
- 28 - 

Biomedical Science Letters 2021, 27(1): 28~34 
https://doi.org/10.15616/BSL.2021.27.1.28 
eISSN : 2288-7415 

 

Analysis of HPV Prevalence in Pairs of Cervical and 
Urine Samples from the Same Woman 

Dong Hyeok Kim1,2,*, Hyunwoo Jin1,2,** and Kyung Eun Lee1,2,†,**  

1Department of Clinical Laboratory Science, College of Health Sciences, 
Catholic University of Pusan, Busan 46252, Korea 

2Clinical Trial Specialist Program for In Vitro Diagnostics, Brain Busan 21 Plus Program, 
Graduate School, Catholic University of Pusan, Busan 46252, Korea 

The main cause of cervical cancer is a persistent infection with high-risk human papillomavirus (HR-HPV). Cervical 
cancer is reported as a preventable cancer in more than 80% of cases with early diagnosis and appropriate treatment. 

Papanicolaou test (Pap test) has been a global strategy to prevent cervical cancer, and recently, HPV test has been reported 
to be effective against cervical cancer and precancerous lesions. However, pelvic examinations give patients anxiety, 
discomfort, pain, distress, and psychological stress. HPV test via a urine sample caused less physical and psychological 
stress and more advantage than the Pap test. Therefore, it is necessary to study the usefulness of the HPV test for easy-
to-collect urine samples. A total of 220 samples were collected from a pair of cervical and urine samples from 110 women 
and only 108 pairs of samples out of 110 were used because 2 cases were not amplified by β-globin. Among 108 pairs 

of cervical and urine samples, the prevalence of HPV was 37.0% (40/108) in cervical samples, 34.3% (37/108) in urine 
samples and HR-HPV was 22.2% (24/108) in cervical samples, 18.5% (20/108) in urine samples. In this study, urine 
samples showed a lower positive rate of HPV than cervical samples. There were many variables that could affect the 
condition of the urine sample. However, the HR-HPV agreement rate of the cervix and urine samples was 94.44% and 
the Kappa value was 0.823, which was "almost perfect". Through these results showed the significance of cervical cancer 
screening using a urine sample. Cervical screening is crucial, as cervical cancer can be prevented in more than 90% of 

cases. Urine samples collected by non-invasive methods may have the potential advantage of increasing acceptance of 
cervical cancer screening. Therefore, it is necessary to develop a new cervical cancer screening strategy using urine 
samples through further study based on the results of this study. 
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INTRODUCTION 

 

The main cause of cervical cancer is a persistent infection 

with human papillomavirus (HPV), and about 200 geno- 

types of HPV have been reported (Vergara et al., 2019). 

Cervical cancer is reported as a preventable cancer in more 

than 80% of cases with appropriate diagnosis and treatment. 

The introduction of cervical cancer screening programs in 

many developed countries has greatly reduced the incidence 

Original Article 

Received: February 18, 2021 / Revised: March 29, 2021 / Accepted: March 29, 2021 
*Graduate student, **Professor. 
†
Corresponding author: Kyung Eun Lee. Department of Clinical Laboratory Science, College of Health Science, Catholic University of Pusan, Busan 46252, 
Korea. 
Tel: +82-51-510-0562, Fax: +82-51-510-0568, e-mail: kelee@cup.ac.kr 

○C The Korean Society for Biomedical Laboratory Sciences. All rights reserved. 
○CC This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 



- 29 - 

of cervical cancer, indicating the importance of early diag- 

nosis and prevention (WHO et al., 2020). An estimated 

528,000 new cases of cervical cancer are predicted annually 

worldwide, accounting for 15.7 per 100,000 women in devel- 

oping countries and 9.9 per 100,000 women in developed 

countries (Lim et al., 2017). In Korea, about 3,500 new cases 

of cervical cancer are reported every year. The incidence 

of cervical cancer was 8.7 per 100,000 women in 2017, a 

decrease of 4.9% annually from 1999 to 2017 (Hong et al., 

2020). 

