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A B S T R A C T   

Background: Human papillomavirus (HPV) causes a serious socioeconomic burden globally. However, there is 
currently no consensus on the optimal sampling method for HPVDNA genotyping in circumcised heterosexual 
men. This study aimed to determine the diagnostic efficacy of 6 different anatomic sampling sites in HPV DNA 
polymerase chain reaction (PCR) testing of circumcised heterosexual men with genital warts. 
Methods: The study included circumcised heterosexual men who presented to our clinic with complaints of 
genital warts. Swab samples were obtained from the penile shaft (PS), scrotum, coronal sulcus (CS), and external 
urethral meatus (EUM). First-void urine (FVU) and genital wart biopsy (GWB) were also tested for HPV DNA by 
PCR. 
Results: A total of 32 patients (mean age: 36.9 ± 6.9 years) were included. None of the six samples studied was 
sufficient on its own to reveal all HPV types detected in a patient. When the samples were analyzed individually, 
GWB detected an average of 49.5% of total HPV types in a patient. This rate was 50.5% for PS, 40.4% for CS, 
31.6% for scrotum, 26.3% for EUM, and 15.8% for FVU samples. The detection rate increased to 75.8% with 
combined testing of GWB and PS samples, 83.2% with GWB/PS/CS, 90.5% with GWB/PS/CS/scrotum, and 
98.9% with GWB/PS/CS/scrotum/EUM samples. 
Conclusion: No single anatomic region or sample type can detect all HPV types present in circumcised hetero
sexual men by PCR assay. The detection rate approaches 99% when wart biopsy is combined with swab sampling 
of the penile shaft, coronal sulcus, scrotum, and external urethral meatus.   

1. Introduction 

Human papillomavirus (HPV) is currently the most common sexually 
transmitted pathogen in the world, and sexually active women and men 
are infected at least once in their lifetime without developing any clin
ical signs [1]. HPV can have an extremely negative impact on an 

individual’s social life. However, another property of HPV responsible 
for its global socioeconomic burden is its oncogenicity [2]. Ninety 
percent of HPV infections are controlled by host adaptive immunity, 
thereby remaining in the latent phase and becoming undetectable and 
asymptomatic over time [3]. These patients are misdiagnosed and act as 
HPV reservoirs, which constitutes the greatest barrier to infection con
trol. As viral clearance of HPV depends on host immune constitution, it 
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is not clear how long infectivity may continue. Another important 
problem in the diagnosis of HPV in asymptomatic patients is the nature 
of the virus itself. Because HPV does not cause viremia like other viruses 
and infection is associated with very low inflammation, the diagnostic 
effectiveness of serological tests is debatable [4]. Therefore, nucleic acid 
amplification tests such as polymerase chain reaction (PCR) are 
currently used as the gold standard for HPV genotyping [5]. 

PCR is valuable in terms of revealing multiple genotypes in a single 
sample, as well as showing viral load. However, the approach to sam
pling for the detection of HPV DNA in HPV infections is still unclear. 
This is an especially important problem in men. Although the United 
States Food and Drug Administration (FDA) has approved HPV tests 
based on cervical sampling for women, for various reasons there is no 
approved test for men, which also increases the uncertainty [6]. Genital 
warts are a clinical manifestation of HPV infection in men [4]. When 
genital warts are present, HPV DNA studies are generally conducted on 
the wart itself [7]. However, there is ongoing controversy regarding 
where and how to conduct sampling for HPV DNA testing for men with 
latent or subclinical infection, who have no visible warts, or those who 
have undergone treatment for genital warts. Anal cytobrush sampling is 
an effective method for HPV genotyping in men who have sex with men 
[8,9]. Swab sampling of the inner foreskin is also recommended as an 
anatomic site suitable for genotyping in uncircumcised heterosexual 
men [10]. However, the most appropriate/accurate site(s) for detecting 
HPV infection in circumcised heterosexual men remains unclear. The 
few previous studies exhibit substantial differences in terms of both 
methodology and results. 

