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Objective: This study investigated whether random urine (RU) samples can be used to accurately identify human papillomavirus
(HPV) and whether these samples can replace self-collected vaginal samples in HPV tests.

Methods: A total of 167 patients with abnormal Pap smears were recruited. The patients provided self-collected vaginal and RU
samples for HPV testing. Clinicians obtained cervical samples from the patients. Colposcopy examination and cervical biopsy were
performed. Hybrid Capture II (HC II) and Cervista tests were used to detect HPV in the RU samples.

Results: The results of tests on clinician-collected cervical samples were used as the benchmark. The sensitivities of the Cervista tests
on vaginal samples and the HC II and Cervista tests on RU samples were 75.00%, 49.07%, and 44.44%, respectively. After we
adjusted the HPV detection cutoff value for urine samples based on values in the receiver operating characteristic curve, the
sensitivities of the HC II and Cervista tests increased to 63.89% and 58.33%, respectively. In 167 patients, 59 had cervix biopsies
showing CIN2 or worse (CIN2+). For CIN2+, the sensitivity was 47.5% and 50.8% in the HC II and Cervista tests on RU samples,
respectively.

Conclusion: HPV tests on RU samples had approximately 60% sensitivity to HPV tests on clinician-collected cervical samples after
the cutoff values were adjusted. For CIN2+, the sensitivity was only approximately 50%. Further studies and improvements in urine-
based HPV testing are needed to establish it as a more convenient and accessible method for detecting HPV and cervical dysplasia in
patients.
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Introduction

Multiple studies have consistently demonstrated that human papillomavirus (HPV) testing, either alone or in conjunction
with cervical cytology, offers higher sensitivity in detecting high- or low-grade cervical histopathology compared to
cervical cytology alone.'! Furthermore, a review article suggests that HPV testing on self-collected vaginal samples
presents a promising approach to reaching women who are not actively participating in regular screening programs.>
Despite the potential benefits of self-collected vaginal HPV testing, the uptake remains significantly low. For instance, in
Taiwan, the Ministry of Health and Welfare provides self-collected vaginal HPV test kits to women who have not
undergone a Pap smear in the past 6 years; however, only a mere 1.6% of women utilized these test kits.® The underlying
reason for this limited adoption could be attributed to various psychosocial factors that warrant further exploration.

An HPV test using a self-collected urine sample, which is non-invasive, would likely be more popular® and lead to
better population coverage in screening programs for individuals who are reluctant to receive a cervical Pap smear or
obtain their own vaginal samples. Previous research has consistently demonstrated a significant level of agreement,
ranging from 75% to 100%, between paired cervical and urine samples when testing for any type of HPV.>® The
sensitivity of using urine HPV testing to detect CIN2 or higher lesions varies widely in previous studies, with reported
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rates ranging from 63% to 89.9%.” "' To enhance the accuracy of HPV testing, most studies have opted to utilize first-
void urine (FVU) samples, considering them to yield the most reliable results.'>!3 In certain cases, researchers have even
mandated the collection of urine samples as first-void specimens of the day to ensure the highest possible precision.'*!
Additionally, compliance with FVU sampling protocols tends to be lower compared to random urine (RU) sampling,
possibly indicating that individuals may be more inclined to provide random urine samples due to the less stringent
collection requirements.

Hence, this study aimed to examine the identification of HPV through the application of Hybrid Capture 11 (HC II)
(QIAGEN, Gaithersburg, MD, USA) and Cervista (Hologic, Inc., Bedford, MA) tests on random uterine (RU) samples,
extracted from individuals with abnormal Pap smear results. Furthermore, it drew comparisons between these findings
and the outcomes of Cervista tests conducted on self-collected vaginal samples, as well as tests conducted on cervical

samples collected by clinicians.'®!”

Materials and Methods

From May 2014 to December 2015, 252 patients attending a colposcopic clinic due to abnormal Pap smears were invited
to participate in this study. The diagnostic criteria for abnormal Pap smears included atypical squamous cells, atypical
glandular cells, low-grade squamous intraepithelial lesions, high-grade squamous intraepithelial lesions, adenocarcinoma
in situ, adenocarcinoma, or squamous cell carcinoma. Patients who were pregnant, younger than 20 years old, lacking
a formal cytology report, or diagnosed with cervical sarcoma or endometrial cancer with cervical involvement were
excluded. Informed consent was obtained from the patients after explaining the study, and enrollment and sample
collection were conducted. This study was approved by the Taichung Veterans General Hospital institutional review
board before enrolling any patient, with approval number 1047904. Out of the 252 patients, 34 were excluded due to
meeting the exclusion criteria, and an additional 51 patients declined to participate in the trial. Therefore, a total of 167
patients eventually joined the study. A flowchart describing the selection of the study population is shown in Figure 1.

