
many populations, over 50% (up to 80%) of sexually active
women, and probably a similar percentage of men, are
infected with HPV at some point in their lives [2, 3].

Cytology-based screening, enabling the early detection
of cervical pre-cancerous or cancer lesions, was, for
decades, the only tool to reduce the incidence and mortality
of cervical cancer. Most women with abnormal cervical
cytology results received surgical treatment, an expensive
intervention with a potential negative impact on subsequent
pregnancy outcome [4]. In the 1980s, the link between
HPV and cervical cancer was established [5]. Currently, the
use of HPV DNA testing to specifically identify cervical
infections with high-risk or carcinogenic types is being
evaluated in cervical screening programs.

Two HPV vaccines, a quadrivalent vaccine protecting
against HPV types 6/11/16/18 and a bivalent one directed
against HPV types 16/18, have become available for the
primary prevention of HPV 16/18-related cervical cancer.

Virological endpoints, such as incident and persistent
HPV infections, constitute important surrogates to monitor
and investigate the impact and implementation of vaccina-
tion programs. It is essential to have established efficient
methods for HPV detection and genotyping that yield high
analytical sensitivities. HPV DNA assays, optimized to
detect HPV DNA in cervical cytological samples, are less
suitable in vaccine trials because detection thresholds may
have been adjusted to identify only women with clinically
relevant infections [6, 7].

Using urine as a sample for HPV DNA testing has a
number of advantages. Urine can be included in a non-
invasive self-sampling method. As such, this approach
would permit frequent sampling and the sampling of large
populations, e.g., to measure the impact of HPV vaccina-
tion programs. Moreover, urine sampling, unlike cervical
sampling, is a method that is preferred and better accepted

@ Springer

by women [8], which may lead to better population
coverage in screening programs. Urine samples are acceptable
in clinical practice and are used to screen for chlamydia and
gonorrhea. HPV DNA detection in urine does not interfere
with the natural history of the infection, whereas scraping cells
from the cervix, vagina, or glands may create microlesions or
induce an inflammatory reaction. Finally, in certain settings, it
might avoid the need for a pelvic examination and/or a visit to
the clinic.

However, DNA detection in urine also implies a number
of challenges. First, it is a diluted sample and contains both
known, such as urea and nitrites, and unknown polymerase
chain reaction (PCR) inhibitors [9]. Further, the DNA can
be deteriorated by contaminating bacteria and/or endonu-
cleases [10, 11]. If HPV DNA detection in urine is to be
used in a cervical cancer screening program, additional
disadvantages are that the sample is not collected at the
original disease site and only contains spontaneously
exfoliated cells. Furthermore, the presence of HPV DNA
may also be indicative of an HPV infection of the urinary
tract or the lower genital tract.

Objectives

The objectives of this paper are: (1) to provide an overview
of all published studies reporting on the detection of HPV
DNA in urine; (2) to assess how the different settings and
methods contribute to the contradictory outcomes; and (3)
to discuss the potential relevance of using urine samples in
the HPV field.

Materials and methods

A literature search was performed with Endnote X and X3
software on April 6th 2010 using the databases PubMed
and Web of Science. Any field (PubMed) or the title/
keywords/abstract fields (Web of Science) were checked for
‘HPV’, ‘detection’, and ‘urine’. All reference lists of
identified papers were screened manually.

