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  2.1 Introduction  

 The diagnosis of human papillomavirus (HPV) infec-
tion can be inferred from morphological, serological, 
and clinical fi ndings. In productive infections, such as 
warts, virus particles of about 50 nm diameter can be 
detected by electron microscopy and by immune detec-
tion of the virus capsid proteins (L1, L2). Immuno-
logical detection of HPV in human cells or tissues has 
been hindered by three main factors: (a) the late, capsid 
proteins are only expressed in productive infections; 
(b) the early proteins are often expressed in low 
amounts in infected tissues; and (c) the lack of high-
quality, sensitive, and specifi c antibodies against the 

viral proteins. Antibodies generated against bovine 
papillomavirus (BPV) late proteins have been widely 
used because of the observed cross-reaction with HPV 
late proteins; however, they have low sensitivity and 
fail to discriminate between HPV types, which is 
essential for disease risk determination. Detection of 
HPV early proteins is even more complicated due to 
the low expression levels generally observed in cells or 
tissues derived from HPV-positive lesions. Antibodies 
against E6 or E7 are available but their use is mostly 
restricted to in vitro assays including the direct visual-
ization in cells or tissues (immunohistochemistry) or 
in protein extracts (Western blots and immune precipi-
tation assays), not always with consistent results. 

 HPV cannot be propagated in tissue culture and 
hence in most cases its accurate identifi cation relies on 
molecular biology techniques. With a double-stranded 
DNA genome of about 8,000 base pairs (bp) in length 
and a well-known physical structure and gene organiza-
tion, tests of choice for detecting HPV from clinical 
specimens are based on nucleic acid probe technology. 
Direct detection of HPV genomes and its transcripts can 
be achieved with hybridization procedures that include 
Southern and Northern blots, dot blots, in situ hybrid-
ization (ISH), Hybrid Capture (HC; formerly DIGENE 
Co., now QIAGEN, MA, USA), and DNA sequencing 
(reviewed in Iftner and Villa,  2003) . A variety of signal-
detection procedures are available that can further 
increase the sensitivity of these assays. The only proce-
dure potentially capable of recognizing all HPV types 
and variants present in the biological specimen is DNA 
sequencing of the viral genome, either after cloning into 
plasmids or by direct sequencing of a polymerase chain 
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2 reaction (PCR) fragment. This method, however, is 
presently labor-intensive and requires expensive equip-
ment. Moreover, direct sequencing of specimens con-
taining multiple HPVs awaits further developments. 

 For HPV genome analysis, hybridization in solid 
phase, such as Southern blot for DNA and Northern 
blot for RNA molecules, is an excellent procedure that 
can generate information with quality, but is time- 
consuming and requires large amounts of highly puri-
fi ed nucleic acids. Moreover, it requires well preserved, 
ideally full-size molecules, and therefore cannot be 
done with any biological specimen, particularly those 
derived from fi xed tissues in which DNA degradation 
is often observed. It is also technically cumbersome 
and time-consuming, not being amenable to large-
scale population studies. ISH is a technique by which 
specifi c nucleotide sequences are identifi ed in cells or 
tissue sections with conserved morphology, thereby 
allowing the precise spatial localization of the target 
genomes in the biological specimen. One great advan-
tage of ISH is that it can be applied to routinely fi xed 
and processed tissues, which overcomes the relatively 
low analytical sensitivity of this method. This can be 
increased by combining PCR to ISH, a procedure 
known as in situ PCR (Nuovo et al.,  1992) . ISH has 
been used to detect messenger RNA (mRNA) as 
a marker of gene expression, where levels of viral 
 proteins are low (Stoler et al.,  1997) . The major limita-
tions of the method are the potential for error in HPV 
typing because of probe cross-hybridization. How-
ever, recent improvements have made it possible for 
this method to be widely used for HPV DNA and 
RNA detection in tissues, with high sensitivities and 
 specifi cities. Viral DNA and RNA can also be detected 
by a series of assays based on PCR. In this case, the 
viral genomes are selectively amplifi ed by a series of 
 polymerization steps, which result in an exponential 
and reproducible increase in the HPV nucleotide 
sequences present in the biological specimen (Iftner 
and Villa,  2003) . A summary of the characteristics and 
usefulness of different HPV detection assays is pre-
sented in Table  2.1 .