The present study was designed to ascertain the diagnostic efficacy of 
genital wart biopsy and concurrent samples obtained from the penile 
shaft, external urethral meatus, coronal sulcus, scrotum, and first-void 
urine for PCR HPV genotyping in circumcised heterosexual men with 
genital warts. 

2. Methods 

2.1. Case selection 

Men who presented to the urology clinic of Antalya Medical Park 
Hospital with complaints of genital warts between January 1 and May 
30, 2022 were evaluated for this study. Heterosexual, circumcised pa
tients with genital warts detected on physical examination were 
included. Uncircumcised men and men who have sex with men were 
excluded. Demographic information was collected from each patient 
included in the study. 

2.2. Sampling 

Six different samples were taken from each patient for PCR analysis. 
Dacron swabs soaked in isotonic saline solution were used for swab 

sample collection. If a wart was present at the sampling site, the sample 
was obtained from an area with no warts. All samples were collected by 
the same specialist clinician.  

1. Penile shaft: Samples were obtained by swiping the swab back and 
forth along the shaft 2–3 times (Fig. 1a).  

2. Scrotum: Swab samples were obtained from the lateral aspect of the 
scrotum to its intersection with the inner thigh (Fig. 1b).  

3. Coronal sulcus: Swab samples were obtained by swiping from the 
circumcision line towards the coronal sulcus to contact the glans 
penis (Fig. 1c).  

4. External urethral meatus: Samples were taken by inserting the swab 
1 cm into the urethral meatus and rotating 360◦ within the urethra 
2–3 times (Fig. 1d). 

5. Genital wart biopsy: Wart biopsies were obtained under local anes
thesia using a 2-mm dermatological single-use Kai© biopsy punch 
(Japan) (Fig. 1e). After biopsy, the base and residual wart tissues 
were electrocauterized. Biopsy samples were placed in a sterile tube 
containing 1 cc of isotonic saline solution. 

6. First-void urine: A 20-ml urine sample was collected from the pa
tient’s first void (Fig. 1f). 

Each swab sample was placed in a separate sterile tube containing 1 
cc of 0.9% saline, and all samples were stored at − 80 ◦C until analysis. 

2.3. PCR analysis 

DNA extraction from the samples was performed using the PREP-NA 
PLUS and PREP-GS PLUS extraction kits (DNA Technology®, Moscow, 
Russia) according to the manufacturer’s instructions. HPV DNA in the 
samples was detected by real-time PCR using a DTprime 5 device (DNA 
Technology®). All samples were tested for low-risk (LR) HPV types (6, 
11, and 44) and high-risk (HR) HPV types (16, 18, 26, 31, 33, 35, 39, 45, 
51, 52, 53, 56, 58, 59, 66, 68, 73, and 82). 

2.4. Ethical approval and statistical analysis 

The study was approved by the ethics committee of Antalya Medical 
Park Hospital Complex (approval no: 001/2022) and written informed 
consent was obtained from all study participants. The study protocol 
conformed to the ethical guidelines stated in the Declaration of Helsinki. 

All statistical analyses were performed using SPSS statistical soft
ware (SPSS for Windows, version 18.0; SPSS Inc, Chicago, IL). Age was 
expressed as mean ± standard deviation (minimum-maximum); other 
categorical data were presented as frequency and percentage. 

3. Results 

A total of 32 patients were included in the study. The mean age of the 
patients was 36.9 ± 9.6 (25–65) years. Nineteen different HPV types 
were detected in the patients by PCR. A single HPV type was detected in 
7 patients (21.8%) and multiple types were detected in 25 patients 
(78.2%). Of those with multiple HPV types, 8 patients (25%) had 2 
types, 5 (15.6%) had 3 types, 6 (18.8%) had 4 types, 4 (12.5%) had 5 
types, and 1 patient each (3.1%) had 6 types and 7 types (Table 1). A 
total of 95 HPV types were detected in the 32 patients. When all the 
samples were evaluated together, 71.9% of the patients (n = 23) had at 
least one HR-HPV type. At least one HPV type was identified by PCR in 
all of the wart biopsy samples. Distribution of the detected HPV types is 
shown in Table 2. 