For each paper, the available data were extracted at the
level of the reported cohorts or subgroups, i.e., same gender,
similar lesions, or similar risk of being infected. The data were
either entered as presented in the paper or calculated based on
the provided information. Per identified cohort, the following
details were entered in SPSS 16.0: number of subjects, gender,
risk of HPV infection (normal=no specific indication; low=
pre-adolescent or not sexually active; high=partner of HPV-
positive patient, HIV-positive, attending a sexually transmitted
infection [STI] clinic, or referred to a colposcopy clinic;
mixed; or not relevant=in case of known HPV infection),
lesions (not specified, none [none or atypical squamous cells
of undetermined significance (ASCUS)], low grade [low-
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grade squamous intraepithelial lesion (LSIL) or low-grade
cervical intraepithelial neoplasia (CIN1)], high grade [high-
grade squamous intraepithelial lesion (HSIL) or high-grade
cervical intraepithelial neoplasia (CIN2-3)], cancer, or condy-
lomata), type of DNA detection (conventional PCR, nested
PCR, real-time PCR, or Hybrid Capture 2 [HC2, Qiagen
(formally known as Digene)]), used primer sets, number of
samples which were human DNA-positive, number samples
tested for human DNA, number of HPV DNA-positive
samples, number of samples tested for HPV DNA, original
paper, and publication year.

Studies detecting human DNA in less than 85% of the
urine samples or using less sensitive HPV PCR primers
(GP5/GP6) were considered as substandard.

The possibility of statistically testing and quantifying
relationships between HPV DNA detection in urine and the
different subjects’ groups and methodologies was investigated.
Bubble graphs were created in order to explore the possible
relationships between HPV DNA detection rates in urine and
the different subjects’ groups (Microsoft Office Excel 2007).

Results and discussion
Papers studied

Forty-four papers dealing with HPV DNA detection in
urine were initially selected. The papers were published
between 1991 and 2009. Specific studies and patent
applications on the improvement of DNA detection in
urine were also taken into account. Papers providing
insufficient details on the methodology, HPV DNA detec-
tion rates, or using previously collected and published data
were excluded [12—14]. Table 1 gives the details of the 41
papers considered in this review [8, 15-53]. Table 2
summarizes the various methods and settings.

Urine sampling

The majority of the papers did not mention which
fraction or type of urine was analyzed. However, human
DNA levels in urine are not constant during a void, as
reported by Johnson et al. [54]. For most subjects, the
first-void fractions contained higher amounts of DNA than
the midstream or total void [54]. This study also
confirmed that the urine of men, in general, contains less
DNA than the urine of women, as reported by Brinkman et
al. [18]. Midstream urine—i.e., the standard for the
diagnosis of metabolic diseases and urinary tract infec-
tions—is preferred by some authors, since it is thought to
contain less PCR inhibitors. Three studies using mid-
stream urine did not report on human DNA detection [45,
46, 501].

Due to the high degree of variation across the studies
and the lack of relevant information on this topic in the
studies, it is difficult to determine the most appropriate
urine fraction for analysis. If the goal is to analyze a
maximum of exfoliated cells, it seems reasonable to use the
first-void fraction.

Storage conditions

Milde et al. showed that human DNA in urine containing
40 mM EDTA stored at room temperature for 8§ days was less
degraded than the DNA in urine samples without EDTA
frozen at —20°C [10]. EDTA, known to be an effective
nuclease inhibitor, is a chelating agent of bi-valent cations,
cofactors of DNA nucleases. Cell-free DNA is more likely to
be exposed to degradation than intracellular DNA. Several
patent applications have been submitted to conserve DNA
integrity in urine [55-57]. The million-fold inhibition
described by Brinkman et al. is most likely due to nuclease
activity [18]. Spiking experiments in our laboratory con-
firmed the quasi-disappearance of free HPV plasmid DNA in
urine after Amicon Ultra filtration (Millipore N.V., Brussel,
Belgium) and QIAamp DNA mini kit extraction (Qiagen
Benelux B.V., Venlo, the Netherlands), as also performed by
Brinkman et al. The addition of EDTA to the spiked urine
fully eliminated this so-called inhibition (A. Vorsters and 1.
Micalessi, unpublished data). Spiking urine with cancer cells
as described by Daponte et al. and Vossler et al. did not lead
to such a dramatic reduction in detection rates [20, 51], as
also observed in our laboratory. Although many authors are
aware of the possible inhibitors in urine, the presence of
nucleases is often not taken into account. Conversely, in
studies investigating cell-free transrenal DNA, i.e., DNA
from the blood circulation that has passed the kidney barrier,
collected urine is immediately mixed with EDTA to a final
concentration of 10 mM EDTA in order to inhibit possible
nuclease activity [58-60]. The impact of storage on the
detection of beta-globin and HPV DNA in urine was
demonstrated by Brinkman et al., with overnight storage at
4°C being the most favorable method [18].