   Studies conducted during the last two decades have 
clearly demonstrated the role of HPV infections and 
risk of cervical neoplasia in women (Bosch et al., 
 2008) . In men, however, this knowledge is just starting 
to accumulate. An accurate defi nition of infection and 
identifi cation of HPV-associated diseases in the male 
genital tract is critical (Dunne et al.,  2006 ; Partridge 

and Koutsky,  2006) . Moreover, the natural history 
of HPV-related diseases and transmission of HPV 
between individuals cannot be fully understood with-
out the establishment of proper measures of the preva-
lence and incidence of HPV infections in male subjects. 
The dynamics of HPV infection in special popula-
tions, including immune-defi cient individuals, can also 
be improved with precise measures of HPV exposure 
including both HPV DNA and serology. This chapter 
discusses the different technologies available for detect-
ing HPV infections. Moreover, the differences in ana-
tomical sites and types of specimen collection in men 
are highlighted.  

  2.2 HPV DNA Methods  

 Presently, the two methodologies most widely used for 
genital type detection that have equivalent sensitivities 
and specifi cities are Hybrid Capture version 2 (HC2) 
and PCR with generic primers. Both assays are  suitable 
for high-throughput testing, with automated execution 
and reading, which is a necessary step to be considered 
for use in large epidemiological studies and in clinical 
settings. 

  HC2  is based on hybridization in solution of long 
synthetic RNA probes complementary to the genomic 
sequence of 13 high-risk (16, 18, 31, 33, 35, 39, 45, 51, 
52, 56, 58, 59, and 68) and fi ve low-risk (6, 11, 42, 43, 
44) HPV types, which are used to prepare high (B) and 
low (A) probe cocktails that are used in two separate 
reactions. DNA present in the biological specimen is 
then hybridized in solution with each of the probe 
cocktails allowing the formation of specifi c HPV 
DNA-RNA hybrids. These hybrids are then captured 
by antibodies bound to the wells of a microtiter plate 
that specifi cally recognize RNA-DNA hybrids. The 
immobilized hybrids are detected by a series of reac-
tions that generate a luminescent product that can be 
measured in a luminometer. The intensity of emitted 
light, expressed as relative light units, is proportional 
to the amount of target DNA present in the specimen, 
providing a semiquantitative measure of the viral load. 
HC2 is currently available in a 96-well microplate for-
mat, is easy to perform in clinical settings, and is suit-
able for automation (Lorincz and Anthony,  2001) . 
Furthermore, HC2 does not require special facilities to 
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avoid cross-contamination, because it does not rely on 
target amplifi cation to achieve high sensitivity, as do 
PCR protocols. Often only the high-risk cocktail is 
used, and this reduces the time and cost of the test. The 
U.S. Food and Drug Administration recommended 
cutoff value for test-positive results is 1.0 relative light 
unit (equivalent to 1 pg HPV DNA per 1 ml of sam-
pling buffer). 

 A newly developed HC assay uses RNA probes as in 
HC2, but has been developed to be used in low- resource 
settings ( careHPV , QIAGEN NV). It is designed to be 
a rapid test, able to detect 14 HPV types in about 2.5 h, 

and can be performed outside a specialized laboratory 
by staff with minimal training. The ability of the 
 careHPV  test to detect premalignant lesions was found 
to be 90% in a large study conducted in the rural area of 
China (Qiao et al.,  2008) . 

