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a b s t r a c t

Background: Urine testing for high-risk human papillomavirus (HR-HPV) detection could provide a non-
invasive, simple method for cervical cancer screening.
Objectives: We examined whether HR-HPV detection is affected by urine collection time, portion of urine
stream, or urine fraction tested, and assessed the performance of HR-HPV testing in urine for detection
of cervical intraepithelial neoplasia grade II or worse (CIN2+).
Study design: A total of 37 female colposcopy clinic attendees, ≥30 years, provided three urine samples:
“first void” urine collected at home, and “initial stream” and “mid-stream” urine samples collected at the
clinic later in the day. Self- and physician-collected brush specimens were obtained at the same clinic
visit. Colposcopy was performed and directed biopsies obtained if clinically indicated. For each urine
sample, HR-HPV DNA testing was conducted for unfractionated, pellet, and supernatant fractions using
the Trovagene test. HR-HPV mRNA testing was performed on brush specimens using the Aptima HPV
assay.
Results: HR-HPV prevalence was similar in unfractionated and pellet fractions of all urine samples. For
supernatant urine fractions, HR-HPV prevalence appeared lower in mid-stream urine (56.8%[40.8–72.7%])
than in initial stream urine (75.7%[61.9–89.5%]). Sensitivity of CIN2+ detection was identical for initial
stream urine and physician-collected cervical specimen (89.9%[95%CI = 62.7–99.6%]), and similar to self-

collected vaginal specimen (79.1%[48.1–96.6%]).
Conclusion: This is among the first studies to compare methodologies for collection and processing of
urine for HR-HPV detection. HR-HPV prevalence was similar in first void and initial stream urine, and
was highly sensitive for CIN2+ detection. Additional research in a larger and general screening population
is needed.
. Background

Progression to invasive cervical cancer (ICC) is highly pre-
entable with sufficient screening and treatment [1]. However,

creening coverage remains low in low and middle-income coun-
ries, and a notable proportion of women in high-income countries
re not screened according to current guidelines [2]. In the United

∗ Corresponding author at: Department of Epidemiology, 103 McGavren Green-
erg CB7435, University of North Carolina, Chapel Hill, NC, 27599−7435, USA.

E-mail address: JenniferS@unc.edu (J.S. Smith).

ttp://dx.doi.org/10.1016/j.jcv.2015.11.005
States (US), an estimated 56% of incident ICC is due to insufficient
screening [3]. In 2012, 11.4% of US women age 21–65 years reported
no history of screening within the preceding five years [4].

Current cervical cancer screening strategies in the US include
cytology (Pap testing) or co-testing—cytology plus testing for high-
risk human papillomavirus (HR-HPV)–which both require pelvic
examination by trained medical personnel. Self-collection of speci-
mens for HR-HPV testing can be performed outside a health facility

to increase ease of and access to screening uptake [5], and has
been found highly acceptable in different populations [6]. Urine
collection for HR-HPV detection could provide an especially simple,
non-invasive method for screening women reluctant to undergo a

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcv.2015.11.005&domain=pdf
mailto:JenniferS@unc.edu
dx.doi.org/10.1016/j.jcv.2015.11.005
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elvic examination. HR-HPV detection in urine samples and cervi-
al scrapes has been found to be similar [7,8], however, HR-HPV
revalence in urine has ranged considerably among studies, likely
ue to lack of standardization of urine collection and handling, and
ifferent HR-HPV extraction and amplification techniques [9].

Few data are available which examine differences in HR-HPV
etection in urine, stratified by time and method of collection, and
nly one study examined HR-HPV detection in supernatant versus
ellet fractions [10]. Understanding variations in HR-HPV detection

n urine by sample collection method or fractions tested is essen-
ial for developing urine collection and processing procedures for
uture screening implementation.