Storage conditions of urine have a major impact on DNA
detection, and, hence, should be optimized and properly
reported in papers. To conserve cell-free DNA, an appro-
priate storage buffer needs to be applied as soon as possible
after collection of the urine sample.

Detection of human DNA

Lack of the detection of human DNA in urine by a
validated amplification and detection method could be a
good indicator of poor storage, and/or mediocre extraction
conditions. Table 1 shows that some authors systematically
found all urine samples to be positive for human DNA,

@ Springer
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Table 2 Divergence of the methods, settings, and tested subjects among 41 papers analyzed

Urine collection

- 17 papers report using first-void or first-catch urine, three use midstream, 21 didnot disclose which fraction was analyzed

- volumes analyzed range from 200 pl to 400-600 ml

- urine is collected at the clinic, at home, or sent by mail to the laboratory

- one study asked not to wash genitals, another study washed genitals with ethanol before urination [28, 66]

- urine was stored undiluted, diluted, or after centrifugation and removal of the supernatant. Pellets were frozen as such or

Storage - urine was processed immediately, stored at RT, at 4°C, —20°C, or —70°C
- storage times varied from a few hours to several weeks
suspended in phosphate-buffered saline, an in-house or commercial buffer
Centrifugation - all but one paper indicate centrifugation as one of the initial processing steps

- centrifugation speeds range from 500g to 100,000g

- centrifugation times from 5 min to 1 h

- if reported, centrifugation was done at RT or at 4°C

- a number of papers uses Amicon Ultrafiltration filters (Millipore) to concentrate urine and remove potential PCR

inhibitors

- 20 papers did not mention the centrifugation conditions

DNA extraction

- applied extraction methods ranged from crude proteinase K digestion,ethanol-chloroform extraction, to guanidium

isothiocyanate/silica-based extraction (Boom extraction), commercially available kits, and automated extraction methods

- a number of authors washed the pellet several times to remove potential PCRinhibitors

Detection of HPV
DNA

- 27 publications used conventional PCR, six nested PCR, six real-time PCR, and two HC2

- due to the large time frame in which these studies were performed (1993-2009), a wide range of primers was used: GP5/

GP6, GP5+/GP6+, MY09/MY11,MY09/MY 11/HMBO1, PGMY09/PGMY 11, SPF10, SPF10 modified, in-house
consensus primers, as well as combinations of type-specific primers

- detection of amplified product ranged from gel electrophoresis to real-time PCR

Detection of human
DNA

- testing the urine for the presence of human DNA was performed in 25 studies

- in 22 papers, beta-globin gene was targeted, although different primers were used to generate amplicons from 506 bp to

110 bp; in 11 papers, the GH20/PC04 primers, generating a 268-bp-long amplicon were used; in the other studies,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), humancytokine, beta-actin, or thymidine kinase genes were

targeted

- only 19 of the 25 studies reported the detection rates

- a number of studies only tested the presence of human DNA if a sample was negative for HPV DNA; the majority of the
studies only performed HPV DNA testing if human DNA was detectable

Subjects studied

- various groups of subjects were tested: pre-adolescent children, students, military recruits, healthy controls, women

attending a genito-urinary clinic, HIV-infected persons, persons with genital warts, males attending an STI clinic, male
partners from women with HPV cervical infection, women with HPVcervical cancer, and partners of women with HPV

cancers

even from male subjects, while others detected human
DNA in less than 50% of the samples. Interestingly, poor
human DNA detection is also linked to very low HPV
DNA detection rates [22, 27, 28], indicating that the ability
to detect human DNA in urine could have been affected by
poor sample storage and/or extraction. The majority of the
studies used human DNA as an internal control for sample
validity. In a number of public health STD screening
programs, the manipulation of urine specimens, e.g.,
providing water instead of urine, has been reported [61].
Human DNA detection could help to identify falsified
samples. However, the detection of cell-free HPV viral
particles, even in the absence of human DNA, is equally
relevant in certain settings.