Specimen Collection

Each patient provided two urine samples, one for the HC II test and the other for the Cervista test, after collecting
approximately 30 mL of random urine (RU). Additionally, a vaginal sample was obtained using the Rovers Cervex-Brush
by Cervista. During the pelvic examination, the clinician collected a cervical sample using the Digene cervical brush,
preserved in medium for the HC II test. Subsequently, patients underwent colposcopy, a visual inspection of the cervix
and vaginal walls using a colposcope, to identify abnormalities. Diagnosis involved identifying specific tissue character-
istics and performing biopsies to confirm findings.'® The cervical disease status was determined based on histological
analysis of the tissue samples."’

Laboratory Analyses
Method of HPV DNA Tests by HC |l

HC II is a commercial HPV detection test designed to detect 18 types of HPV. The viral load of HPV DNA was estimated
by the ratio of relative light units to positive control values in the samples. A ratio of 1.0 or greater was regarded as
positive for HPV DNA.'”

Method of HPV DNA Tests by Cervista

The Cervista test is a diagnostic test for the qualitative detection of DNA from 14 high-risk types of HPV. It uses a signal
amplification method for detection of specific nucleic acid sequences. A signal to noise value is generated for each of the
3 mixes and is referred to as HPV fold-over-zero (FOZ). If the HPV FOZ ratio is equal to or greater than 1.525, the
sample is considered positive for HPV.'®

Statistical Analyses
With the cervical HPV test cutoff used as the benchmark, the performance of the tests applied to the vaginal samples and
RU samples were evaluated by calculating the sensitivity and specificity for the presence of HPV as determined by the
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252 patients with abnormal Pap smear

34 patients meet the exclusion criteria

l 51 patients declined to participate

167 patients participated in this study

l

1. Self-collected urine 30 cc for HPV test by HC Il and

Cervista

2. Self-collected Rovers Cervex-Brush by Cervista

|

Cervical sampling for HC Il HPV test by clinician

l

Colposcopic examination based on clinical indications

|

Result of colposcopic biopsy

Figure | A flowchart describing the selection of the study population.

tests on the cervical samples. The study also assessed the sensitivity and specificity of tests on both vaginal and RU
samples for detecting cervical intraepithelial neoplasia 2 or worse (CIN2+), a diagnosis dependent on identifying
moderate abnormal cell changes in cervical tissue via cervix biopsy.'® The receiver operating characteristic (ROC)
curve is a curve representing the performance of a classification model at all classification thresholds. In this study, the
ROC curve was utilized to determine the optimal diagnostic cutoff point for the HC II and Cervista tests when applied to
RU samples. Following this, the sensitivity and specificity of the tests applied to the RU samples for detecting CIN2+
were recalculated based on the identified optimal cutoff value. To assess the significance of the relative sensitivity and
specificity, McNemar’s test was employed with a significance threshold set at 0.05. Additionally, the concordance
between RU, vaginal, and cervical samples was measured using Cohen’s Kappa. Statistical analyses were performed
using SPSS 13.0 software (SPSS, Chicago, IL).

Results

Ultimately, the study encompassed a total of 167 patients, all exhibiting abnormal Pap smear results. Among them, 108
(64.6%) patients tested positive for HPV using the HC II test on cervical samples, which served as the benchmark. The
Cervista tests on vaginal samples showed a sensitivity and specificity of 75.0% and 74.5%, respectively. On the other
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hand, the HC 1II tests on RU samples had a sensitivity and specificity of 49.0% and 71.1%, respectively, while the
Cervista tests on RU samples had a sensitivity and specificity of 44.4% and 81.3%, respectively (Table 1).

In 167 patients, 59 had cervix biopsies showing CIN2 or worse (CIN2+). For detecting biopsy-proven CIN2+, the
Cervista tests on vaginal samples had a sensitivity of 67.8% and specificity of 48.1%. However, both the HC II and
Cervista tests on RU samples showed low sensitivity, approximately 39%, with specificities of 56.5% and 66.7%,
respectively (Table 2).

