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Abstract: Human papillomavirus (HPV) is the main cause of cervical cancer, and many 

countries now offer vaccination against HPV to girls by way of government-funded national 

immunization programs. Monitoring HPV prevalence in adolescents could offer a near-term 

biological measure of vaccine impact, and urine sampling may be an attractive large-scale method 

that could be used for this purpose. Our objective was to provide an overview of the literature 

on HPV DNA detection in urine samples, with an emphasis on adolescents. We searched the 

PubMed database using the terms “HPV” and “urine” and identified 21 female and 14 male study 

populations in which HPV prevalence in urine samples was reported, four of which included 

only asymptomatic female adolescents. We provide herein an overview of the recruitment 

setting, age, urine sampling procedure, lesion type, HPV assay, and HPV prevalence in urine 

samples and other urogenital samples for the studies included in this review. In female study 

populations, concordance for any HPV type and type-specific concordance in paired urine and 

cervical samples are provided in addition to sensitivity and specificity. We concluded that few 

studies on HPV prevalence in urine samples have been performed in asymptomatic female 

adolescent populations but that urine samples may be a useful alternative to cervical samples 

to monitor changes in HPV prevalence in females in the post-HPV vaccination era. However, 

care should be taken when extrapolating HPV findings from urine samples to the cervix. In 

males, urine samples do not seem to be optimal for monitoring HPV prevalence due to a low 

human genomic DNA content and HPV DNA detection rate compared to other urogenital sites. 

In each situation the costs and benefits of HPV DNA detection in urine compared to alternative 

monitoring options should be carefully considered.
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Human papillomavirus (HPV) is the main cause of cervical cancer.1,2 More than 35 HPV 

types have been identified in the genital tract, and HPV16 and 18 are responsible for 

approximately 70% of cervical cancer.3,4 Two HPV vaccines, a quadrivalent vaccine 

that protects against HPV6, 11, 16, and 18 and a bivalent vaccine that protects against 

HPV16 and 18, have been developed and approved by the United States Food and Drug 

Administration (FDA) for females 9–25 years and 9–26 years of age, respectively.5,6 

The quadrivalent vaccine has also been approved by the FDA for males 9–26 years 

of age for the prevention of genital warts (caused by HPV6 and 11) and in both males 

and females 9–26 years of age for the prevention of precancerous anal lesions and 

anal cancer associated with the vaccine HPV types.7 However, in many countries the 

debate continues as to whether or not to offer the vaccine to boys in the framework of 

government-funded national immunization programs as is done for girls.8 Although the 
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safety, immunogenicity, and efficacy of the two vaccines 

have been monitored closely in clinical trials,9–14 it is also 

necessary to monitor their impact in the general population.15 

In addition to vaccine coverage and the incidence of cervical 

cancer and other HPV-related lesions, it is also recommended 

to monitor changes in HPV prevalence in the general popu-

lation, particularly in females aged 15–20 years soon after 

initiation of sexual activity as this could offer a near-term 

biological measure of vaccine impact.16

HPV DNA detection in urine samples could be a viable 

alternative to detection in cervical samples for monitoring 

the impact of vaccination on overall and type-specific HPV 

prevalence.17,18 HPV DNA detection in urine samples is 

particularly attractive as a large-scale method among female 

adolescents as pelvic examination might not be feasible or 

ethically acceptable in this age group. HPV detection has 

also been performed in urine samples from males as well as 

at many urogenital sites.19 The urogenital sites most com-

monly sampled have been penile skin, specifically coronal 

sulcus and glans penis, and the urethra.20 In a recent review 

by Vorsters et  al,17 41 published studies on HPV DNA in 

urine samples were evaluated with respect to factors that 

have an impact on HPV detection, such as urine sampling 

procedure, sample preparation, DNA extraction, and DNA 

amplification. They concluded that HPV DNA detection in 

urine is feasible and may become a useful tool but necessitates 

further improvement and standardization. In the same vein, 

Sehgal et al21 reviewed the pros and cons of using HPV DNA 

detection in urine samples for cervical cancer screening.21 

One of their conclusions was that further research is needed 

to standardize and optimize the corresponding technology 

before recommending it as a mass screening tool for cervi-

cal cancer.

The aim of this literature review was to evaluate whether 

HPV DNA detection in urine samples would be a feasible 

approach for monitoring HPV prevalence in male and female 

adolescents in the general population. To this end, a list of 

relevant studies and their main characteristics, including 

HPV positivity in paired urine and cervical samples and their 

concordance is provided. Since only a few studies moni-

tored HPV prevalence in urine samples from adolescents, 

we included relevant studies from older age groups as well. 

For details on factors that affect HPV DNA detection, such 

as urine sampling procedure, storage, centrifugation, DNA 

extraction, and assays for detection of human genomic and 

HPV DNA and an overview of the use of urine samples in 

a screening setting, we refer the reader to the reviews by 

Vorsters et al17 and Sehgal et al.21

Materials and methods
We used the terms “HPV” and “urine” to search the PubMed 

database in August 2012 for relevant literature. The identified 

studies were then individually evaluated to ascertain whether 

results on HPV prevalence in adolescents were reported. 

Studies in HIV-positive populations and renal allograft recipi-

ents were excluded as these patient groups have a reported 

increased risk of HPV infection. Studies that included paired 

urine and cervical samples were sought as they would allow 

for comparison of the presence of HPV in both samples. We 

therefore excluded female studies in which HPV DNA was 

detected in urine samples only, with the exception of the four 

studies including adolescents as they shed some light on the 

expected urinary HPV prevalence rates in this group. As 

few studies in asymptomatic male populations were found, 

we included the male populations of four studies despite the 

fact that they may be at greater risk of HPV infection: two 

studies on male partners of HPV-positive women, one on 

male partners of women with cervical cancer, and one on 

males with urethritis.