Papanicolaou test (Pap test) was a global strategy to pre- 

vent cervical cancer. Since the introduction of the Pap test, 

the incidence and mortality of cervical cancer have decreased 

(Safaeian et al., 2007). HPV DNA screening was shown to 

be more effective than cytology screening in pre-malignant 

and malignant cervical lesions (van Rosmalen et al., 2012; 

Ronco et al., 2014). However, both Pap and HPV tests 

require a pelvic examination. These exams give patients 

anxiety, discomfort, pain, distress, and psychological stress 

(Virtanen et al., 2014; Sultana et al., 2015). Therefore, the 

development of non-invasive sample collection methods 

would have the potential advantage of increasing the accept- 

ance of cervical cancer screening (Bernal et al., 2014). Using 

easy-to-collect urine would be appropriate for that purpose. 

the recent literature showed that an HPV test via a urine 

sample caused less physical and psychological stress and 

more advantage than the Pap test (Frati et al., 2015; Pattyn et 

al., 2019). Therefore, the HPV test using a urine sample is 

considered significant because the physical and psychological 

stress on the patient is low. However, the urine is not a 

sample from the site of HPV infection (Khunamornpong et 

al., 2016). Hence, using urine as a cervical screening sample 

requires data accumulation through comparison with cer- 

vical samples. 

In the present study, paired cervical and urine samples 

were collected from women who visited gynecology and 

compared HPV prevalence with cervical samples through 

reverse blot hybridization assay (REBA) to evaluate the 

significance of urine samples. 

 

 

 

 

MATERIALS AND METHODS 

Participants and clinical samples 

A total of 220 samples were collected from 110 women 

with a pair of cervical and urine samples who visited the 

obstetrics and gynecology department between January to 

June in 2020. This study was approved by the Institutional 

Ethics Committee of Catholic University of Pusan (Approval 

number CUPIRB-2020-01-011). A total of 110 women aged 

between 20 and 69 years, with an average age of 40.9 years, 

were recruited in the study. 

Genomic DNA extraction from cervical and urine sam- 

ples 

DNA extraction was performed using 5% Chelex® 100 

Resin solution (BIO-RAD, CA, USA) according to manu- 

facturer's recommendations. 200 μL of the sample was 

transferred to a DNase-free tube, centrifuged at 8,000 × g 

for 10 minutes, discarded the supernatant, and vortexed and 

spin down by adding 100 μL of 5% Chelex® 100 Resin 

solution to the remaining cell pellet. Then, incubate at 100℃ 

for 10 minutes, centrifuge the sample at 11,000 × g for 10 

minutes, and transfer the supernatant to a new E-tube. The 

extracted genomic DNA was checked for concentration and 

purity through NanoDrop 2000 (Thermo Fisher Scientific, 

Wilmington, DE, USA) and stored at a freezing temperature 

of -18℃ before analysis. 

HPV genotyping by reverse blot hybridization (REBA) 

assay 

HPV genotypes were determined using the REBA HPV-

ID® (YD Diagnostics, Yongin, Korea) on the automated 

HybREAD480® (YD Diagnostics, Yongin, Korea), which 

could genotype 18 HR-HPV types (16, 18, 26, 31, 33, 35, 

39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, and 73), one 

medium-risk HPV type (34), and 13 low-risk HPV types (6, 

11, 32, 40, 42, 43, 44, 54, 70, 72, 81, 84, and 87). This 

system targets the L1 gene, which encodes the capsid protein 

of HPV. This method required nested PCR to amplify target 

regions including MY11 & MY09 and GP5 & GP6 with 

two pairs of primers. The PCR product was mixed with 
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denaturation solution, denatured at 25℃ for 5 minutes, 

dispensed on REBA membrane strips, and diluted with 

970 μL hybridization solution. The denatured single-stranded 

PCR products were hybridized on a membrane strip at 50℃ 

for 30 min. The staining solution and a 1:50 dilution of 

NBT/BCIP (Roche Diagnostics, Mannheim, Germany) were 

added and incubated until a color change was detected, 

finally the band pattern was checked and interpreted. 

Statistical analysis 

Concordance between date of test was evaluated using 

the Kappa statistic (Cohen's Kappa, κ) and defined as "poor" 

(= 0), "slight" (0.01 < κ < 0.20), "fair" (0.21 < κ < 0.40), 

"moderate" (0.41 < κ < 0.60), "substantial" (0.61 < κ < 0.80), 

"almost perfect" (0.81 < κ < 1) or "perfect" (= 1). 