. Objectives

The HR-HPV detection test (HPV HR) from Trovagene (San Diego,
A) uses a preservative buffer and a novel detection assay that tar-
ets the HPV E1 region to amplify and detect short fragments of
PV DNA in urine [11]. We present here data from a pilot study

o examine HR-HPV detection in urine collected at different times
first urination of the day versus initial stream and mid-stream
ollected later the same day) and in different urine fractions (super-
atant, pellet, and unfractionated) using the Trovagene HPV HR
est. We also examine the validity of HPV testing in the different
rine samples for the detection of histologically-confirmed CIN2+.

. Study design

.1. Study population

This pilot study was conducted among 37 non-pregnant women,
30 years, who attended the colposcopy clinic at the UNC Women’s
ospital between October 2013 and May 2014 for follow-up of

esults of abnormal cytology or persistent HPV infection or treat-
ent by loop electrical excision procedure (LEEP). Potentially

ligible women were identified by chart review and contacted via
hone in advance of their clinic appointment to be invited to par-
icipate.

.2. Specimen collection

Prior to their appointment, participants were sent a urine
ollection kit consisting of a collection cup, preservative solu-
ion, illustrated collection instructions, and forms to complete
or informed consent and HIPAA authorization. Women were
nstructed to collect approximately 60 ml of urine from the begin-
ing of the stream of their first urination (“first void”) on the
orning of their clinic appointment, add preservative (8 ml of

DTA), and bring the urine sample to their appointment. At their
ppointment, participants were instructed to provide two addi-
ional urine samples: 20 ml collected at the beginning of the urine
tream (“initial stream”), and 60 ml collected from the middle of
he same stream (“mid-stream”). Study staff added the preservative
8 ml of EDTA) immediately to urine samples following collection
11,12].

Participants then self-collected a cervicovaginal sample by
nserting a Viba brush (Rovers Medical Devices BV, The
etherlands) into the upper vagina, rotating and removing it,
nd placing the brush head directly into Aptima sample transport
edium (Hologic Inc., Bedford, MA). Following self-collection, par-

icipants completed a questionnaire collecting demographic and

cceptability measures. Participants then underwent pelvic exam,
uring which the physician collected a cervical sample using the
iba brush and preserved it in Aptima medium for HR-HPV test-

ng, and then a colposcopic examination was performed. Cervical
disease status of the women was based on histological analysis of
the tissue. Directed biopsies were performed in women with vis-
ible lesions and treatment by LEEP was performed, as indicated.
Women without visible lesions were categorized as disease nega-
tive (<CIN2) for data analyses.

Urine samples were shipped overnight to Trovagene for HR-HPV
DNA testing. Physician- and self-collected specimens were shipped
to Hologic for HR-HPV mRNA testing. Cervical biopsies and tissues
removed during LEEP underwent histological assessment at UNC
and were classified using standard pathology grading. Women were
referred to follow-up screening or treatment per standard clinic
procedures. This study was approved by the Institutional Review
Board at UNC-Chapel Hill.

3.3. Laboratory analyses

For each woman, a total of nine HR-HPV urine test results were
obtained: three urine fractions (unfractionated, pellet, and super-
natant fractions) were tested from each of the three urine samples
(first void, initial stream, and mid-stream). Urine samples were
shaken and 0.5 ml removed as the “unfractionated” aliquot. Up to
40 ml of the sample was then centrifuged to obtain “pellet” and
“supernatant” fractions. The pellets were resuspended in 0.5 ml of
supernatant. DNA was extracted from 0.5 ml of each fraction using
the QIAamp MinElute Virus Vacuum Kit (QIAGEN, Germantown,
MD) per the manufacturer’s instructions. Isolated DNA (5 ul) was
tested with the HPV HR test (Trovagene Inc., San Diego, CA), which
amplifies a conserved region in the E1 gene of 13HR-HPV genotypes
(16,18,31,33,35,39,45,51,52,56,58,59 and 68), as well as RNaseP
(control). Amplicons were subjected to capillary electrophoresis for
fragment size analysis on the ABI 3130 instrument (ThermoFisher,
Carlsbad, CA). The limit of detection of the Trovagene assay is 500
copies of high-risk HPV DNA.