It is unclear to what extent the shedding and exfoliation
of cells are influenced by the viral type and stage of HPV

infection. Payan et al. did not find any correlation between
HPV viral loads and cell levels in urine or cervical samples
[43].

Extraction, amplification, and detection of HPV DNA

The analytical sensitivity of HPV DNA detection in urine
depends on a cascade of factors that all influence the outcome:
type of urine, storage conditions, quality of DNA extraction,
amplification method, and the detection of amplified DNA. A
poorly performed step can, to a certain extent, be compensated
for by a well-performed step downstream, e.g., a very
sensitive DNA amplification (short PCR fragments in a real-
time PCR setting) may overcome mediocre extraction
conditions or the fact that DNA has been partly degraded
due to poor storage conditions.
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The possible impact of different steps can be inferred
from the results of the different studies. Vossler et al.
described that further processing the ethanol-chloroform-
extracted samples using GeneClean (BIO 101, Inc., La
Jolla, CA, USA) increased the beta-globin positivity from
45 to 95% [51]. Forslund et al. reported that crude sample
preparation, i.e., simple proteinase K treatment, resulted in
18 (male) and 56 (female) inadequate urine samples, of
which 13 and 23, respectively, became beta-globin-positive
after simple phenol-free DNA extraction [26]. Also,
Lazcano-Ponce et al. initially detected beta-globin positiv-
ity in only 14.1% of the male urine samples, whereas all 12
initially beta-globin-negative samples became positive after
extraction with a High Pure PCR template (Bochringer,
Mannheim, Germany) assay; using nested PCR, Strauss et
al. improved the detection of HPV DNA in urine from 15 to
65% [50]. Daponte et al., finally, showed that HPV
detection in urine was more sensitive by real-time PCR
than by conventional PCR [21].

Methods in which the cellular fraction of urine is
concentrated do not necessarily improve sensitivity.
Brinkman et al. compared three extraction and concen-
tration methods (QIAmp DNA Mini kit, Amicon ultra-
filtration followed by QIAamp DNA Mini Kit and 1/3
PBS dilution, Amicon ultrafiltration followed by
QlAamp DNA Mini Kit), and detected 50, 33, and
63% human DNA, respectively, in 30 previously frozen
urine samples [18]. The analyzed volumes were 200 pl,
15 ml, and 5 ml respectively. Strauss et al. detected HPV
DNA only in the supernatant and not in the pellet/
sediment in 7.8% of 89 HPV DNA-positive urine samples.
This is an unexpected finding as the pellet was resus-
pended in 500 ul of the urine supernatant [50]. Both
studies show that concentrating the urine can even
increase inhibition and/or DNA degradation by the
possible concentration of PCR inhibitors and/or DNA-
degrading proteins.

Further research is required in order to determine the
optimal extraction method.

Different forms of viral DNA can be detected in urine

The amount of viral DNA in infected cells correlates to the
life cycle and stage of infection. The basal layer contains
only low-copy numbers of viral episomes. In a productive
cycle, viral episomes are multiplied and eventually pack-
aged in viral particles, while the cells differentiate and
migrate to the epithelial surface. Cells and infectious
virions are shed from the epithelial surface during desqua-
mation. In cancer cells, viral DNA is nearly always
integrated and the productive cycle is arrested. Middleton
et al. showed with surrogate markers that LSIL or CINI
lesions are linked to the productive life cycle of the virus,
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while HSIL or CIN2 and CIN3 are indicative of abortive
infection, during which very limited viral DNA and almost
no L1, the major viral particle protein, are produced [62].