 

RESULTS 

Prevalence of HPV in pairs of cervical and urine samples 

All 110 paired cervical and urine samples collected, only 

108 pairs of samples were used in this study because 2 

cases were not amplified by β-globin. 

Depending on the sample type, the prevalence of HPV-

positive determined was 37.0% (40/108) in cervical samples 

and 34.3% (37/108) in urine samples. Of the 25.0% (27/ 

108) in which both the cervical and urine samples were 

positive, 23.1% (25/108) had the same HPV genotype. In 

both the cervical and urine samples, 53.7% (58/108) were 

HPV-negative, 12.0% (13/108) cases were HPV-positive 

only in the cervical samples and 9.3% (10/108) were HPV-

positive only in the urine samples. The concordance rate of 

HPV detection between cervical and urine samples was 

76.85% (κ = 0.54; 95% IC: 0.44~0.63, moderate) (Table 1). 

Table 1. Comparison of HPV detection rate and HPV genotype concordance rate between cervical and urine samples 

 

 
Urine samples 

Concordance 
rate (%) κ (95% IC) Positive 

n (%) 
Negative 

n (%) 

Cervical 
samples 

HPV 
Positive  27 (25.0) 13 (12.0) 

76.85 0.54 
(0.44~0.63) Negative 10 (9.3) 58 (53.7) 

HR-HPV 
Positive  18 (16.7) 4 (3.7) 

94.44 0.82 
(0.72~0.92) Negative  2 (1.9) 84 (77.8) 

Abbreviations: HR-HPV, high-risk HPV 
HR-HPV is 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69 and 73 
κ: Cohen's kappa, 0.54; "moderate" (0.41 < κ < 0.60), 0.82; "almost perfect" (0.81 < κ < 1) 

Fig. 1. Results of reverse blot hybridization assay in cervical 
and urine samples. High-risk HPV genotypes HPV 16, HPV 59/68
and low-risk HPV 84 were detected in cervical and urine sample 
from the same woman. 
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Prevalence and distribution of HR-HPV in cervical and 

urine sample pairs 

HR-HPV was detected in 22.2% (24/108) of the cervical 

samples and 18.5% (20/108) cases of the urine samples. The 

same HPV genotype was detected in all 16.6% (18/108) of 

cervical and urine sample pairs. In both the cervical and 

urine samples, 77.8% (84/108) were HPV-negative, 3.7% 

(4/108) were HPV-positive only in the cervical samples and 

1.9% (2/108) were HPV-positive only in the urine samples. 

The concordance rate of HPV detection between cervical 

and urine samples was 94.44% (κ = 0.823; 95% IC: 0.72~ 

0.92, almost perfect) (Table 1, Fig. 1). 

The most frequently detected HR-HPV genotype in the 

cervical sample was HPV 56 (15.2%, 5/33), HPV 16 (9.1%, 

3/33), and HPV 18 (6.1%, 2/33). The most frequently de- 

tected HR-HPV genotype in the urine samples was HPV 

56 (14.8%, 4/28) and HPV 16 (11.1%, 3/28), and HPV 18 

Table 2. High-risk HPV genotype distribution due to single or 
multiple infections in cervical and urine samples by REBA assay 

 HR-HPV 
genotype 

Cervical 
n (%) 

Urine 
n (%) 

16 3 (9.1) 3 (11.1) 

18 2 (6.1) - 

31 1 (3.0) 1 (3.7) 

33 1 (3.0) 3 (11.1) 

35 2 (6.1) 2 (7.4) 

39 1 (3.0) - 

45 2 (6.1) 1 (3.7) 

51 1 (3.0) 1 (3.7) 

52 2 (6.1) 2 (7.4) 

53 4 (12.1) 3 (11.1) 

56 5 (15.2) 4 (14.8) 

58 1 (3.0) 2 (7.4) 

59 4 (12.1) 3 (11.1) 

68 4 (12.1) 3 (11.1) 

Total 33 (100) 28 (100) 