Whenever possible we extracted information on country, 

recruitment setting, age (range and mean), urine sampling 

procedure, total sample size, percentage of samples contain-

ing human genomic DNA, HPV assay used, proportion and 

type of cervical lesions, and availability of cervical sample. 

As a main result we report HPV prevalence in urine samples 

and cervical samples in female study populations. We also 

report sensitivity, ie, the probability of an HPV-positive 

urine sample given an HPV-positive cervical sample, and 

specificity, ie, the probability an HPV-negative urine sample 

given an HPV-negative cervical sample. Concordance for any 

HPV type and for HPV16 (and/or HPV18) was measured 

as the percentage of paired urine and cervical samples that 

yielded the same HPV result, ie, either both positive or both 

negative. In contrast, type-specific concordance (combined 

concordance for a group of HPV types) was measured only 

in the set of paired urine and cervical samples that were both 

positive for any HPV type. Within this smaller set of samples, 

type-specific concordance was calculated as the percent of 

paired urine and cervical samples that were positive for the 

same HPV type.

Results
HPV prevalence in females
Results from 21 female study populations from 17 pub-

lications that reported HPV prevalence in urine samples 

are summarized in Table 1. Four of these studies reported 

age-specific HPV prevalence in asymptomatic adolescents. 
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Prusty et al22 and Manhart et al23 included females 18–25 years 

of age, while only two studies, one from Scotland by 

O’Leary et al24 and one from India by Hussain et al,25 included 

females less than 18 years of age (Figure 1 and Table 1). The 

HPV prevalence (any type) varied from 1.1% in the age group 

11–14 years in the O’Leary et al24 study to 29.6% in the age 

group 20–21 years in the Manhart et al23 study. O’Leary et al24 

reported the lowest percentage of samples (83.6%) containing 

amplifiable human genomic DNA; Prusty et al22 reported the 

highest percentage (100%).

We identified 14 studies that measured HPV positivity 

in paired urine and cervical samples from symptomatic 

females;18,22,26–37 of these studies, nine reported the age 

range and nine the mean age of the study population. These 

studies included women with symptoms that led to vari-

ous gynecological complaints and women diagnosed with 

invasive cervical cancer. Urine and cervical samples were 

collected at gynecological, colposcopy, genitourinary, sexu-

ally transmitted disease, and adolescent clinics. In general, 

HPV prevalence increased with the severity of cytological 

or pathological findings, and this was observed both in urine 

samples and cervical samples. All studies that reported age-

specific HPV prevalence showed lower prevalence in urine 

samples than paired cervical samples, with the majority of 

the studies reporting a 10%–20% lower HPV prevalence, save 

the studies by Rymark et al33 and Cuschieri et al18 (Figure 2). 

With the exception of studies by Rymark et al33 and Jacobson 

et al,31 which covered narrow age ranges (16–21 years and 

11–20 years, respectively), the studies in this review generally 

reported HPV prevalence in a broad age range. Populations 

presenting cytological or histological pathology generally 

had a higher HPV prevalence compared to those with normal 

cytology (Figures 1 and 2).

HPV concordance in paired urine  
and cervical samples
The studies showed a 75%–100% concordance for any HPV 

type in paired urine and cervical samples (or 41%–93% by 

kappa agreement). Type-specific concordance was reported 

in five studies, showing 100%, 90.5%, 71.0%, 70.8%, and 

40.0% concordance. The latter estimates were calculated 

by including HPV-negative samples from either (not both) 

site, thereby reducing the type-specific concordance. Eight 

of the eleven studies published after 2000 also reported 

either type-specific concordance for HPV16 or HPV18, 

or concordance for the two types in combination. HPV16-

specific concordance in the studies reviewed varied from 

64%–100%.

HPV16-specific concordance or concordance for any 

HPV type by severity of cervical lesion was reported in three 

studies. Daponte et al28 showed an increase in HPV16/18-

specific concordance with increasing severity. In contrast 

Alameda et al26 reported a higher concordance for any HPV 

type in low grade squamous intraepithelial lesion (LSIL) 

than in high grade squamous intraepithelial lesion (HSIL). 

Forslund et al29 showed neither an increase nor a decrease in 

concordance for any HPV type with increasing severity.

The only study that estimated sensitivity and specific-

ity for HPV DNA detection in urine samples compared to 

cervical samples in a presumably asymptomatic, drop-in, 

sexual health service clinic population was published by 

Cuschieri et al18 who reported a sensitivity of 90.6% (95% 

confidence interval [CI] 79.3%–96.9%) and a specificity of 

67.6% (95% CI 50.2%–82.0%). In the studies with symptom-

atic populations, the sensitivity varied from 52.9% to 100%. 

Specificity varied from 66.7% to 100%.

HPV positivity in males
We identified 14 male study populations from 13 publica-

tions that reported HPV positivity in urine samples and at 

least one other urogenital site (Table 2). Only the studies by 

Lazcano-Ponce et al38 and Cuschieri et al18 included males 

less than 18-years old. The 117 males aged 16–25 years in the 

Cuschieri et al18 study showed a 36.7% HPV prevalence in 

urine samples versus 29.1% in samples taken from the shaft 

of the penis. The study by Lazcano-Ponce et al38 included 

120 healthy males aged 14–55 years in Mexico (43 males in 

the range 14–20 years) and reported a 6.9% and 42.7% HPV 

prevalence in urine samples and urethra samples, respectively. 