Physician- and self-collected specimens were tested for HR-
HPV mRNA using the Aptima HPV assay, which qualitatively
detects E6/E7 mRNA of 14HR-HPV types (16,18,31,33,35,39,45,51,
52,56,58,59,66 and 68) [13].

3.4. Statistical analyses

HR-HPV prevalence estimates, with 95% confidence intervals
(CIs), were calculated for each urine sample type and fraction. We
conducted pairwise comparisons with McNemar’s test to assess dif-
ferences in HR-HPV prevalence between urine sample types (by the
same fraction) and between urine fractions (within same sample).
Cohen–Kappa values were calculated to assess agreement between
urine samples. Median unbiased estimates and associated mid-P
95% CIs were computed for sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) for CIN2+
detection, stratified by sample type [14]. Given the small sam-
ple size of this study, median-unbiased estimates were chosen to
provide better approximations to large-sample analyses than maxi-
mum likelihood estimates. Generalized Estimating Equations (GEE)
accounting for repeated measures and chi-square test of equal
proportions were used to assess differences in participants’ pref-
erences of urine versus brush self-collection.

4. Results

4.1. Participant characteristics

Median participant age was 42 years (range 30–63 years);

most (N = 15; 41%) were non-Hispanic White, 12(32%) were His-
panic, and 9(24%) were African-American, with one unspecified.
Most women had a high school education or greater (n = 29; 78%)
and were unmarried [11(30%) single; 10(27%) divorced/separated].



Table 1
High-risk (HR) human papillomavirus (HPV) results, stratified by urine collection times and urine fractions testeda.

Type of urine sample HR-HPV positive women, N (%)

First morning void at home (N = 37) Initial stream sample at clinic (N = 37) Mid-stream sample at clinic (N = 37)

No. HR-HPV+ (%) 95% CI No. HR-HPV+ (%) 95% CI No. HR-HPV+ (%) 95% CI

Urine fraction
Unfractionated 24 64. 9 (49.5–80.2) 27 73.0 (58.7–87.3) 26 70.3 (55.5–85.0)
Pellet 25 67.6 (52.5–82.7) 29 78.4 (65.1 91.6) 27 73.0 (58.7–87.3)
Supernatant 27 73.0 (58.7–87.3) 28 75.7 (61.9–89.5) 21 56.8 (40.8–72.7)
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a A total of nine HR-HPV test results were obtained for each participant: three dif
ach of the three urine sample types (morning void, initial stream and mid-stream)

ine women (24%) had private insurance, 9(24%) had medi-
aid/medicare, and 19(51%) were uninsured.

.2. HR-HPV detection, stratified by urine sample type and by
rine fraction

HR-HPV prevalence was similar in unfractionated portions of
he three types of urine samples: 64.9%(49.5–80.2%) in first void,
3.0%(58.7–87.3%) in initial stream, and 70.3%(55.5–85.0%)

n mid-stream (p-value range for pairwise comparisons:
.26–0.80)(Table 1, Appendix A). HR-HPV detection was sim-

lar in all pellet fractions: 67.6%(52.5–82.7%) in first void,
8.4%(65.1–91.6%) in initial stream, and 73.0%(58.7–87.3%) in mid-
tream (p-values range: 0.102–0.414). In supernatant fractions,
R-HPV prevalence was similar for first void (73.0%[58.7–87.3%])
nd initial stream (75.7%[61.9–89.5%]) samples, albeit lower in
id-stream samples (56.8%[40.8–72.7%]) than in initial stream

amples (p-value = 0.035).
HR-HPV prevalence estimates for unfractionated, pellet, and
upernatant fractions were similar within the first void and
nitial stream samples. However, in mid-stream samples, HR-
PV prevalence in supernatant fractions (56.8%[40.8–72.7%]) was

ignificantly lower than in pellet fractions (73.0%[58.7–87.3%])(p-

ig. 1. Sensitivity, specificity, PPV, and NPV for CIN2+ detection by different tests among 37
redicted value. Estimates are median unbiased estimates and corresponding mid-P 95% c
ample.
fractions (unfractionated (not centrifuged), pellet and supernatant) obtained from
cted per participant.

value = 0.034), but was not different from unfractionated samples
(70.3%[55.5–85.0%])(p-value = 0.062).