Considering the different stages of infection and possible
cell disintegration, HPV DNA can appear in urine as being
integrated in the cellular genome (cell-associated or cell-
free), as intracellular episomal DNA, as cell-associated viral
DNA-containing particles, as free viral DNA-containing
particles, or as free viral DNA.

Some authors justified the use of low-speed centrifu-
gation, which theoretically only concentrates the cellular
fraction of the urine, by arguing that the virus is largely
cell-associated. One study combined high-speed and low-
speed centrifugation to investigate the urine of men with
condylomata acuminata in the urethrae. No additional
positive samples were found by high-speed centrifuga-
tion, indicating that all samples did contain cell-
associated HPV [41]. Strauss et al. were the only group
investigating the presence of HPV DNA in the superna-
tant. Of 89 HPV DNA-positive urine samples, 58.4% had
detectable HPV DNA in the supernatant and sediment,
34.8% only in the pellet, and 7.8%, as discussed earlier,
only in the supernatant [50]. These results demonstrate
inhibition or DNA degradation in the sediment, but also
clearly indicate that non-cell-associated HPV DNA can be
found in urine.

Then again, it may be that sensitive methods do pick up
cell-free HPV DNA or cell-free HPV virions. Smits et al.,
who did not concentrate the cellular fraction by centrifuga-
tion, analyzed 200 pl of urine, a volume that easily remains
on the pellet when removing the supernatant after centrifu-
gation. They found that all samples were adequate, hence,
positive for human DNA, and detected 39.4 and 9.6% HPV
DNA in 104 HIV-positive men and 115 male controls,
respectively [48].

Washing the pellet several times with PBS to remove
potential inhibitors, as reported in a number of studies,
might reduce the possible inhibitors and DNA degradation,
but, equally so, the amount of detectable cell-free HPV
DNA.

Finally, the possibility of detecting transrenal cell-free
DNA also needs further attention. Transrenal tumor DNA
has been reported in urine from patients with colorectal
cancers and fetal DNA was detected in maternal urine [58—
60, 63]. Transrenal DNA molecules are relatively short, i.e.,
less than 250 nucleotides, and unstable in urine. With
improved storage conditions and the use of PCR primer sets
generating short amplicons, the detection of transrenal
human DNA and HPV DNA cannot be excluded.

The methods applied in the studies may have detected
different or additional forms of viral DNA, which should be
taken into account when optimizing and standardizing the
methodology.
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Relevance of HPV DNA detection in urine

The studies are highly heterogeneous with respect to the
methods used, specific settings, and tested subjects, which
may impact on the prevalence of HPV DNA in urine. It is
not possible to statistically correct for this diversity, for
instance, by using a random effects meta-regression
analysis, because the number of factors that may explain
the differences is too high compared to the number of
studies. A meta-analysis of the collected data, without
correcting for these factors, is not justifiable either, because
the diversity may have a non-random impact on variations
between studies.

However, the following trends could be observed from
the bubble plots. Graph 1 shows the HPV DNA prevalence
of the male cohorts classified according to either predefined
increased (n=15) or regular risk (n=11) of being infected.
There is a clear trend towards a higher prevalence of HPV
DNA in the urine of men with risky behavior, increased
exposure, or increased susceptibility as compared to men
without reported risk factors. Eight studies considered as
substandard also reported an HPV DNA prevalence of less
than 20% [27, 28, 32-34, 39, 41, 42, 64].

Graph 2 shows the female cohorts according to
predefined risk of being HPV DNA-positive, increased
(n=8), normal (n=5), mixed (n=1), and low (n=2).
Although limited data points are available, there is a trend
that HPV DNA prevalence in urine is correlated with
increased exposure or risk of having an HPV infection. Two
studies were considered as substandard [17, 18].