None of the 6 different sampling sites used in the study was sufficient 
on its own to yield all of the HPV types detected in that patient. When 
the sampling sites were analyzed individually, wart biopsy detected an 
average of 49.5% of the total HPV types detected. This rate was 50.5% 
for penile shaft samples, 40.4% for coronal sulcus samples, 31.6% for 
scrotum samples, 26.3% for external urethral meatus samples, and 

Abbreviations 

CS Coronal Sulcus 
EUM External Urethral Meatus 
FDA United States Food and Drug Administration 
FVU First-void Urine 
GWB Genital Wart Biopsy 
HR High Risk 
HPV Human papillomavirus 
LR Low Risk 
PS Penile Shaft 
PCR Polymerase Chain Reaction 
STD Sexually Transmitted Disease  
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15.8% for first-void urine samples. 
The detection rate increased to 75.8% with the combination of wart 

biopsy and penile shaft sampling, 83.2% with the combination of wart 
biopsy, penile shaft, and coronal sulcus sampling, 90.5% with the 
combination of wart biopsy, penile shaft, coronal sulcus, and scrotum 
samples, and 98.9% when wart biopsy, penile shaft, coronal sulcus, 
scrotum, and external urethral meatus samples were evaluated 
(Table 3). 

4. Discussion 

At present, the management of HPV genotyping in men is 

controversial. When the published articles focusing on this subject are 
examined, it can be seen that they are quite limited. This limitation is 
related to methodological differences rather than case numbers. Previ
ous studies often investigated HPV DNA either in asymptomatic pa
tients, those with a concomitant sexually transmitted disease (STD), or 
in patients in whom HPV DNA has been detected in their partner [11]. In 
addition, there is no consensus in the guidelines on sampling and 
management in the diagnosis of HPV in men. To our knowledge, this 
study is the first to evaluate the effectiveness of sampling six different 
anatomical regions for HPV genotyping in circumcised heterosexual 
men with genital warts. In our opinion, another cause of the limitations 
in these studies is the FDA, which has not yet approved any test for HPV 

Fig. 1. Sampling: (a) Penile shaft, (b) Scrotum, (c) Coronal sulcus, (d) External urethral meatus, (e) Wart biopsy punch, (f) First-void urine.  

Table 1 
HPV types detected in the tested samples.  

Case no Penile shaft Scrotum Coronal Sulcus Ext.Urethral Meatus Wart Biopsy First-Void Urine Total 

1 6 6 6 – 6 – 6 
2 52 6 6, 44 6 6, 44 neg 6, 44, 52 
3 6 6, 33 6 6 6 6 6, 33 
4 66 66, 53 6, 11 66 6, 11, 66 neg 6, 11, 53, 66 
5 53 – 6,53 18 6 – 6, 18, 53 
6 6, 51, 66 6 51, 66, 68 6, 51, 66 6, 18, 66 6 6, 18, 51, 66, 68 
7 6 6 6 – 6 – 6 
8 6 – – – 6 – 6 
9 56 – 6 – 6 – 6, 56 
10 18 6 – – 6 – 6, 18 
11 6, 16 16 58, 73 26 6 – 6, 16, 26, 58, 73 
12 16, 51 11 6,11 – 11 – 6, 11, 16, 51 
13 6, 53 6, 18, 73 6 11, 26 6 66 6, 11, 18, 26, 53, 66, 73 
14 66, 53, 59 – 53 – 73 – 53, 59, 66, 73 
15 – – – 11 6 – 6, 11 
16 6 6 6 6 6 6 6 
17 66, 56 11 6 – 6 11 6, 11, 56, 66 
18 6,18 – – – 6 – 6, 18 
19 59 – – – 6,44 – 6, 44, 59 
20 11 11 11 11 11 11 11 
21 6 6 – – 6  6 
22 31, 35, 53, 66 31, 35, 53, 66 31, 35, 66 66 6,66 35,66 6, 31, 35, 53, 66 
23 6 – – 6 6 – 6 
24 – – – 31, 35 16, 6, 44, 11 35 6, 11, 16, 31, 35, 44 
25 6, 66 31,68 6, 31, 53 6, 31 6 6,31 6, 31, 53, 66, 68 
26 – – – – 6,11 – 6,11 
27 6, 56 6 6 6 6 6 6,56 
28 6, 44, 59 6,44 6, 44, 59 6, 44 6, 59 6 6, 44, 59 
29 6 6,66 6 6 6 6 6, 66 
30 11,16 – 16, 35 56 11, 16 – 11, 16, 35, 56 
31 11,16 11 11 11 11, 59 – 11, 16, 59 
32 39,52 – 6, 39 – 6, 18 – 6, 18, 39, 52  
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detection in men. This decision may result in inadequate treatment of 
established HPV infection in men. However, HPV infection in men 
continues to constitute an important economic and social burden, and 
researchers are aware of the importance of detecting HPV DNA in 
asymptomatic men in terms of infection control. From an economic 
point of view, the direct total cost of HPV infection acquired by men 
before the age of 24 years is over 62 million dollars per year. Of course, 
by comparison, this figure increases to 2.8 billion dollars in women [12]. 