4.3. Detection of high-grade cervical lesions

The validity of HPV testing performance on urine for CIN-2+
detection was assessed using the unfractionated initial stream
samples, given that HR-HPV prevalence in unfractionated urine
samples was similar to other fractions and prevalence in ini-
tial stream was similar to other sample types. The sensitivity
of HR-HPV DNA testing in urine for CIN2+ detection was high
(89.9%[95% CI = 62.7–99.6%]), identical to that of mRNA testing of
physician-collected specimens, and comparable to that of self-
collected genital specimens (79.1%[48.1–96.6%]) (Fig. 1). Specificity
of HR-HPV DNA in urine was relatively low (34.8%[18.4–54.1%]),
but comparable to specificity of HR-HPV mRNA testing on
physician-collected (42.4%[24.6–61.6%]) and self-collected gen-
ital specimens (46.2%[27.9–65.2%]). HR-HPV testing in urine,
self-collected, and physician-collected specimens had low, but
comparable PPVs of 37.2%(20.6–56.2%), 38.3%(19.5–59.8%) and

40.1%(22.4–59.8%), respectively. NPV estimates for all tests were
high: 88.9%(59.7–99.5%) for urine, 84.9%(60.3–97.6%) for self-
collected specimens and 90.7%(65.3–99.6%) for physician-collected
specimens.

women attending a colposcopy clinic PPV= Positive predicted value; NPV = Negative
onfidence intervals. Urine results shown are for initial stream unfractionated urine



Fig. 2. Acceptability of urine versus brush self-collection for HR-HPV detection among 37 women attending a colposcopy clinic*.
* Data are proportions and corresponding 95% confidence intervals.
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P-value for test of equal proportions (Generalized Estimating Equations account
ostly negative = 1. N for brush self-collection: mostly positive = 23; neutral = 11; m
P-value for chi-square test of equal proportions. N for urine preference = 29; brush

.4. Acceptability of HR-HPV testing in urine

A greater proportion of participants reported having mostly pos-
tive feelings about urine collection than brush self-collection (89%
ersus 65%), and more women reported neutral or negative feel-
ngs about brush self-collection than urine collection (neutral = 8%
ersus 30%, and mostly negative = 3% versus 5%, respectively) (GEE
-value = 0.017) (Fig. 2). Most women (n = 29, 78.4%) preferred urine
ollection to brush self-collection (chi-square p-value < 0.001) and
eported being comfortable with receiving the urine collection kit
n the mail (n = 32, 86.5%).

. Discussion

Given that HR-HPV testing was approved by the FDA in April
014 for primary screening of women ≥25 years, further eval-
ation of urine-based HR-HPV testing is increasingly important
15]. This pilot study examining HR-HPV detection in a referral
opulation had a number of important findings. First, HR-HPV
revalence was similar in first void urine collected at home in the
orning, compared to that of initial stream and mid-stream urine

ollected later in the day. Second, unfractionated, pellet, and super-
atant fractions of the first void and initial stream urine yielded
imilar HR-HPV prevalence estimates; however, mid-stream urine
upernatant fractions had lower HR-HPV prevalence estimates than
nfractionated and pellet urine fractions. Third, sensitivity, speci-
city, PPV, and NPV estimates of CIN2+ detection by HR-HPV DNA
esting of urine were similar to respective values obtained for
R-HPV mRNA testing in both physician- and self-collected brush

pecimens. Lastly, urine collection was highly acceptable and pre-
erred to brush self-collection among participating women.