Abbreviations: REBA, reverse blot hybridization assay 

Table 3. High-risk HPV prevalence by age group 

 
Age interval 

(years) 
Total cases 

n (%) 

HR-HPV positive 

Cervical 
n (%) 

Urine 
n (%) 

~29 23 (21.3) 8 (33.3) 6 (30.0) 

30~39 33 (30.6) 9 (37.6) 7 (35.0) 

40~49 22 (20.4) 1 (4.2) 3 (15.0) 

50~59 19 (17.6) 3 (12.5) 2 (10.0) 

60~ 11 (10.2) 3 (12.5) 2 (10.0) 

Total 108 (100) 24 (100) 20 (100) 
 

Fig. 2. Distribution of high-risk HPV genotypes by age in cervical and urine samples. Through the reverse blot hybridization assay, 
high-risk HPV was most detected in the 30's, followed by 20's. 
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was not detected. HPV 52 was detected 6.1% (2/33) in the 

cervical samples, and 7.4% (2/28) urine samples. HPV 58 

was detected in 3.0% (1/33) in cervical sample and 7.4% 

(2/28) in the urine sample (Table 2). 

HR-HPV prevalence and distribution by age in cervical 

and urine samples 

HR-HPV showed the highest detection rate in the cervical 

samples in the 20's group (34.8%, 8/23), followed by the 

30's group (27.3%, 9/33). Likewise, in the urine sample, 

the 20's group were the most (26.1%, 6/23), and the 30's 

group (21.2%, 7/33) were the next (Table 3). 

The cervical samples had the highest positive rate of HR-

HPV in the 20's group, followed by the 30's group. In the 

20's group, HPV 53 and HPV 56 were the most common 

(22.2%, 2/9) in the cervical samples, and in the urine samples, 

HPV 58 was the most common (28.6%, 2/7). In the 30's 

group, HPV 56 and HPV 59/68 were the most common 

(18.1%, 2/11) in the cervical samples and HPV 33, HPV 56, 

and HPV 59/68 were the most common (22.2%, 2/9) in the 

urine sample (Fig. 2). 

 

DISCUSSION 

 

Cervical screening is crucial, as cervical cancer can be 

prevented in more than 90% of cases with early diagnosis 

(Asciutto et al., 2018). Traditionally, cervical screening is 

performed using cytological tests, which has reduced the 

incidence and mortality of cervical cancer in many countries 

(WHO et al., 2020). However, the sensitivity of cervical 

screening is not sufficient to prevent cervical cancer (Cuzick 

et al., 2006; van den Akker-van Marle et al., 2002). The HPV 

test is reportedly more sensitive to the detection of advanced 

squamous lesions than cytology-based screening alone (van 

Rosmalen et al., 2012; Ronco et al., 2014; Aitken et al., 

2019). The HPV test was also proposed as another method 

of Pap test (Huh et al., 2015). However, cervical sample 

collection has limitations due to the stress on the patient 

(Virtanen et al., 2014; Sultana et al., 2015). Therefore, in this 

study, the prevalence and distribution of HPV was compared 

and analyzed with the cervical sample to determine the 

significance of the urine samples. 

Other study that a meta-analysis of the overall prevalence 

of HPV infection in the cervical showed 25.41% (105 studies; 

95% CI 22.71~28.32; I 2 = 98%), and the prevalence of 

HR-HPV genotypes was 17.65% (44 studies; 95% CI 4.80~ 

20.92; I 2 = 96%) (Colpani et al., 2020). In this study, 37.0% 

(40/108) of cervical samples were HPV positive, and 34.3% 

(37/108) of urine samples were HPV positive. Only HR-

HPV was detected in 22.2% (24/108) of the cervical samples 

and 18.5% (20/108) cases of the urine samples were positive. 

Therefore, the HPV infection rate in this study was relatively 

higher than that of the meta-analysis result. Recently, studies 

on HPV detection in urine samples have been continuously 

reported. In another study comparing HPV detection in cer- 

vical and urine samples, the HPV detection rate was 39.6% 

(65/164) in cervical samples and 32.3% (53/164) in urine 

samples, which was similar to the results of this study 

(Nilyanimit, 2017). However, in another study, the preva- 

lence of cervical samples was 64.4% (132/205), and the 

prevalence of urine samples was 37.9% (74/195), indicating 

a distinct difference between the detection rates of HPV 

between cervical and urine samples (Asciutto et al., 2018). 