Due to the unsatisfactory sensitivity of the RU samples, adjustments were made to increase sensitivity. Since the HPV
viral load in urine is lower than in the cervix due to fewer exfoliated epithelial cells from voiding, the HPV-positive
threshold was reduced to improve sensitivity.

After analyzing the data using statistical software, the ROC curve determined an optimal cutoff of 0.61 for the HC 11
test on RU samples, resulting in a sensitivity of 63.8% and specificity of 59.3% for detecting HPV infection status. For
the Cervista test on RU samples, the adjusted cutoff of 1.23 yielded a sensitivity of 58.3% and specificity of 71.1%
(Table 3).

Using the adjusted cutoff values, the sensitivity and specificity for detecting CIN2+ in the HC II test on RU samples
were 47.5% and 39.8%, respectively, while for the Cervista test on RU samples, the sensitivity and specificity were
50.8% and 53.7%, respectively (Table 4).

Comparing the tests on vaginal and RU samples to the benchmark of cervical samples, the relative sensitivity and
specificity for CIN2+ were 0.75 and 0.74, respectively, for tests on vaginal samples, with a P value of 0.09, indicating no
significant difference. Similarly, there was no significant difference between HC II tests on RU and cervical samples,

Table | Absolute Sensitivity and Specificity for Detecting HPV Using Clinician-Collected
Cervical Samples Using Original Cervical HPV Cutoff. Number of Studies: 167

Original Cutoff Sensitivity | Specificity
Patient-collected vaginal sample by Cervista | >1.525 (FOZ) 75.0% 74.5%
Random urine sample by HC Il >| (RLU ratio) 49.0% 71.1%
Random urine sample by Cervista >1.525 (FOZ ratio) | 44.4% 81.3%

Abbreviations: FOZ, fold-over-zero; RLU, relative light units.

Table 2 Absolute Sensitivity and Specificity for Detecting CIN2+ Using
Original Cervical HPV Cutoff. Number of Studies: 167

CIN2+

Sensitivity Specificity
Self-collected vaginal sample by Cervista 67.8% 48.1%
Random urine sample by HC II 39.0% 56.5%
Random urine sample by Cervista 39.0% 66.7%

Abbreviation: CIN2+, cervical intraepithelial neoplasia 2 or worse.

Table 3 Sensitivity and Specificity for Detecting HPV in Clinician-Collected Cervical Samples Using Adjusted

(Optimal) HPV Cutoff. Number of Studies: 167

AUC 95% ClI Optimal Cutoff Sensitivity Specificity
Random urine sample by HC Il 0.63 0.56-0.71 >0.61 (RLU) 63.8% 59.3%
Random urine sample by Cervista 0.67 0.60-0.74 >1.23 (FOZ) 58.3% 71.1%

Abbreviations: AUC, area under the curve; Cl, confidence interval; FOZ, fold-over-zero; RLU, relative light units.
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Table 4 Absolute Sensitivity and Specificity for Detecting CIN2+ in
Random Urine Samples Using Adjusted Cutoff. Number of Studies: 167

Adjusted Cutoff CIN2+

Sensitivity Specificity
Random urine sample by HC I 47.5% 39.8%
Random urine sample by Cervista 50.8% 53.7%

Abbreviation: CIN2+, cervical intraepithelial neoplasia 2 or worse.

with a relative sensitivity of 0.63 and relative specificity of 0.59. However, relative to tests on cervical samples, Cervista
tests on RU samples had a relative sensitivity of 0.58 with a significant P value of 0.001, indicating a noticeable
difference (Table 5).

The observed concordance between HC II tests on RU and cervical samples, as well as Cervista tests on RU samples,
was low at only 38%, with a Kappa value of approximately 0.22 (Table 6).

Table 5 Relative Sensitivity and Specificity for Self-Collected Sample
versus Clinician-Collected Sample. Number of Studies: 167

SCV vs CS

Relative sensitivity Relative specificity Pmen

CIN2+ 0.75 0.74 0.090

RU by HC Il vs CS

Relative sensitivity Relative specificity Pmcn

CIN2+ 0.63 0.59 0.078

RU by Cervista vs CS

Relative sensitivity Relative specificity Pmcn

CIN2+ 0.58 0.71 0.001

Abbreviations: SCV, self-collected vaginal sample; CS, clinician-collected sample; RU, random
urine sample; CIN2+, cervical intraepithelial neoplasia 2 or worse; Mcn, McNemar test.