To our knowledge, only one other pilot study among 10 Bel-
ian women has compared HR-HPV detection in different urine
amples within the same population of women [10]. Our results
howing no difference in HR-HPV detection for first void, initial
tream, and mid-stream urine for unfractionated and pellet frac-
ions are in contrast to those from the Belgian study that found
igher HR-HPV DNA detection in initial stream than in mid-stream
amples [10]. This difference in findings is likely due to variations
n laboratory procedures such as DNA extraction, amplification and
etection. This Belgian study also found lower HR-HPV DNA detec-

ion in supernatant urine than in pellet urine fractions, which is
onsistent with our finding of lower HR-HPV DNA prevalence in
id-stream supernatant fractions than in unfractionated or pellet

ractions (Table 2).
repeated measures). N for urine self-collection: mostly positive = 32; neutral = 3;
negative = 2. One woman did not report overall feelings about self-collection.
rence = 5; no preference = 3.

A recent meta-analysis comparing HR-HPV detection in urine
versus cervical scrapes found higher sensitivity and specificity
for HR-HPV detection in eight studies using first void urine sam-
ples compared to four studies using random or mid-stream urine
samples [8]. Interpretation of these meta-analysis results remains
unclear as some studies defined “first void” as the first urine
sample of the day while others defined it as an initial stream col-
lected later in the day. Furthermore, variations in findings from the
meta-analysis may be due to differences in study populations and
laboratory procedures among studies examined.

To our knowledge, our pilot study is the first to examine HR-HPV
DNA detection in first void samples collected from first urination in
the day compared to initial stream urine collected later in the same
day from the same women. Since the interval from previous uri-
nation is likely to be longer with first void samples, it has been
hypothesized that more exfoliated cells and subsequently more
HR-HPV DNA may be obtained from first void as compared to ini-
tial stream urine collected later in the day [16]. In contrast to this
hypothesis, our study found no difference in HR-HPV DNA in first
void versus initial stream urine for any of the fractions tested per
our collection protocol, suggesting that initial stream urine col-
lected later in the day may be equally suitable for HR-HPV DNA
detection. These findings have high clinical relevance, as the use
of initial stream samples allows for sample collection similar to
current practice for Chlamydia trachomatis or Neisseria gonorrhoeae
testing, which requires an interval of only 1.5 h since last urination
and does not restrict the time of day for urine collection [17].

The high sensitivity for CIN2+ detection by HR-HPV DNA testing
in urine (90%) observed in our study is consistent with findings from
another pilot study of 72 colposcopy patients that found sensitivity
(92%) for CIN2+ detection with a prototype Trovagene urine-based
assay [12]. These relatively high sensitivity estimates may be due
to the preservation of DNA in the urine sample by inhibition of
nucleases and the relatively small amplicon size. Similar studies
conducting urine HPV testing among colposcopy patients using
different HPV assays have found varying results. Song et al. found
sensitivities of 70.8% and 62.8% for women with cervical carcinoma
and CIN (grade unspecified), respectively, using a PCR-based DNA
microarray chip system (Biomedlab, Co.; Seoul, Korea) [18]. Sell-
ors et al., found sensitivity of 44.8% for CIN2+ detection using the
Hybrid Capture 2 (HCII) assay (QIAGEN, Gaithersburg, MD) [19].
Specificity for <CIN2+ detection from urine in this study (34%)
was low, but comparable to specificity of HR-HPV mRNA testing for
physician-collected (42.4%) and self-collected specimens (46.2%),



Table 2
Cervical Cancer Screening test results for 37 women attending a colposcopy clinic,
stratified by participant histology.