Studies have shown that being uncircumcised is a risk factor for STDs 
[13]. However, the relationship between circumcision and HPV has long 
been a subject of debate. Previous studies have found that unlike other 
STDs, circumcision is not protective against HPV infection [14]. Her
nandez et al. reported that uncircumcised men showed reduced viral 
clearance of both oncogenic and non-oncogenic HPV types [15]. Zu et al. 
reported in a recent meta-analysis that the prevalence of genital HPV 
infections was lower in circumcised men, but there was no clear evi
dence associating circumcision with decreased HPV acquisition, 
increased HPV clearance, or lower prevalence of genital warts [16]. 

The multiple sampling approach is highly valuable in HPV DNA 
genotyping in men, as emphasized in published articles. HPV DNA not 
detected in one sample may be detected in another sample. The 
important point here is knowing which anatomic sites to sample and 
how to collect the samples correctly. The presence of multiple HPV types 
in 78.2% of the patients in our study demonstrates that the aim of 
sampling should not be single HPV DNA but maximum HPV genotype 
detection. This finding is remarkable. However, in previous studies, 
sampling methods that detected at least one HPV DNA or HR-HPV were 
considered significant [17]. Due to the high prevalence of multiple HPV 
types in the present study, we did not make such an evaluation of the 
obtained samples. 

Genital warts are known to be benign lesions primarily caused by LR- 
HPV types, especially HPV types 6 and 11 [18]. Considering all samples 
of patients with genital warts in this study, it is noteworthy that at least 
one HR-HPV type was detected in 71.9%, and 31.2% even had at least 
one HR-HPV type detected by wart biopsy alone. In our opinion, 
although warts are caused by LR-HPV types, it should be kept in mind 
that there is a high association with HR-HPV. 

We believe that direct PCR analysis of a wart biopsy sample is highly 
valuable in HPV genotyping. This study did not include histopatholog
ical examination of biopsy material. The HPV DNA positivity in all of the 
wart samples shows that a good physical examination of male patients 
with complaints of genital wart complaints is sufficient to determine 
that the warts are associated with HPV infection. In these patients, HPV 
DNA testing without histological examination may be a lower-cost 
alternative approach. Another finding of this study is that when wart 
biopsy was excluded, the total detection rate of the remaining five 
samples remained at 86.3%, as shown in Table 3. This also demonstrates 
the importance of warts in genotyping. Therefore, when performing 
HPV genotyping in a circumcised heterosexual man, a multiple sampling 
approach including the wart itself should be taken. The majority of the 
warts in our study were located around the base of the penis and in the 
infrapubic area. Additional swab samples may be taken from the infra
pubic region after hair removal to increase the detection rate in HPV 
genotyping, especially for patients who are asymptomatic or previously 
treated for genital warts. 