 The sensitivity and specifi city of  PCR-based meth-
ods  can vary, depending mainly on the primer set, the 
size of the PCR product, the reaction conditions and 
performance of the DNA polymerase used in the 
 reaction, the spectrum of HPV types amplifi ed and the 
 ability to detect multiple types, and the availability of a 
type-specifi c assay. PCR can theoretically produce one 

 Test  Analytical  Clinical  Comments 

 Sensitivity/
specifi city 

 Sensitivity/specifi city for 
CIN3/cervical cancer 

 Based on cell 
morphology 

 Pap smear/tissues 

 Colposcopy 

 Visual inspection 

 Not applicable 

 Not applicable 

 Not applicable 

 Low/high 

 Moderate/low 

 Low/low 

 Detection of HPV 
proteins 

 Immunocito/
histochemistry a  

 Electron 
microscopy a  

 Western blots a  

 Low/high 

 Low/high 

 Low/high 

 Low/low 

 Low/low 

 Low/moderate 

 Detection of HPV genomes 

 Direct methods  Southern blot a, b  

 ISH a, b  

 Dot blot 

 Moderate/high 

 Moderate/moderate 

 Low/high 

 Moderate/high 

 Moderate/moderate 

 Low/high 

 Signal amplifi cation  HC c, d, e   High/high  High/high 

 Target amplifi cation  PCR c, d, e  

 Real-time PCR d, e  

 High/high 

 Very high/high 

 Very high-high/
high-moderate 

 Very high f  

 Detection of anti-HPV antibodies 

 ELISA peptides 

 VLP 

 Fused E6/E7 

 Low/low 

 Moderate/high 

 High/moderate 

 Low/low 

 Low/low 

 Low-moderate/high 

  Table 2.   1 Characteristics of HPV test technologies     

 aTechnically cumbersome and/or time-consuming 
 bRequires DNA and tissue preservation 
 cLess dependent on sampling; can be done in crude samples 
 dSuitable for high-throughput testing and automation 
 eProvides viral load information 
 fNo data available 

Limited because of their 
low-sensitivities 

Highly dependent on 
sampling and tissue 
preservation 

Cannot type HPV 
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2 billion copies from a single double-stranded DNA 
 molecule after 30 cycles of amplifi cation. There fore, care 
must be taken to avoid false-positive results de rived 
from cross-contaminated specimens or re  a gents. Several 
procedures are available to avoid this potential problem 
in using PCR protocols for HPV DNA detection. 

 The most widely used PCR protocols employ con-
sensus primers that are directed to a highly conserved 
region of the L1 gene, since they are potentially capable 
of detecting all mucosal HPV types. Among these are 
the single pair of consensus primers GP5/6 and its 
extended version GP5+/6+ (de Roda Husman et al., 
 1995 ; Jacobs et al.,  1995)  as well as the MY09/11 degen-
erate primers and its modifi ed version, PGMY09/11 
(Gravitt et al.,  2000) . Full distinction of more than 40 
types can be achieved by hybridization with type- 
specifi c probes that can be performed in  different for-
mats, and restriction fragment length polymorphism 
analysis by gel electrophoresis (Bernard et al.,  1994) , 
dot blot hybridization, line strip assays, and microtiter 
plates that are amenable to automation. Recent develop-
ments include the Amplicor HPV test kit (Roche 
Diagnostics, CA, USA) designed to amplify with non-
degenerate primers a short fragment (170 bp) of the L1 
gene of 13 high-risk genotypes. A PCR-based linear 
array HPV product, which exploits the pGMY09/11 
amplifi cation system and is capable of identifying 37 
HPV genotypes, including all high- and low-risk geno-
types in the human anogenital region, is also commer-
cially available (Linear Array HPV Genotyping Test, 
Roche Diagnostics). 

 Another pair of consensus primers is available that 
amplifi es a smaller fragment (65 bp compared to 150 
bp for the GP primers and 450 bp for MY09/11) of the 
L1 gene. This short PCR fragment (SPF)-PCR is 
designed to discriminate between a broad spectrum of 
HPVs in a reverse line blot hybridization (LiPA) 
(Kleter et al.,  1999) . Tests that rely on shorter frag-
ments of the viral genome are considered to be more 
sensitive and amenable for less-preserved specimens. 
The SPF and GP5+/6+ systems are widely used in epi-
demiological studies and have being adapted to for-
mats amenable for high-throughput testing. A fast and 
reliable HPV typing method has been developed using 
nonradioactive reverse line blotting (RLB) of GP5+/6+ 
PCR-amplifi ed HPV genotypes. In this way 40 HPV-
positive clinical samples can be simultaneously typed 
for 37 HPV types (14 HR and 23 LR types) (van den 
Brule et al.,  2002) . 