Similarly, HPV prevalence in the other studies listed in 

Table 2 was generally lower in urine samples than in other 

urogenital samples. For example, Weaver et  al39 recruited 

317 sexually active university students, aged 18–25 years, 

and measured HPV prevalence in urine samples as well as 

in samples from the glans, penile shaft, scrotum, and fore-

skin. Samples taken from the foreskin showed the highest 

prevalence (28.1%), while urine samples showed the lowest 

prevalence (5.8%).

The percentage of urine samples in which human genomic 

DNA could be detected varied substantially between the studies. 

While Weaver et al39 detected human genomic DNA in 99.7% 

of urine samples and 94.0%–98.3% of samples from other sites, 

Giuliano et al only detected human genomic DNA in 51.3% 

of urine samples and 84.0%–98.0% of samples from other 

sites, with semen samples having the highest human genomic 

DNA detection rate. In the study by Hernandez et al,40 semen 

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

69

Monitoring HPV prevalence using urine

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Epidemiology 2013:5

Table 1 Studies with human papillomavirus DNA detected in urine samples from asymptomatic adolescents (A) and in paired urine 
and cervical samples from symptomatic females all ages (B)

Author Country Recruitment setting/  
patient characteristics

Age, years 
range (mean)

Urine sampling  
procedure

HPV types – assays  
(types detected)a

Total 
sample size

Samples with human  
genomic DNA (%)

Lesions/HPV  
types (% lesions)

HPV positivity  
in urine samples (%)

HPV positivity in  
cervical samples (%)

Concordance 
(%)

Sensitivity 
(%)

Specificity 
(%)

Part A
Prusty  
et al22

India Sexually naive college girls 18–25 In house L1 consensus  
primers (any type = –)

100 100 (100) All/any type 
All/HPV16

6.0 
4.0

Manhart  
et al23

USA Randomly selected females from  
the National Longitudinal Study  
of Adolescent Health (Wave III)

18–25 (21.7) Sampled at home PCR with primers and dot  
blot with generic primers  
(any type = $36 types)

3741 3262 (95.8)b All/any type 
All/HPV16

26.9c 
5.8c,d

O`Leary  
et al24

Scotland Recruited from private  
and publicly funded schools.  
Additional recruitment among  
early school leavers and  
oversampling in older  
age groups

11–14 Sampled at clinic HPV INNO–LiPAe  
(any type = 27 types,  
HR-HPV = 18 types)

1341 1121 (83.6) All/any type 
All/HR-HPV 
All/HPV16/18

1.1c 
0.9c,d 
0.0c,d

15–18 All/any type 
All/HR–HPV 
All/HPV16/18

15.2c 
12.6c,d 
6.5c,d

Hussain  
et al25

India Public school students 8–17 
(14.1)

Sampled in private PCR with MY primers  
(any type $ 36 types)

458 All/any type 
All/HPV16 
All/HPV18

3.3 
2.2 
0.4

Part B
Rymark  
et al33

Sweden STD and  
adolescent  
clinic  
patients

Present or history  
of genital warts

16–21 (18.6) After Pap with  
a cotton swab,  
urethral samples

In-house PCR  
(any type = five types) 
Type-specific concordance  
based on five types

24 24 (100) All/any type 
All/Type-specific HPV 
Normal (54) 
CIN1 (42) 
CIN2 (4)

70.8f 62.5 83.3 
100.0

93.3 66.7

Gynecological  
complains

15–21 (18.3) 25 25 (100) All/any type 
Normal (80) 
CIN1 (12) 
CIN2 (4) 
NA (4)

16.0f 12.0 96.0 100 95.5

Forslund  
et al29

Sweden Colposcopy clinic referral.  
Suspected cytological changes

17–79 (37) After gynecological  
exam without  
prior washing

In-house PCR  
(any type = –) and  
dot blot analysis.  
Type-specific concordance  
based on six types

512g 489 (95.5) All/any type 
All/type-specific HPV 
Benign/any type (64) 
CIN 1/2/3/any type (30) 
Cancer/any type (1) 
Genital warts/any type (5)

38.2 
 
24.8 
61.2 
50.0 
73.9

49.3 
 
32.1 
81.0 
75.0 
78.3

77.1 
90.5 
78.7 
73.5 
75.0 
78.3

65.6 
 
55.4 
71.4 
66.7 
83.3

88.3 
 
89.7 
82.1 
100.0 
60.0

Strauss  
et al37

UK Randomly selected  
genitourinary clinic patients

16–57 (26) Mid-stream  
urine

PCR with MY and  
GP primers  
(any type $ 36 types)

144 136 (94.4) All/any type 65.4 77.9 75.7 76.4 73.3

Jacobson  
et al31

USA Consecutively enrolled STD  
and adolescent clinic patients

11–20 (17.5)h First-void PCR with MY primers  
(any type = 34 types) and  
hybrid capture probe B 
Type-specific concordance  
based on six HR types

80 80 (100) All/any type 
All/type-specific HPV 
All/HPV16 
All/HPV18 
Normal/any type (62) 
ASCUS/any type (19) 
LSIL-HSIL/any type (19)

75.0 
 
11.2 
23.3 
65.3 
86.7 
100

90.0 
 
21.3 
9.6 
83.7 
100 
100

82.5 
40.0i 
82.5 
98.8

81.9 
 
35.3 
100

87.5 
 
95.2 
98.6

Sellors  
et al34

Canada Colposcopy clinic referral.  
Abnormal cytology

(31.5) First-void urine after  
self-sampled vulvar  
and vaginal sample,  
but prior to cervical  
sampling