One of the regions sampled in our study was the scrotum. More 
accurately, we sampled the lateral scrotum where it meets the inner 
thigh. This is an anatomic region that has not been emphasized in pre
vious studies. In the clinic, however, we frequently encounter warts in 
this region when genital warts spread, especially in obese patients. The 
moisture in this region and the resulting vulnerability of the skin pre
dispose to infection, especially tinea cruris [19]. In addition, as this area 
is relatively hairless compared to the rest of the scrotum and thigh and is 
thus more suitable for swab sampling, we collected samples from this 
region only instead of sampling from other regions of the scrotum. Ac
cording to the literature, the prevalence of HPV DNA in scrotal samples 
varies between 7.1% and 46.2% [11]. Based on the findings of this 
study, we believe that scrotum sampling is necessary, especially in terms 
of revealing HPV DNA diversity. 

Another sampling site used in this study was the external urethral 
meatus. The urethral meatus is also one of the genital areas where warts 
can be seen, albeit infrequently. The HPV DNA detection rate of urethral 
swab samples has varied between 17.9% and 40.5% in previous studies 
[20,21]. It is notable that this region is a mucocutaneous junction, which 

Table 2 
Distribution of detected HPV types in all samples and wart biopsy samples.   

Frequency among all HPV 
types detected (n) 

Frequency among HPV types detected in 
wart biopsy samples(n) 

Low-Risk HPVs 
Type 6 29.5% (28) 57.5% (27) 
Type11 10.5% (10) 12.8% (6) 
Type 

44 
4.2% (4) 8.5% (4) 

High-Risk HPVs 
Type 

66 
8.4% (8) 6.4% (3) 

Type 
18 

6.3% (6) 4.2% (2) 

Type53 6.3% (6)  
Type16 5.3% (5) 4.2% (2) 
Type 

56 
4.2% (4)  

Type 
59 

4.2% (4) 4.2% (2) 

Type 
31 

3.1% (3)  

Type 
35 

3.1% (3)  

Type 
73 

3.1% (3) 2.1% (1) 

Type 
26 

2.1% (2)  

Type 
68 

2.1% (2)  

Type 
51 

2.1% (2)  

Type 
52 

2.1% (2)  

Type 
33 

1.1% (1)  

Type 
39 

1.1% (1)  

Type 
58 

1.1% (1)  

Total 100% 100%  

Table 3 
HPV detection rateswith different sampling combinations.  

Sampling site Percentage of HPV types 
detected 

Wart biopsy 49.5% 
Wart biopsy + penile shaft 75.8% 
Wart biopsy + penile shaft + coranal sulcus 83.2% 
Wart biopsy + penile shaft + coronal sulcus +

scrotum 
90.5% 

Wart biopsy + penile shaft + coronal sulcus +
scrotum + EUM 

98.9% 

Wart biopsy + penile shaft + coronal sulcus +
scrotum + EUM + FVU 

100% 

If wart biopsy is excluded 

Penile shaft + coronal sulcus 67.4% 
Penile shaft + coronal sulcus + scrotum 76.8% 
Penile shaft + coronal sulcus + scrotum + EUM 85.3% 
Penile shaft + coronal sulcus + scrotum + EUM +

FVU 
86.3% 

EUM: External urethral meatus, FVU: First-void urine. 
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is a histologically relevant site for HPV [22]. Moreover, the external 
urethral meatus is the initial point of contact between host and virus in 
HPV transmission, which is considered one of the basic hypotheses 
regarding the relationship between HPV and urothelial carcinoma of the 
bladder [23]. For this reason, in this study we only sampled the meatus 
and inserted the swab a maximum of 1 cm. In this way, we were careful 
to minimize the discomfort caused by the procedure. 

A noteworthy finding of this study is that the first-void urine sample 
had a very low sensitivity of 15.8% in HPV DNA detection in men. 
However, HPV DNA analysis of first-void urine is currently suggested as 
an alternative to the cervical cytobrush in women. According to the most 
recent meta-analysis, urine testing had 87% sensitivity (95% confidence 
interval: 74–94%) and 91% specificity (95% confidence interval: 
83–96%) for detecting any HPV based on the results of cervical sample 
analysis [24]. In contrast, when previous studies in men are examined, 
despite methodological differences, the HPV detection rate in urine was 
found to be between 6.2% and 22.1% [25,26]. Unlike women, we do not 
think that routine HPV DNA analysis of first-void urine is appropriate for 
circumcised men. 