 Recently, PCR protocols based on a 5 ¢ -exonuclease 
assay and real-time detection of the accumulation of 
fl uorescence were developed and named real-time 
PCR. Compared to other assays, such as HC, this is 
considered to be an accurate method of estimating 
viral load, while controlling for variation in the cellu-
lar content of the sample by quantifi cation of a nuclear 
gene. Several studies have shown that the risk of devel-
oping cervical neoplasia is associated with higher copy 
numbers of different HPV types (Gravitt et al.,  2003 ; 
Moberg et al.,  2004 ; Schlecht et al.,  2003) . However, 
there are inherent differences in the assays to deter-
mine viral load that could obscure the interpretation 
and clinical relevance of the results obtained. Further 
studies to evaluate the clinical relevance of viral load 
are warranted. 

 Testing for the presence of more than one HPV type 
in the biological specimen is preferentially done by 
PCR-based methods, since HC2 does not discriminate 
between HPV types. In general, it seems that PCR sys-
tems using multiple primers such as PGMY09/11 and 
SPF-PCR are more robust for detecting multiple infec-
tions than systems using single consensus primers such 
as GP5+/6+. This may especially be true in cases of 
mixed infections where one type is present in large 
amounts, but all types present could be identifi ed by 
very sensitive reverse line blot assays or linear arrays, 
as described above.  

  2.3 HPV RNA Methods  

  HPV RNA  is being considered as an important target 
for the molecular diagnosis of HPV infections. Testing 
for viral RNA aims to evaluate the HPV genome 
expression (and hence their activity in the infected 
cells), unlike HPV DNA assays that detect only the 
presence of viral genomes. The rationale is that the 
presence of transcripts of the HPV oncogenes E6 and 
E7 is a more accurate and specifi c marker of cells at 
risk or already transformed by high-risk HPVs. HPV 
16 E6 and E7 transcripts can be detected with high sen-
sitivity in clinical specimens by employing PCR-based 
methods including reverse transcriptase PCR (RT-PCR) 
(Sotlar et al.,  1998) , quantitative RT-PCR, and real-
time PCR (Lamarcq et al.,  2002) . Recent studies have 
shown that testing for E6/E7 transcripts of HPV 
types 16, 18, 31, 33, and 45 with an RNA-based 
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 real-time nucleic acid sequence-based amplifi  cation 
assay (NASBA; PreTect HPV-Proofer; Norchip, 
Norway) was more specifi c in detecting individuals 
that developed high-grade cervical disease than HPV 
DNA detection by PCR with GP5+/6+ consensus 
primers (Molden et al.,  2005) . Moreover, detection of 
such oncogenic transcripts identifi ed which HPV high-
risk infections persisted without having to perform 
repeat testing (Cuschieri et al.,  2004) . Another impor-
tant application for HPV RNA studies has been sug-
gested by Klaes et al.  (1999) , who developed a method 
( APOT , amplifi cation of papillomavirus oncogene 
transcripts) to differentiate between episomal and inte-
grated HPV oncogene transcripts. The rationale behind 
this method is that in cervical cancers HPV genomes 
are often integrated into the host chromosomes, while 
in normal and premalignant tissues the viral DNA is 
usually kept as episomes. Using this assay, they were 
able to show a strong correlation between detection of 
integrated high-risk HPV transcripts and presence of 
high-grade cervical neoplasia. The main problem with 
these techniques is that RNA is a much more labile 
molecule than DNA, and therefore less available in 
most biological specimens depending on the time and 
type of storage conditions. Therefore, there is great 
interest in collection media capable of preserving 
both DNA and RNA molecules. These include collec-
tion media which contain methanol, shown to preserve 
both the cell morphology and integrity of DNA, 
RNA, and proteins (Cuschieri et al.,  2005 ; Nonogaki 
et al.,  2004) .  