Graph 3 shows the HPV DNA prevalence in 35 cohorts
categorized according to the reported cervical lesions.
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Graph 1 HPV in urine of male subjects according to estimated risk of
being infected. The size of the bubbles is proportional to the number
of subjects tested in each group, with the largest bubble representing
313 subjects and the smallest bubble three subjects. Bubbles with a
dotted outline represent data from substandard studies with anticipated
lower detection rates, i.e., low rates of human DNA detected or HPV
PCR using less sensitive primers
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Graph 2 HPV in urine of female subjects according to estimated risk
of being infected. The size of the bubbles is proportional to the
number of subjects tested in each group, with the largest bubble
representing 3,262 subjects and the smallest bubble 12 subjects.
Bubbles with a dotted outline represent data from substandard studies
with anticipated lower detection rates, i.e., low rates of human DNA
detected or HPV PCR using less sensitive primers

There is a trend that cohorts with high-grade lesions or
cancer have a higher prevalence of HPV DNA in urine,
while the prevalence is more scattered among the different
studies in cohorts with no or low-grade lesions. Detection
rates and concordance among paired urine and cervical
samples was described by Sehgal et al., who showed that
symptomatic patients attending gynecology outpatient
departments/cancer clinics or those attending colposcopy
clinics had a high degree of concordance with the same
type of HPV in paired samples, indicative of the “contam-
ination” of urine with infected exfoliated cells [65].

To date, in most cases, the prevalence or viral load of
HPV DNA in urine has been reported to be lower than in
corresponding cervical samples. Only Jong et al. found in

% of HPVDNA positive urine samples
5 &8 & & 8
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Graph. 3 HPV DNA detection in urine of women according to
diagnosed lesions of the cervix. The size of the bubbles is proportional
to the number of subjects tested in each group, with the largest bubble
representing 315 subjects and the smallest bubbles two subjects
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HIV-positive women that the HPV DNA prevalence in
urine and cervical smear samples was 81.5 and 51.9%,
respectively [37]. Improving analytical sensitivity may
reduce the concordance with clinical sensitivity in cervical
cancer screening.

Alternative sampling can be instrumental in improving a
cervical cancer screening program. A pilot study in France
showed that the response rate of women having been
invited for a cervical smear examination substantially
increased when they were asked to provide a self-sampled
urine specimen via mail [44]. Urine samples have been
successfully used in the post-treatment follow-up of
cervical cancer [22]. Furthermore, HPV DNA testing of
urine samples can also be a convenient tool in vaccine trials
to compare pre- and post-vaccination prevalence, to detect
and follow-up incident infections, to determine the circula-
tion of the virus, and to study possible herd immunity. Two
interesting studies with women with a low risk of infection
(and a high threshold for cervical sampling) surprisingly
showed that 24% (7/29) of the group of preadolescent girls
and 6% (6/100) of the sexually inexperienced girls
produced HPV DNA-positive urine [45, 46].

Conclusion

The available studies dealing with human papillomavirus
(HPV) DNA prevalence in urine were found to be highly
diverse in their setup and applied methodology. Many
studies did not properly report on sampling, storage, sample
preparation and DNA extraction; however, the detection of
HPV DNA in urine is not as straightforward as that
assumed by many authors. The standards used for HPV
DNA detection in cervical smears may not lead to
satisfactory results when applied to urine.

The need to improve and standardize urine sampling
methods, storage conditions, sample preparation, DNA
extraction, and DNA amplification is a prerequisite for
combining data and performing meta-analyses, since all of
these factors may have an important impact on the HPV
DNA detection rates and, probably, also on the form of viral
DNA that is detected. Papers need to provide in-depth
information on the applied methods and further elaborate
on uniform testing conditions.

It is clear that HPV DNA detection in urine is a feasible
practice and a useful tool in future research, but further
optimization and standardization is required. Different
settings may require different methodologies.

Many unresolved issues remain in the field of HPV.
Since urine samples can be easily obtained by a non-
invasive self-sampling method, testing urine for HPV DNA
will definitely become a valuable approach for further
investigations in the HPV field.
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