Similar to previous studies with uncircumcised men, the penile shaft 
appears to be the best anatomical site for HPV DNA detection in 
circumcised men [11,27]. Nevertheless, we think that the coronal sulcus 
is also an important region that should be sampled together with the 
penile shaft for HPV typing in circumcised men. Considering that the 
inner foreskin is one of the routine sampling sites in uncircumcised men, 
the coronal sulcus should also be preferred as an alternative in 
circumcised men. 

Vaccination is currently the most important tool for the prevention of 
HPV infection. While vaccination aims to prevent infection and rein
fection by inducing an effective humoral immune response in the area 
where HPV infection occurs, the actual therapeutic benefit of prophy
lactic vaccines such as HPV vaccines remains in doubt. Currently 
available HPV vaccines include the bivalent (Cervarix®), which targets 
types 16 and 18, the quadrivalent vaccine (Gardasil®), which targets 
types 6, 11, 16, and 18, and the 9-valent vaccine (Gardasil 9®), which 
targets types 6, 11, 16, 18, 31, 33, 45, 52, and 58 [28]. However, the 
burden of HPV-associated cancer and disease remains high despite the 
proven efficacy of HPV vaccines. This and other recently published 
studies have shown that the incidence of HPV types not covered by 
vaccines is becoming increasingly noteworthy [29]. In this study, we 
detected 19 different HPV types in a total of 32 patients. Furthermore, 
types 16 and 18, which are among the most well-known HR-HPV types, 
accounted for only 27% of all HR-HPV types detected. This may be 
interpreted as evidence of the effectiveness of vaccination campaigns. In 
our view, however, the diversity in HPV types observed in this study 
shows that future vaccines should cover many more HPV types. 

The importance of HPV screening for penile cancers should be kept in 
mind. Although penile cancers are rare, the prevalence of HPV in these 
patients has been reported to be between 39.7% and 59.3% [30]. 
Circumcision is known to be an important protective factor against 
penile cancer. However, it is not clear whether circumcision protects 
against HPV infection. The high rate of HR-HPV types detected in the 
circumcised men in this study suggests that HPV screening is beneficial 
for both circumcised and uncircumcised men. 

The main limitation of this study is the limited number of cases. 
Larger series are needed. In addition, collecting samples from the peri
neum, anal region, and oral cavity could also be valuable for compari
son. Further large-scale studies will both support our findings provide 
insight regarding questions that remain to be answered. 

The main findings of this study can be summarized as follows.  

1. For HPV genotyping in circumcised heterosexual men presenting 
with genital warts, there was no single anatomic site or sampling 
type able to detect all HPV types present.  

2. PCR testing of genital wart biopsy samples only had a detection rate 
of 49.5%.  

3. The HPV detection rate reached 98.9% when a combination of 
genital wart biopsy, penile shaft, scrotum, and external urethral 
meatus swab samples were tested. These areas can be considered a 
priority when sampling for HPV DNA analysis in circumcised het
erosexual men. 

4. In asymptomatic patients who have no genital warts or were previ
ously treated, the detection rate remained at 86.3% even with all of 
the sampling sites used in this study. It should be kept in mind that 
this sampling approach may be insufficient to detect all HPV geno
types present in asymptomatic patients.  

5. Although genital warts are often caused by LR-HPV types, 71.9% of 
these patients also have HR-HPV types.  

6. The coexistence of 2 or more HPV genotypes was found in 78.2% of 
circumcised men with genital warts.  

7. First-void urine sample had a very low detection rate (15.8%) and 
should not be considered when sampling in HPV genotyping. 
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[21] Profozić Z, Meštrović T, Savić I, Profozić V. Prevalence of HPV infection in Croatian 
men during a 12-year period: a comparative study of external genital and urethral 

swabs. Cent Eur J Publ Health 2016;24(4):321–5. https://doi.org/10.21101/ 
CEJPH.A4378. 

[22] Sarier M, Ozel E, Duman I, Yuksel Y, Demirbas A. HPV type 45-positive condyloma 
acuminata of the bladder in a renal transplant recipient. Transpl Infect Dis Apr. 
2017;19(2):e12667. https://doi.org/10.1111/tid.12667. 
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