Therefore, using urine as a cervical examination sample 

requires data accumulation through comparison with cervical 

samples. 

Among the 108 study subjects, 20's and 30's groups 

showed high prevalence of HR-HPV. Among 23 cases 

(21.3%, 23/108) in the 20's group, 34.8% (8/23) of cervical 

samples and 26.1% (6/23) of urine samples were HR-HPV 

positive. Of the 33 cases (30.6%, 33/108) in the 30's group, 

27.3% (9/33) of cervical samples and 21.2% (7/33) of urine 

samples were HR-HPV positive. In Korea, the mortality and 

incidence rate of cervical cancer has declined over the past 

decade, while the HPV infection rate among younger age 

groups is increasing (Hong et al., 2020; Kim et al., 2018). 

Therefore, the results of this study show that younger age 

groups have a high potential risk of cervical cancer due to 

persistent HR-HPV infection, indicating the need to increase 

acceptance of cervical cancer screening. 

In a recent study, the concordance of real-time PCR-based 

HPV test results (Roche Cobas HPV, Anyplex II HPV and 

RealTime HR-S HPV) of urine and cervical samples was 

81.2~86.1% (Cho et al., 2019). Likewise, in other literature 
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comparative studies of HPV detection in cervical and urine 

samples have been continuously reported (Bernal et al., 

2014). However, in most studies using real-time PCR, as in 

the above studies, HPV detection genotypes are HPV 16, 

HPV 18, and non-16/18 HR-HPV. Real-time PCR-based 

non-16/18 HR-HPV detection mostly identifies more than 

10 genotypes at the same time. But this study distinguishes 

42 HPV genotypes (18 HR-HPV types, one medium-risk 

HPV type, 13 low-risk HPV types) by REBA HPV-ID®, so 

the concordance rate seems to be relatively low. Analyzing 

only the HR-HPV genotype in this study, the concordance 

rate was 94.44% and the Kappa value was 0.823, indicating 

"almost perfect" this result showed a higher concordance 

rate than other studies. Interestingly, the genotypes in both 

cervical and urine of HR-HPV positive were agreement. 

HPV 16 and HPV 18 are known to be responsible of 70% 

of cervical cancers and precancerous cervical lesions (WHO 

et al., 2020). In this study, HPV 16 detected in cervical 

samples was detected in 2.8% (3/108), and all of them were 

detected in urine samples. However, HPV 18 detected in the 

cervical was not detected in urine samples. The reason for 

these results may be that the urine sample does not contain 

enough isolated cervical cells to detect HPV (Vorsters et al., 

2012). In addition, urine samples contain insufficient cer- 

vical cells and may vary depending on collection, storage, 

DNA extraction, and study population (Vorsters et al., 2014). 

Therefore, it is necessary to develop appropriate collection, 

storage, and DNA extraction methods to efficiently use 

urine samples as HPV test samples. 

In this study, the HR-HPV concordance rate between the 

cervical and urine samples was 94.4% and HR-HPV geno- 

types were agreement in 16.7% (18/108) of both type sam- 

ples. Through these results confirmed the significance of 

cervical cancer screening using a urine sample. However, 

urine samples showed a lower positive rate of HPV than 

cervical samples. This is because HPV-infected cells detected 

in a urine sample may be independent of cervical exfoliative 

cells (Khunamornpong et al., 2016). 

Cervical screening is crucial, as cervical cancer can be 

prevented in more than 90% of cases with early diagnosis 

(Asciutto et al., 2018). According to the results of this study, 

it seems inappropriate to use it for cervical cancer screening 

alone through HPV test using a urine sample. However, 

urine samples collected by non-invasive methods may have 

the potential advantage of increasing acceptance of cervical 

examinations (Bernal et al., 2014). Therefore, it is necessary 

to develop a new cervical cancer screening strategy using 

urine samples through further study based on the results of 

this study. 
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