  2.4 Serological Assays  

 At present there is no agreed standard methodology 
for serological assays that measure antibody acquired 
in a present or past HPV infection, although virtually 
all reported studies employ enzyme immunoassays 
(Konya and Dillner,  2001) . Before neutralizing anti-
body assays were made available (Pastrana et al.,  2004) , 
most serological assays were type-specifi c HPV VLP 
ELISA (Carter et al.,  2001) . More recently, an auto-
mated multiplex assay based on the use of Luminex 
beads was developed for the detection of different 
serotypes with the same sensitivity and specifi city 
achieved in the single-type assays (Dias et al.,  2005) . 

 Standardized methodologies that measure total 
serum antibody, neutralizing antibody, and type-specifi c 
antibody concentrations will be necessary. Not all of 
these assays will be routine, but if and when employed 
they must be standard and consistent. These assays 
will require the establishment of an International 
Standard(s) with an arbitrarily assigned unit measure 
or international units (IU). These issues were recog-
nized by the World Health Organization (WHO), who 
established collaborative studies to evaluate reference 
reagents for type-specifi c HPV serologic assays (  http:
//whqlibdoc.who.int/hq/2004/WHO_IVB_04.22.pdf     
and Ferguson et al.,  2006) . Importantly, about half of the 
individuals exposed to HPV never develop measurable 
titers of antibodies, although this scenario will change 
drastically as HPV prophylactic vaccination is imple-
mented in different areas around the world. This infor-
mation is and will be predominantly known in women, 
which underscores the need to better understand the 
natural course of HPV infection and corresponding 
immune responses to HPV in men (Svare et al.,  1997) . 

 It is very important to stress that the analytical sen-
sitivities and specifi cities of HPV tests vary largely, 
depending on the assay characteristics, the type and 
quality of the biological specimen, and the type and 
quality of the reagents employed, including the use of 
different DNA polymerases that affect test perfor-
mance. Moreover, caution should be used to interpret 
such comparisons, because the assays differ in their 
ability to detect different HPV types either as single or 
multiple infections. In general, there are good to excel-
lent agreement rates between tests performed with 
HC2 and generic-PCR employing MY09/11 and 
GP5+/6+ systems. This emphasizes the availability of 
several robust HPV tests. Nevertheless, standardized 
methods and validated protocols, reagents, and refer-
ence samples should be available to assure the best test 
performance in different settings. 

 Although the analytical sensitivities of some HPV 
detection assays can be very high, and therefore valu-
able for addressing the burden of HPV infections epi-
demiologically, their corresponding clinical signifi cance 
is not so evident (Snijders et al.,  2003) . This is because 
several HPV infections do not persist and therefore do 
not lead to clinically relevant disease. Anogenital HPV 
infections are very common in young, sexually active 
populations, including both women and men. However, 
in the latter, the natural history of persistence and dis-
ease development is largely unknown.  
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2   2.5 Detecting HPV Infection in Men  

 Results from different studies of HPV infections in men 
are not always consistent and vary considerably accord-
ing to the anatomical site sampled, the type of collec-
tion, and the HPV DNA test used to ascertain HPV 
presence and type (Baldwin et al.,  2003 ; Dunne et al., 
 2006 ; Giuliano et al.,  2008b,   c ; Nielson et al.,  2007) . 
Among a series of clinical and histopathological tech-
niques, PCR has emerged as the most sensitive method 
to defi ne HPV infection in men. Indeed, this is the 
methodology being used in large cohort studies of the 
natural history of HPV infection and risk of neoplasia 
in men (Giuliano et al.,  2008a ; Svare et al.,  2002 ) (see 
also Chaps. 1, 5, and 6). 

  Specimen Collection Site:  Single and multiple ana-
tomical sites of the male genitalia are often sampled. 
They include the penile shaft, coronal sulcus/glans 
(including the prepuce in uncircumcised men), scro-
tum, urethra, as well as urine and semen (Aguilar 
et al.,  2006 ; Benevolo et al.,  2008 ; Fife et al.,  2003 ; 
Giuliano et al.,  2008a ; Nielson et al.,  2007) . It has 
been shown that specimens from the urethra and semen 
contribute little toward the analysis of HPV DNA 
prevalence and that specimens should be collected from 
the shaft, glans, and scrotum in a combined sample 
(Giuliano et al.,  2007) . 