HC II  
(any type = 17 types)

245 200j (81.6) All/any type 
LSIL (27) 
HSIL (36) 
ASCUS (37) 
Cancer (1)

34.5 62.5 41.0k

Stanczuk  
et al36

Zimbabwe Invasive cancer patients  
at gynecological clinic

24–70 (44)h Prior to cervical  
sampling

In-house PCR  
(any type = –)

43 35 (81.4) All/any type 
All/type-specific HPV 
All/HPV16 
All/HPV18

88.6 
 
54.3 
11.4

100 
 
65.7 
14.3

88.6 
71.0 
77.1 
85.7

88.6 
 
73.9 
40.0

 
83.3 
93.3

Prusty  
et al22

India Gynecological out-patient  
and family planning clinic  
patients. Married and sexually  
active. Complaints other than  
gynecological

18–35 Prior to cervical  
sampling using dry  
“paper smear”

In house L1 consensus  
primers (any type = –)

55 55 (100) All/any type 
All/HPV16

9.1 
5.5

9.1 
5.5

100 
100

(Continued)
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Table 1 Studies with human papillomavirus DNA detected in urine samples from asymptomatic adolescents (A) and in paired urine 
and cervical samples from symptomatic females all ages (B)

Author Country Recruitment setting/  
patient characteristics

Age, years 
range (mean)

Urine sampling  
procedure

HPV types – assays  
(types detected)a

Total 
sample size

Samples with human  
genomic DNA (%)

Lesions/HPV  
types (% lesions)

HPV positivity  
in urine samples (%)

HPV positivity in  
cervical samples (%)

Concordance 
(%)

Sensitivity 
(%)

Specificity 
(%)

Part A
Prusty  
et al22

India Sexually naive college girls 18–25 In house L1 consensus  
primers (any type = –)

100 100 (100) All/any type 
All/HPV16

6.0 
4.0

Manhart  
et al23

USA Randomly selected females from  
the National Longitudinal Study  
of Adolescent Health (Wave III)

18–25 (21.7) Sampled at home PCR with primers and dot  
blot with generic primers  
(any type = $36 types)

3741 3262 (95.8)b All/any type 
All/HPV16

26.9c 
5.8c,d

O`Leary  
et al24

Scotland Recruited from private  
and publicly funded schools.  
Additional recruitment among  
early school leavers and  
oversampling in older  
age groups

11–14 Sampled at clinic HPV INNO–LiPAe  
(any type = 27 types,  
HR-HPV = 18 types)

1341 1121 (83.6) All/any type 
All/HR-HPV 
All/HPV16/18

1.1c 
0.9c,d 
0.0c,d

15–18 All/any type 
All/HR–HPV 
All/HPV16/18

15.2c 
12.6c,d 
6.5c,d

Hussain  
et al25

India Public school students 8–17 
(14.1)

Sampled in private PCR with MY primers  
(any type $ 36 types)

458 All/any type 
All/HPV16 
All/HPV18

3.3 
2.2 
0.4

Part B
Rymark  
et al33

Sweden STD and  
adolescent  
clinic  
patients

Present or history  
of genital warts

16–21 (18.6) After Pap with  
a cotton swab,  
urethral samples

In-house PCR  
(any type = five types) 
Type-specific concordance  
based on five types

24 24 (100) All/any type 
All/Type-specific HPV 
Normal (54) 
CIN1 (42) 
CIN2 (4)

70.8f 62.5 83.3 
100.0

93.3 66.7

Gynecological  
complains

15–21 (18.3) 25 25 (100) All/any type 
Normal (80) 
CIN1 (12) 
CIN2 (4) 
NA (4)

16.0f 12.0 96.0 100 95.5

Forslund  
et al29

Sweden Colposcopy clinic referral.  
Suspected cytological changes

17–79 (37) After gynecological  
exam without  
prior washing

In-house PCR  
(any type = –) and  
dot blot analysis.  
Type-specific concordance  
based on six types

512g 489 (95.5) All/any type 
All/type-specific HPV 
Benign/any type (64) 
CIN 1/2/3/any type (30) 
Cancer/any type (1) 
Genital warts/any type (5)

38.2 
 
24.8 
61.2 
50.0 
73.9

49.3 
 
32.1 
81.0 
75.0 
78.3

77.1 
90.5 
78.7 
73.5 
75.0 
78.3

65.6 
 
55.4 
71.4 
66.7 
83.3

88.3 
 
89.7 
82.1 
100.0 
60.0

Strauss  
et al37

UK Randomly selected  
genitourinary clinic patients

16–57 (26) Mid-stream  
urine

PCR with MY and  
GP primers  
(any type $ 36 types)

144 136 (94.4) All/any type 65.4 77.9 75.7 76.4 73.3

Jacobson  
et al31

USA Consecutively enrolled STD  
and adolescent clinic patients

11–20 (17.5)h First-void PCR with MY primers  
(any type = 34 types) and  
hybrid capture probe B 
Type-specific concordance  
based on six HR types

80 80 (100) All/any type 
All/type-specific HPV 
All/HPV16 
All/HPV18 
Normal/any type (62) 
ASCUS/any type (19) 
LSIL-HSIL/any type (19)

75.0 
 
11.2 
23.3 
65.3 
86.7 
100

90.0 
 
21.3 
9.6 
83.7 
100 
100

82.5 
40.0i 
82.5 
98.8

81.9 
 
35.3 
100

87.5 
 
95.2 
98.6
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et al34

Canada Colposcopy clinic referral.  
Abnormal cytology

(31.5) First-void urine after  
self-sampled vulvar  
and vaginal sample,  
but prior to cervical  
sampling