Cervical cancer screening teste Histologya

CIN2+ (N = 11) <CIN2 (N = 26) Overall (N = 37)

HR-HPV detection in unfractionated urineb

First void sample
Positive 9 (81.8%) 15 (57.7%) 24 (64.9%)
Negative 2 (18.2%) 11 (42.3%) 13 (35.1%)

Initial stream sample
Positive 10 (90.9%) 17 (65.4%) 27 (73.0%)
Negative 1 (9.1%) 9 (34.6%) 10 (27.0%)

Mid-stream sample
Positive 10 (90.9%) 16 (61.5%) 26 (70.3%)
Negative 1 (9.1%) 10 (38.5%) 11 (29.7%)

HR-HPV detection in pellet urine fractionsb

First void sample
Positive 9 (81.8%) 16 (61.5%) 25 (67.6%)
Negative 2 (18.2%) 10 (38.5%) 12 (32.4%)

Initial stream sample
Positive 10 (90.9%) 19 (73.1%) 29 (78.4%)
Negative 1 (9.1%) 7 (26.9%) 8 (21.6%)

Mid-stream sample
Positive 10 (90.9%) 17 (65.4%) 27 (73.0%)
Negative 1 (9.1%) 9 (34.6%) 10 (27.0%)

HR-HPV detection in supernatant urine fractionsb

First void sample
Positive 10 (90.9%) 17 (65.4%) 27 (73.0%)
Negative 1 (9.1%) 9 (34.6%) 10 (27.0%)

Initial stream sample
Positive 11 (100.0%) 17 (65.4%) 28 (75.7%)
Negative 0 9 (34.6%) 9 (24.3%)

Mid-stream sample
Positive 9 (81.8%) 12 (46.2%) 21 (56.8%)
Negative 2 (18.2%) 14 (53.8%) 16

Self-collection for HR-HPV detectionc,d

Positive 8 (80.0%) 13 (52.0%) 21 (56.8%)
Negative 2 (20.0%) 12 (48.0%) 14 (37.8%)

Physician-collection for HR-HPV detectionc

Positive 10 (90.9%) 15 (57.7%) 25 (67.6%)
Negative 1 (9.1%) 11 (42.3%) 12 (32.4%)

a CIN2+ = cervical intraepithelial neoplasia Grade 2 or more severe. Women with
no visible lesions at colposcopy were categorized as disease negative (<CIN2) for
data analyses. Directed biopsies were performed in women with visible lesions to
determine the histological grade of the lesions (CIN2+ or <CIN2).

b Trovagene test used for HR-HPV DNA detection in all urine testing.
c Aptima assay used for HR-HPV mRNA detection in self- and physician-collected

brush samples.
d Two participants had invalid HR-HPV test results for self-collected samples.
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Numbers and percentages may not sum up to totals due to missing values and
ounding.

et somewhat lower than estimates from the Sellors et al. study
69.7%) 19].

Strengths of our study include the ability to compare HR-HPV
etection within and across three different urine sample types and
hree different urine fractions, and to mRNA detection in physician-
nd self-collected genital specimens for CIN2+ detection for each
atient. This study provides information on reported acceptabil-

ty of and preference for urine versus brush self-collection, and of
elivery of urine collection kits by mail, which could inform future

mplementation. Study limitations include the lack of a HR-HPV
NA comparison test on the genital specimens collected in this

tudy; however, the Aptima HPV assay has been repeatedly shown
o have high sensitivity and specificity for CIN2+ detection [20,21].
appa values for agreement in HR-HPV detection between urine
amples were moderate; this is likely due to the fairly high HR-HPV

revalence and moderate prevalence index that can lower kappa
stimates [22]. Our study was conducted in a high-risk colposcopy
opulation, with a small sample size. These findings for the validity
of the Trovagene HPV HR test need to be confirmed in a larger study
of a general screening population.

This pilot study found that HR-HPV DNA detection in urine by
the Trovagene HPV HR test in three different fractions from first
void and initial stream urine was highly sensitive for the detection
of CIN2+ in colposcopy patients. Though further validation studies
are needed in larger population-representative samples of women,
findings suggest that HR-HPV testing via non-invasive, simple, and
highly acceptable urine sampling may be a viable method for cer-
vical cancer screening, particularly in hard-to-reach populations or
in limited-resource settings.
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