  Collection Method:  Another most important aspect 
when analyzing HPV infection in men is the variability 
attributable to the collection method. Several methods 
to obtain samples from the male genitalia have been 
described. They include the removal of exfoliated cells 
from the penis surface either by direct scraping with a 
swab or brush (dry or pre-wetted in saline) (see also 
Sect. 3.5 in Chap. 3) or by fi rst abrading the skin with 
a nail fi le followed by removal of cells with a swab 
(Weaver et al.,  2004) . This in fact is the method that is 
being applied to collect cells from the penis of men 
included in a large clinical trial for the quadrivalent 
HPV L1 VLP prophylactic vaccine (Giuliano,  2007) . 
Recently, a systematic study has shown that skin cells 
exfoliated with a swab can be used reliably for HPV 
testing (Flores et al.,  2008) . Moreover, HPV preva-
lence results obtained from self-collected samples in 
men show good agreement with clinician- collected 
samples, which may be considered a suitable alterna-
tive for studies on HPV transmission (Hernandez et al., 
 2006 ; Ogilvie et al.,  2008) . 

 In summary, several methods to detect HPV infec-
tions are available. The choice of a particular method is 
very much dependent on its analytical as well as its 
clinical sensitivities and specifi cities. In the male geni-
talia, HPV detection is further complicated by the low 
amount of DNA obtained from exfoliated skin cells, 
which highlights the importance of validating the col-
lection and detection method of choice. There are suf-
fi cient and validated tools for performing studies of 
anogenital HPV infections in men, and results are rap-
idly accumulating. This experience should contribute to 
accelerate our knowledge about the natural history of 
HPV infection and risk of anogenital disease in men.      

  References 

    Aguilar     LV   ,    Lazcano-Ponce     E   ,    Vaccarella     S       (2006)     Human pap-
illomavirus in men: Comparison of different genital sites  . 
  Sex Transm Infect     82  (1)  :   31  –  33  

    Baldwin     SB   ,    Wallace     DR   ,    Papenfuss     MR   ,   et al.      (2003)     Human 
papillomavirus infection in men attending a sexually trans-
mitted disease clinic  .   J Infect Dis     187  (7)  :   1064  –  1070  

    Benevolo     M   ,    Mottolese     M   ,    Marandino     F   ,   et al.      (2008)     HPV 
prevalence among healthy Italian male sexual partners of 
women with cervical HPV infection  .   J Med Virol     80  (7)  : 
  1275  –  1281  

    Bernard     H   ,    Chan     S   ,    Manos     MM   ,   et al.      (1994)     Identifi cation and 
assessment of known and novel human papillomavirus by 
polymerase chain reaction amplifi cation, restriction frag-
ment polymorphisms, nucleotide sequence, and phylogeny 
algorithms  .   J Infect Dis     170  :   1077  –  1085  

    Bosch     FX   ,    Burchell      AN   ,    Schiffman     M   ,   et al.      (2008)     Epidemiology 
and natural history of human papillomavirus infections and 
type-specifi c implications in cervical neoplasia  .   Vaccine     26 
  (Suppl 10)  :   K1  –  K16  

    Carter     JJ   ,    Madeleine     MM   ,    Shera     K   ,   et al.      (2001)     Human papil-
lomavirus 16 and 18 L1 serology compared across anogeni-
tal cancer sites  .   Cancer Res     61  (5)  :   1934  –  1940  

    Cuschieri     KS   ,    Beattie     G   ,    Hassan     S   ,   et al.      (2005)     Assessment of 
human papillomavirus mRNA detection over time in cervi-
cal specimens collected in liquid based cytology medium  . 
  J Virol Methods     124  :   211  –  215  

    Cuschieri     KS   ,    Whitley     MJ   ,    Cubie     H       (2004)     Human papilloma-
virus type specifi c DNA and RNA persistence – implications 
for cervical disease progression and monitoring  .   J Med Virol   
  73  :   65  –  70  

    de Roda Husman     AM   ,    Snijders     PJ   ,    Stel     HV   ,   et al.      (1995)   
  Processing of long-stored archival cervical smears for human 
papillomavirus detection by the polymerase chain reaction  . 
  Br J Cancer     72  :   412  –  417  