HC II  
(any type = 17 types)

245 200j (81.6) All/any type 
LSIL (27) 
HSIL (36) 
ASCUS (37) 
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34.5 62.5 41.0k
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and family planning clinic  
patients. Married and sexually  
active. Complaints other than  
gynecological

18–35 Prior to cervical  
sampling using dry  
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(Continued)
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Table 1 (Continued)

Author Country Recruitment setting/  
patient characteristics

Age, years 
range (mean)

Urine sampling  
procedure

HPV types – assays  
(types detected)a

Total 
sample size

Samples with human  
genomic DNA (%)

Lesions/HPV  
types (% lesions)

HPV positivity  
in urine samples (%)

HPV positivity in  
cervical samples (%)

Concordance 
(%)

Sensitivity 
(%)

Specificity 
(%)

Alameda  
et al26

Spain Gynecological clinic patients.  
Women with poor  
gynecologic attention

28–55 (36) Prior to cervical  
sampling

PCR with MY primers  
and papillomavirus clinical  
array (any type = –)

50 50 (100) All/any type 
All/HPV16 
LSIL/any type (32) 
HSIL/any type (28) 
ASCUS/any type (40)

22.0 
16.0 
6.3 
71.4 
0.0

34.0 
22.0 
31.3 
85.7 
0.0

80.0 
90.0 
75.0 
57.1

52.9 
63.6 
20.0 
66.7

93.9 
97.4 
100.0

Daponte  
et al28

Greece Colposcopy clinic referral.  
Abnormal cytology

First-void urine  
prior to colposcopy  
and cervical  
sampling

In house type-specific  
primers and commercial  
type-specific E6 primers  
for HPV16 and HPV18

77 77 (100) All/HPV16/18 
Low grade/HPV16/18 (51) 
High grade/HPV16/18 (38) 
Cancer/HPV16/18 (12)

33.8 
12.8 
44.8 
88.9

48.1 
28.2 
58.6 
100

85.7 
18.7k 
51.0k 
92.4k

70.3 
45.5 
76.5 
88.9

100.0 
100.0 
100.0

Gupta  
et al30

India Invasive cancer clinic patients (41.7) Prior to biopsy or  
cervical sampling

In house L1 consensus  
primers (any type = –)

30 28 (93.3) All/any type 
All/HPV16

82.1 
67.9

83.3d 
70.0d

100 
100

100 
100

100 
100

Healthy women (controls) (42.1) 30 30 (100) All/any type 
All/HPV16

26.7 
16.7

26.7 
16.7

100 
100

100 
100

100 
100

Song  
et al35

South Korea Consecutively enrolled  
gynecological clinic patients

26–77 (45.2) Two weeks after  
cervical sampling

HPV DNA chip  
(any type = 22 types)

100 90 (90.0) All/any type 
All/HPV16 
All/HPV18 
CIN/any type (48) 
CIN/HPV16 
CIN/HPV18 
Cancer/any type (27) 
Cancer/HPV16 
Cancer/HPV18 
C.Cervicitis/any type (26) 
C.Cervicitis/HPV16 
C.Cervicitis/HPV18

52.2 
34.4 
3.3 
62.8 
37.2 
4.7 
70.8 
50.0 
4.2 
13.0 
8.7 
0

70.0d 
38.0d 
5.0d 
83.3d 
35.4d 
6.3d 
89.7d 
62.1d 
6.9d 
17.4d 
13.0d 
0

69.3k 
64.0k 
58.0k

 
65.9 
40.0

 
95.7 
98.8

Payan  
et al32

France Gynecological clinic patients.  
Gynecologist referred/ 
consulting patients

First-void urine  
after cervical  
sampling

In house L1 consensus  
primers (any type = –)

333l 177 (100) All/any type 37.3 45.0d 93.2k 91.2 96.3

Bissett  
et al27

UK Routine colposcopy  
clinic patients

Sampled at clinic Modified GP primer  
protocol  
(HR-HPV = 13 types)

264 253 (95.8) All/HR-HPV 
All/HPV16/18 
Normal/HR-HPV (20) 
Normal/HPV16/18 
Borderl/mild/HR-HPV (50) 
Borderl/mild/HPV16/18 
Mod/severe/HR-HPV (30) 
Mod/severe/HPV16/18

70.4 
30.0 
55.3 
19.1 
70.8 
26.7 
79.2 
43.1

80.6 
38.3 
57.4 
19.1 
82.5 
35.0 
91.7 
56.9

57.9k 
76.5k

83.8 
75.3 
85.1 
88.9 
83.8 
76.2 
84.8 
70.7

85.7 
98.1 
85.2 
97.4 
90.5 
100 
83.3 
93.5

Cuschieri  
et al18

Scotland Recruited from a drop-in  
sexual health service clinic

16–25 Sampled at clinic HPV INNO–LiPAe  
(any type = 27 types,  
type-specific 27 types)

90 All/any type 
Type-specific HPV

66.7 58.9 59.8k 
70.8

90.6 67.6

Notes: aRefers to the assay used to detect overall HPV prevalence; bremaining samples were excluded for other reasons; cweighted prevalence; dbased on “Total sample 
size” and not “Samples with human genomic DNA;” eHPV Genotyping Extra assay (Innogenetics); furethral samples instead of urine; gpaired urine and cervical samples from 
343 females; hmedian value; itype-specific concordance calculated for HPV types for which five or more women had prevalent infection at least at one site; jincomplete for 
various reasons, including insufficient DNA; kkappa statistics; lonly 177 urine samples were obtained.
Abbreviations: MY, MY09/MY11/( HMB01) primer system; GP, GP primer system; HCII, Hybrid capture II; E6, E6 primer system; Mod/severe, Moderate/Severe; Borderl, 
Borderline; HR, high risk; STD, sexually transmitted disease; LSIL, low-grade squamous intraepithelial lesions; HSIL, high-grade squamous intraepithelial lesions; ASCUS, 
atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; PCR, polymerase chain reaction; PAP, papanicolaou test; NA, not available;  
INNO-LIPA, (Innogenetics-line probe assay).

samples and urine samples had the lowest human genomic DNA 

detection rate, with 56.1% and 57.0%, respectively, compared 

to 78.8%–95.1% from other urogenital sites.