Table 6 Concordance Between Random Urine Samples and Clinician-Collected Cervical
Samples. Number of Studies: 167

HPV-(no.) | HPV+(no.) | Concordance % | Kappa | 95% CI

Urine HCII (>0.61)

CS HPV- 35 24 38 0.22 (0.07-0.37)

HPV+ 39 69

Urine Cervista (>1.23)

(&N HPV- 42 17 37 0.26 (0.12-0.41)

HPV+ 45 63

Abbreviations: CS, clinician-collected cervical sample; HPV+, human papillomavirus positive; HPV-, human papillomavirus
negative; Cl, confidence interval.
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Discussion

Exploring HPV testing in urine serves as an alternative approach due to the limitations of conventional microscopy-based
techniques reliant on identifying morphological markers within cervical cells. Self-collected cervicovaginal samples
often lack sufficient cell content and are mixed with vaginal cells, leading to suboptimal morphological quality and
reduced sensitivity. These same issues apply to urine samples. Therefore, when utilizing vagina or urine as the sample for
HPV testing, the focus shifts from examining cells to detecting the presence of HPV itself.?’

In the present study, the sensitivity of the test on self-collected vaginal samples was found to be 75% when the test on
clinician-collected cervical samples was used as the benchmark. Additionally, the sensitivity for detecting CIN2+ was
67.8%. For the tests on RU samples, the sensitivity was improved to approximately 60% after adjusting the cutoff values.
However, despite the increase in sensitivity, the test results did not show a strong correlation with the pathological findings.

A previous meta-analysis reported that the sensitivity of tests on vaginal samples ranged between 51% and 93% for
CIN2+ in primary screenings, and their pooled sensitivity estimates were 76% for CIN2+.>' Another meta-analysis
verified the sensitivity of high-risk HPV (hrHPV) assays conducted on vaginal samples for CIN2+; this was based on
findings on signal amplification of between 69% and 82% with a pooled absolute sensitivity of hrHPV assays for CIN2+
of 77%,%* which is comparable to our findings.

The rationale behind using urine samples for HPV detection stems from the potential to capture HPV-containing
mucus and cellular debris shed from exfoliated cells in the female genital organs, which can be found in the urinary flow.
Consequently, the first void urine (FVU) is preferred as it contains a higher concentration of HPV DNA compared to
random or midstream urine, due to its ability to collect most of the cellular debris from the urogenital tract. Hence, in
most studies, the first void urine is used as the specimen for HPV testing.?*** In a systematic review and meta-analysis,
the individual sensitivities and specificities for detecting any HPV in first void urine ranged from 54% to 99% and 67% to
99%, respectively. Similarly, for the detection of high-risk HPV in first void urine, the individual sensitivities ranged
from 51% to 92%, and the specificities varied from 59% to 98%."* Another study demonstrated a correlation in the
incidence of high-risk HPV DNA between FVU and cervical smear samples, ranging from 79% to 80%.% Furthermore,
among patients with a positive urine test for high-risk HPV, 94.3% showed pathologic findings of CIN2/3.® This
indicates that first void urine samples are as reliable as vaginal and cervical samples for HPV detection.”® Sometimes,
FVU is defined as the first void urine of the day rather than the initial stream of urine.?* The concordance between HPV
detection tests using cervical and first urine of the day samples ranged from 81.2% to 86.1%, which is similar to that
obtained using first void urine samples collected later in the day.'* A study by Pattyn et al showed no difference in HPV
DNA concentration between FVU collected in the morning and FVU collected later in the day.'®

These findings collectively indicate that tests using first void urine (FVU) samples have high sensitivity. However,
incorporating FVU sampling into population screening is not practical due to a considerable decrease in compliance once
patients leave the clinic. FVU sampling is less convenient, especially for older adults and dependent individuals, as
compared to random urine (RU) sampling. Moreover, verifying that a urine sample is truly FVU is challenging, and often
midstream or RU samples are collected instead, despite FVU being requested. Unfortunately, data from midstream or RU
samples may not provide conclusive results. Senkomago demonstrated that the detection of HPV was similar among tests
on first-void, initial, and midstream urine samples.'! However, a meta-analysis reported that tests on FVU samples were
significantly more sensitive than those on midstream or RU samples, with a sensitivity of 89.0% (confidence interval
(CD: 75.3% to 95.5%) for FVU samples versus 73.9% (CI: 68.3% to 78.8%) for non-FVU samples.27 In the present
study, the sensitivity of HPV tests on RU samples was relatively low (49.07% by HC II and 44.44% by Cervista)
compared to tests on FVU samples reported in the literature and compared to tests on vaginal samples.