    Dias     D   ,    Van Doren     J   ,    Schlottmann     S   ,   et al.      (2005)     Optimization 
and validation of a multiplexed luminex assay to quantify 
antibodies to neutralizing epitopes on human papillomavi-
ruses 6, 11, 16, and 18  .   Clin Diagn Lab Immunol     12  (8)  : 
  959  –  969  



References 29

    Dunne     EF   ,    Nielson     CM   ,    Stone     KM   ,   et al.      (2006)     Prevalence of 
HPV infection among men: A systematic review of the lit-
erature  .   J Infect Dis     194  (8)  :   1044  –  1057  

    Ferguson     M   ,    Heath     A   ,    Johnes     S   ,   et al.   ,   Collaborative Study 
Participants (2006) Results of the fi rst WHO international 
collaborative study on the standardization of the detection of 
antibodies to human papillomaviruses  .   Int J Cancer     118  (6)  : 
  1508  –  1514  

    Fife     KH   ,    Coplan     PM   ,    Jansen     KU   ,   et al.      (2003)     Poor sensitivity 
of polymerase chain reaction assays of genital skin swabs 
and urine to detect HPV 6 and 11 DNA in men  .   Sex Transm 
Dis     30  (3)  :   246  –  248  

    Flores     R   ,    Abalos     AT   ,    Nielson     CM   ,   et al.      (2008)     Reliability of 
sample collection and laboratory testing for HPV detection 
in men  .   J Virol Methods     149  (1)  :   136  –  143  

    Giuliano     AR       (2007)     Human papillomavirus vaccination in 
males  .   Gynecol Oncol     107  (2 Suppl 1)  :   S24  –  S26  

    Giuliano     AR   ,    Lazcano-Ponce     E   ,    Villa     LL   ,   et al.      (2008a)     The 
human papillomavirus infection in men study: Human papil-
lomavirus prevalence and type distribution among men 
residing in Brazil, Mexico, and the United States  .   Cancer 
Epidemiol Biomarkers Prev     17  (8)  :   2036  –  2043  

    Giuliano     AR   ,    Lu     B   ,    Nielson     CM   ,   et al      (2008b)     Age-specifi c 
prevalence, incidence, and duration of human papillomavi-
rus infections in a cohort of 290 US men  .   J Infect Dis     198  (6)  : 
  827  –  835  

    Giuliano     AR   ,    Nielson     CM   ,    Flores     R   ,   et al.      (2007)     The optimal 
anatomic sites for sampling heterosexual men for human 
papillomavirus (HPV) detection: The HPV detection in men 
study  .   J Infect Dis     196  (8)  :   1146  –  1152  

    Giuliano     AR   ,    Tortolero-Luna     G   ,    Ferrer     E   ,   et al.      (2008c)   
  Epidemiology of human papillomavirus infection in men, 
cancers other than cervical and benign conditions  .   Vaccine   
  26  (Suppl 10)  :   K17  –  K28  

    Gravitt     PE   ,    Peyton     C   ,    Wheeler     C   ,   et al.      (2003)     Reproducibility 
of HPV 16 and HPV 18 viral load quantitation using TaqMan 
real-time PCR assays  .   J Virol Methods     112  (1–2)  :   23  –  33  

    Gravitt     PE   ,    Peyton     CL   ,    Alessi     TQ   ,   et al.      (2000)     Improved ampli-
fi cation of genital human papillomaviruses  .   J Clin Microbiol   
  38  :   357  –  361  

    Hernandez     BY   ,    McDuffi e     K   ,    Goodman     MT   ,   et al.      (2006)   
  Comparison of physician- and self-collected genital speci-
mens for detection of human papillomavirus in men  .   J Clin 
Microbiol     44  (2)  :   513  –  517  

    Iftner     T   ,    Villa     LL       (2003)     Chapter 12: Human papillomavirus 
technologies  .   J Natl Cancer Inst Monogr     31  :   80  –  88  

    Jacobs     MV   ,    de Roda Husman     AM   ,    van den Brule     AJ   ,   et al.    
  (1995)     Group-specifi c differentiation between high- and 
low-risk human papillomavirus genotypes by general primer-
mediated PCR and two cocktails of oligonucleotide probes  . 
  J Clin Microbiol     33  :   901  –  905  