Technical issues affecting human genomic 
DNA and HPV DNA detection
To illustrate some of the technical variability in these 

studies, we have listed the urine sampling procedure and 

the DNA detection method used (Tables  1 and 2). The 

most common urine sampling procedure in both female 

and male populations was first-void urine in contrast to 

mid-stream urine, which Vorsters et al17 suggested would be 

preferable if the goal were to analyze a maximum number 

of exfoliated cells. The order of urine and cervical sampling 

may also affect the HPV DNA detection rate in urine, and 

some studies have suggested that it is preferable to collect 
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Table 1 (Continued)

Author Country Recruitment setting/  
patient characteristics

Age, years 
range (mean)

Urine sampling  
procedure

HPV types – assays  
(types detected)a

Total 
sample size

Samples with human  
genomic DNA (%)

Lesions/HPV  
types (% lesions)

HPV positivity  
in urine samples (%)

HPV positivity in  
cervical samples (%)

Concordance 
(%)

Sensitivity 
(%)

Specificity 
(%)

Alameda  
et al26

Spain Gynecological clinic patients.  
Women with poor  
gynecologic attention

28–55 (36) Prior to cervical  
sampling

PCR with MY primers  
and papillomavirus clinical  
array (any type = –)

50 50 (100) All/any type 
All/HPV16 
LSIL/any type (32) 
HSIL/any type (28) 
ASCUS/any type (40)

22.0 
16.0 
6.3 
71.4 
0.0

34.0 
22.0 
31.3 
85.7 
0.0

80.0 
90.0 
75.0 
57.1

52.9 
63.6 
20.0 
66.7

93.9 
97.4 
100.0

Daponte  
et al28

Greece Colposcopy clinic referral.  
Abnormal cytology

First-void urine  
prior to colposcopy  
and cervical  
sampling

In house type-specific  
primers and commercial  
type-specific E6 primers  
for HPV16 and HPV18

77 77 (100) All/HPV16/18 
Low grade/HPV16/18 (51) 
High grade/HPV16/18 (38) 
Cancer/HPV16/18 (12)

33.8 
12.8 
44.8 
88.9

48.1 
28.2 
58.6 
100

85.7 
18.7k 
51.0k 
92.4k

70.3 
45.5 
76.5 
88.9

100.0 
100.0 
100.0

Gupta  
et al30

India Invasive cancer clinic patients (41.7) Prior to biopsy or  
cervical sampling

In house L1 consensus  
primers (any type = –)

30 28 (93.3) All/any type 
All/HPV16

82.1 
67.9

83.3d 
70.0d

100 
100

100 
100

100 
100

Healthy women (controls) (42.1) 30 30 (100) All/any type 
All/HPV16

26.7 
16.7

26.7 
16.7

100 
100

100 
100

100 
100

Song  
et al35

South Korea Consecutively enrolled  
gynecological clinic patients

26–77 (45.2) Two weeks after  
cervical sampling

HPV DNA chip  
(any type = 22 types)

100 90 (90.0) All/any type 
All/HPV16 
All/HPV18 
CIN/any type (48) 
CIN/HPV16 
CIN/HPV18 
Cancer/any type (27) 
Cancer/HPV16 
Cancer/HPV18 
C.Cervicitis/any type (26) 
C.Cervicitis/HPV16 
C.Cervicitis/HPV18

52.2 
34.4 
3.3 
62.8 
37.2 
4.7 
70.8 
50.0 
4.2 
13.0 
8.7 
0

70.0d 
38.0d 
5.0d 
83.3d 
35.4d 
6.3d 
89.7d 
62.1d 
6.9d 
17.4d 
13.0d 
0

69.3k 
64.0k 
58.0k

 
65.9 
40.0

 
95.7 
98.8

Payan  
et al32

France Gynecological clinic patients.  
Gynecologist referred/ 
consulting patients

First-void urine  
after cervical  
sampling

In house L1 consensus  
primers (any type = –)

333l 177 (100) All/any type 37.3 45.0d 93.2k 91.2 96.3

Bissett  
et al27

UK Routine colposcopy  
clinic patients

Sampled at clinic Modified GP primer  
protocol  
(HR-HPV = 13 types)

264 253 (95.8) All/HR-HPV 
All/HPV16/18 
Normal/HR-HPV (20) 
Normal/HPV16/18 
Borderl/mild/HR-HPV (50) 
Borderl/mild/HPV16/18 
Mod/severe/HR-HPV (30) 
Mod/severe/HPV16/18

70.4 
30.0 
55.3 
19.1 
70.8 
26.7 
79.2 
43.1

80.6 
38.3 
57.4 
19.1 
82.5 
35.0 
91.7 
56.9

57.9k 
76.5k

83.8 
75.3 
85.1 
88.9 
83.8 
76.2 
84.8 
70.7

85.7 
98.1 
85.2 
97.4 
90.5 
100 
83.3 
93.5

Cuschieri  
et al18

Scotland Recruited from a drop-in  
sexual health service clinic

16–25 Sampled at clinic HPV INNO–LiPAe  
(any type = 27 types,  
type-specific 27 types)