In a previous study, various methods were investigated to enhance the detection rate of HPV DNA in urine. These
methods included the addition of a chelating agent to the sample, processing an adequate volume of urine, and ensuring
proper storage and extraction to prevent DNA degradation.”® In our study, we aimed to identify additional approaches to
increase the sensitivity of HPV tests on urine samples, specifically by adjusting the threshold for HPV positivity. Given
that the concentration of HPV in urine is generally lower than in cervical samples, we utilized an ROC curve to determine
the optimal cutoff value for HPV-positive urine. While focusing on higher sensitivity for HPV detection in RU samples,
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we aimed to maintain an acceptable level of specificity without compromising it. The statistical software was utilized to
find the optimal cutoff value. Following the adjustment, the sensitivity of the tests using urine samples increased to 60%,
with specificities of 59.3% for the HC II test and 71.1% for the Cervista test on RU samples. However, these values were
still lower than those obtained from the test on vaginal samples. Furthermore, the concordance between the tests
conducted on cervical and RU samples was approximately 37%—38%, which was a disappointing result.

The correlation between HPV test results on urine samples and the presence of cervical intraepithelial lesions remains
uncertain. Some studies have reported promising results, while others have shown varying sensitivity and specificity
rates. In a cross-sectional study, HPV-positive rates in FVU samples were found to be more than 84% for histology-
confirmed CIN1+ and more than 90% for histology-confirmed CIN2+.The sensitivity for detecting CIN2+ in urine
samples was reported to be 93%.” In another cross-sectional study, the sensitivity for detecting CIN2+ using different
HPV tests on urine samples was reported to be 83% and 88%, respectively.”’ However, not all studies have shown such
high sensitivity in urine-based HPV detection for CIN. For example, in a PaVDaG study, the sensitivity for detecting
CIN2+ was only 63.1% with HPV detection on urine samples.'® Cho et al also reported lower sensitivities of 66.41% and
73.28% using different HPV commercial kits on FVU samples, with specificities of 32.14% and 46.43%, respectively.*’
In our current study, we made adjustments to the cutoff values and observed that the sensitivities of the HC II and
Cervista tests on RU samples for detecting CIN2+ were 47.5% and 50.8%, respectively. These results were found to be
lower than the sensitivity of 67.8% obtained when using tests on vaginal samples.

The experimental results were deemed unsatisfactory for several reasons. First, for the sake of simplicity, we did not
include a chelating agent in the urine samples, and we utilized only 15 mL of urine in each test. This might have contributed
to a decreased sensitivity of the tests as demonstrated in previous research.”® Second, not all tests were conducted on all
specimens, making interspecimen comparisons challenging, particularly when the tests used were different. If these
shortcomings can be improved, it is possible that the experimental results could be enhanced, allowing the use of random
urine samples to detect HPV infection and cervical dysplasia in patients. Furthermore, recent studies have shown that
patients who have undergone conization due to cervical dysplasia and are HPV positive or persistence have an increased
risk of recurrence.’'** Therefore, the development of a method to detect HPV and cervical dysplasia through urine testing
could make patient follow-up more convenient and immediate. This is especially beneficial for monitoring those at higher

risk of recurrence, as urine testing offers a non-invasive and easily accessible approach for regular check-ups.

Conclusion

After adjusting the cutoff values, the HPV test on random urine (RU) samples demonstrated an approximate sensitivity of 60%
relative to the test on cervical samples. However, for detecting CIN2+, the sensitivity was only around 50%. The experimental
results were considered unsatisfactory due to limitations. Further studies and improvements in urine-based HPV testing are
needed to establish it as a more convenient and accessible method for detecting HPV and cervical dysplasia in patients.

Ethics Approval and Consent to Participate

This study was conducted with approval from the Taichung Veterans General Hospital institutional review board. The
approval number is IRB-1047904. This study was conducted in accordance with the declaration of Helsinki. Written
informed consent was obtained from all participants.
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