90 All/any type 
Type-specific HPV

66.7 58.9 59.8k 
70.8

90.6 67.6

Notes: aRefers to the assay used to detect overall HPV prevalence; bremaining samples were excluded for other reasons; cweighted prevalence; dbased on “Total sample 
size” and not “Samples with human genomic DNA;” eHPV Genotyping Extra assay (Innogenetics); furethral samples instead of urine; gpaired urine and cervical samples from 
343 females; hmedian value; itype-specific concordance calculated for HPV types for which five or more women had prevalent infection at least at one site; jincomplete for 
various reasons, including insufficient DNA; kkappa statistics; lonly 177 urine samples were obtained.
Abbreviations: MY, MY09/MY11/( HMB01) primer system; GP, GP primer system; HCII, Hybrid capture II; E6, E6 primer system; Mod/severe, Moderate/Severe; Borderl, 
Borderline; HR, high risk; STD, sexually transmitted disease; LSIL, low-grade squamous intraepithelial lesions; HSIL, high-grade squamous intraepithelial lesions; ASCUS, 
atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; PCR, polymerase chain reaction; PAP, papanicolaou test; NA, not available;  
INNO-LIPA, (Innogenetics-line probe assay).

the urine sample first (reviewed in Sehgal et al).21 In the 

female populations listed in Table 1, urine sampling was 

not always carried out prior to cervical sampling and was 

sometimes done after washing the genitals. For HPV DNA 

detection, variants of the MY09/MY11 primer were most 

commonly used, but other primers, such as general primer 

GP5+/6+, in-house primers, E6-primers, hybrid capture II, 

and DNA chip assays were also used. In summary, the 

technical variability may contribute substantially to HPV 

DNA detection rates.

Discussion
According to the World Health Organization (WHO), 

33 countries have implemented HPV vaccination as part of 

their national immunization program.41 Generally, vaccina-

tion is provided to girls, and it is therefore recommended to 
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Figure 1 Human papillomavirus prevalence by age in urine samples from 
asymptomatic populations.
Abbreviation: HPV, human papillomavirus.
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Figure 2 Human papillomavirus prevalence by age from paired urine and cervical 
samples from symptomatic populations (any HPV).
Notes: Dashed line represents urine samples, solid line represents cervical samples.
Abbreviation: HPV, human papillomavirus.

monitor the impact of vaccination on HPV prevalence among 

female adolescents.15 In August 2012, we identified four 

publications that reported HPV prevalence in urine samples 

from asymptomatic female adolescents. HPV prevalence has 

been strongly associated with age, being nearly nonexistent 

in preadolescents, gradually increasing with sexual activity 

among adolescents, and generally peaking around 25 years 

of age.42 However, regional differences in HPV prevalence do 

exist.43 Therefore, the first step when monitoring HPV preva-

lence is to establish the baseline HPV prevalence in the rele-

vant age groups. To date, only Hussain et al and O’Leary et al 

reported baseline HPV prevalence based on urine samples 

from a large unvaccinated adolescent population.24,25 The 

Hussain et  al25 study from India used self-collected urine 

samples from healthy children attending public school and 

achieved a 57.3% participation rate. O’Leary et al24 analyzed 

urine samples from 11–18-year-old school and college males 

(1121) and females (1341) in Scotland 4  months before 

vaccination was introduced in the national immunization 

schedule in 2008. A limitation of the study was that the esti-

mated response rate for providing a urine sample was as low 

as 14%. While the low response rate can introduce bias and 

lead to erroneous estimates of the overall HPV prevalence, it 

was not directly related to the sampling method and probably 

reflects a general challenge to achieve high response rates 

in this age group. This, in turn, could partially explain why 

only few studies measuring HPV prevalence in urine samples 

from female adolescents in the general population have been 

performed and published.

The five studies that reported HPV prevalence by lesion 

severity showed a similar association for paired urine and 

cervical samples, with higher HPV prevalence in the most 

severe lesions. There were major variations in HPV preva-

lence in urine samples across the studies. This is to some 

degree related to regional differences in HPV prevalence,43 

the age distribution of the different study populations,43 and 

the setting in which the women were recruited. There were 

also differences in sampling procedures and HPV detection 

methods, including the number of types detected by a given 

assay. It is therefore not possible, as Vorsters et al17 pointed 

out, to perform a meta-analysis on the present urine-based 

HPV prevalence studies.

Detection of human genomic DNA is commonly used to 

control for the adequacy of samples for HPV detection. Studies 

including female populations showed a high detection rate of 

human genomic DNA in urine samples (83%–100%), while 

male populations showed a larger range of detection rates 

(30%–100%). In an HPV monitoring setting, a low human 

genomic DNA detection rate would lead to reduced coverage 

and create a concern of bias in HPV estimates. In general, 

studies on female populations in this review indicated that high 

detection rates of human genomic DNA are feasible.

In cervical screening the main focus is to detect HPV 

or cervical abnormalities at the individual level, while 

population-based HPV prevalence is used more in a monitor-

ing or epidemiological setting. Therefore, although prevalence 

in urine samples was lower than in cervical samples in the 

studies included in this review, monitoring by regular urine 

measurements over time may still be a useful way of iden-

tifying shifts in HPV prevalence due to imparted immunity 

against vaccine HPV types. However, the differences in HPV 

concordance of paired urine and cervical samples illustrates 
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y) that HPV positivity in urine should be interpreted indepen-

dently of the cervix and that care should be taken when 

inferring that a similar change is taking place in the cervix. 

On the other hand, HPV detection in urine samples could 

be considered an independent measurement of the impact 

of HPV vaccination but it would have only limited public 

health interest. Furthermore, we observed that HPV negativ-

ity in the cervix commonly predicted an HPV-negative result 

in the urine as well, while HPV positivity in the cervix less 

commonly predicted HPV positivity in the urine. Although 

Daponte et al showed an increased concordance with increased 

lesion severity for any HPV type, other studies like Alameda 

et al,26 Rymark et al,33 and Gupta et al30 showed a relatively 

high concordance, even in populations where HPV prevalence 

is low. The variability of HPV16/18-specific concordance, the 

types included in both of the available HPV vaccines, further 

exemplifies the uncertainty of using urine samples to estimate 

future changes in the incidence of cervical lesions.

The most comprehensive monitoring of changes in HPV 

prevalence would be carried out by establishing baseline HPV 

prevalence before measuring any impact of vaccination as 

well as regular measurements of HPV prevalence in both vac-

cinated and unvaccinated females and males. The age group 

(or groups) and sample size to include in HPV monitoring 

should be carefully selected to assure there is enough statisti-

cal power to identify changes in overall HPV prevalence as 

well as HPV type-specific changes. Models suggest that there 

will be a significant reduction in the prevalence of vaccine 

HPV types in males in the future because after vaccina-

tion, fewer girls will transmit HPV to their male partners.44 

Monitoring HPV prevalence in males could therefore be a 

near-term end point that could also help to estimate the effect 

of herd immunity. However, monitoring HPV prevalence in 

males presents several challenges. The differences in HPV 

prevalence across different urogenital sites illustrates that no 

single site repeatedly shows the highest HPV DNA detection 

rate and that urine in particular has a relatively low HPV DNA 

detection rate compared to other sites. In addition, male urine 

generally has a lower detection rate for human genomic DNA 

than samples from other urogenital sites. With lower detection 

rates for human genomic DNA, a larger sample size would 

be needed to detect changes with the same power as other 

urogenital sites. Based on these aspects, other anatomical 

sites seem more favorable for males.

Monitoring changes in HPV prevalence requires regu-

lar prevalence measurements over many years. A protocol 

with sufficient detail on technical and practical issues that 

influence HPV detection is therefore necessary to ensure 
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comparability between these measurements. This includes, 

among other issues, urine sampling procedure, handling 

of samples, extraction of DNA, and assay used for HPV 

genotyping.17 In addition it might be useful to store an extra 

aliquot of extracted DNA from each regular measurement to 

be able to perform HPV genotyping on all DNA collected 

from urine samples over many years. This would also allow 

for using any novel genotyping technology that may have 

developed during the monitoring period. Information on more 

aspects of HPV monitoring can also be found in the Human 

Papillomavirus Laboratory Manual issued in 2009 by the 

WHO HPV Laboratory Network (WHO HPV LabNet).45 This 

manual covers guidance on specimen collection and handling 

for HPV testing, with the aim to assist in establishing the 

laboratory support required for implementation and moni-

toring of HPV vaccination programs. Several of the WHO 

HPV LabNet members are actively undertaking studies of 

HPV detection in urine, and a leading role for the WHO HPV 

LabNet in further standardizing and optimizing the technol-

ogy for HPV detection in urine seems appropriate.18,45,46

This is the first review that focuses solely on the use of 

urine to monitor changes in HPV prevalence in an asymp-

tomatic population. The major shortcoming of this review 

is that, to date, there are few studies on the topic. We have 

therefore included studies from symptomatic populations 

and older populations that used urine for purposes other 

than monitoring, although these are not comparable to 

asymptomatic adolescents in all aspects. In addition, the 

studies highlighted in the present review as well as in 

the reviews of Vorsters et al17 and Seghal et al,21 showed that 

the large variability in sampling and genotyping method-

ology make direct comparisons of data, like concordance, 

inaccurate.17,21

Assuming a future reduction in overall HPV prevalence 

and vaccine HPV type-specific prevalence and using urine 

testing as a monitoring method, care should be taken when 

interpreting the data. Indeed the data may not necessarily 

mimic the true HPV distribution in the cervix nor estimate 

the expected reductions in cervical cancer and high-grade 

lesions, as indicated by variable vaccine HPV type-specific 

(HPV16/18) concordance between paired urine and cervi-

cal samples. There is great scientific and political interest 

in monitoring the early effects of HPV vaccination in the 

general population. However, monitoring HPV prevalence as 

an early measurement of vaccine impact is only possible in 

a few countries as substantial financial and human resources 

are needed as well as a 5–10-year commitment in order to 

demonstrate results.16

Conclusion
Urine is an adequate alternative biospecimen for monitoring 

HPV prevalence in female adolescents to determine the early 

effect of HPV vaccination on a population level. Strategies for 

recruitment should be optimized to avoid low response rates, 

sampling and HPV detection protocols should be detailed and 

standardized to ensure comparability, and importantly, care 

should be taken when extrapolating findings to the cervix. 

In males, urine samples do not seem to be optimal for moni-

toring HPV prevalence due to a low human genomic DNA 

content compared to other urogenital sites. Although urine 

sampling has some advantages and is the only relevant option 

for sampling the general population in the youngest age 

groups, it also has several disadvantages, most importantly 

the fact that HPV prevalence in urine is only a distant measure 

of the main end point of vaccine impact, cervical cancer. In 

each situation the costs and benefits of HPV DNA detection 

in urine, compared to alternative monitoring options, should 

be carefully considered.16,47
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