    Klaes     R   ,    Woerner     SM   ,    Ridder     R   ,   et al.      (1999)     Detection of 
high-risk cervical intraepithelial neoplasia and cervical 
cancer by amplifi cation of transcripts derived from inte-
grated papillomavirus oncogenes     Cancer Res     59  (24)  : 
  6312  –  6316  

    Kleter     B   ,    van Doorn     LJ   ,    Schrauwen     L   ,   et al.      (1999)     Development 
and clinical evaluation of a highly sensitive PCR-reverse 
hybridization line probe assay for detection and identifi ca-
tion of anogenital human papillomavirus  .   J Clin Microbiol   
  37  :   2508  –  2517  

    Konya     J   ,    Dillner     J       (2001)     Immunity to oncogenic human papillo-
maviruses  .   Adv Cancer Res     82  :   205  –  238  

    Lamarcq     L   ,    Deeds     J   ,    Ginzinger     D   ,   et al.      (2002)     Measurements 
of human papillomavirus transcripts by real time quantita-
tive reverse transcription-polymerase chain reaction in sam-
ples collected for cervical cancer screening  .   J Mol Diagn   
  4  (2)  :   97  –  102  

    Lorincz     A   ,    Anthony     J    ,   (2001)     Advances in HPV detection by 
hybrid capture  .   Papillomavirus Rep     145  :   154  

    Moberg     M   ,    Gustavsson     I   ,    Gyllensten     U       (2004)     Type-specifi c 
associations of human papillomavirus load with of  developing 
cervical carcinoma in situ  .   Intl J Cancer     112  (5)  :   854  –  859  

    Molden     T   ,    Kraus     I   ,    Skomedal     H   ,   et al.      (2005)     Comparison of 
human papillomavirus messenger RNA and DNA detection: 
A cross-sectional study of 4,136 women >30 years of age 
with a 2-year follow-up of high-grade squamous intraepi-
thelial lesion  .   Cancer Epidemiol Biomarkers Prev     14  (2)  : 
  367  –  373  

    Nielson     CM   ,    Flores     R   ,    Harris     RB   ,   et al.      (2007)     Human papillo-
mavirus prevalence and type distribution in male anogenital 
sites and semen  .   Cancer Epidemiol Biomarkers Prev     16  (6)  :  
1107  –  1114  

    Nonogaki     S   ,    Wakamatsu     A   ,    Longatto Filho     A   ,   et al.      (2004)   
  Hybrid capture II and polymerase chain reaction for identi-
dying HPV infections in samples collected in a new collec-
tion medium  .   A comparison. Acta Cytol     48  (4)  :   514  –  520  

    Nuovo     GJ   ,    Moritz     J   ,    Walsh     LL   ,   et al.      (1992)     Predictive value of 
human papillomavirus DNA detection by fi lter hybridization 
and polymerase chain reaction in women with negative 
results of colposcopic examination  .   Anatom Pathol     98  (5)  : 
  489  –  492  

    Ogilvie     G   ,    Taylor     D   ,    Krajden     M   ,   et al.      (2008)     Self collection of 
genital human papillomavirus in heterosexual men  .   Sex 
Transm Infect Dec     9     [Epub ahead of print]  

    Partridge     JM   ,    Koutsky     LA       (2006)     Genital human papillomavi-
rus infection in men  .   Lancet Infect Dis     6  (1)  :   21  –  31  

    Pastrana     DV   ,    Buck     CB   ,    Pang     YY   ,   et al.      (2004)     Reactivity of 
human sera in a sensitive, high-throughput pseudovirus-
based papillomavirus neutralization assay for HPV16 and 
HPV18  .   Virology     321  (2)  :   205  –  216  

    Qiao     YL   ,    Sellors     JW   ,    Eder     PS   ,    Bao     YP   ,    Lim     JM   ,    Zhao     FH   , 
   Weigl     B   ,    Zhang     WH   ,    Peck     RB   ,    Li     L   ,    Chen     F   ,    Pan     QJ   , 
   Lorincz     AT       (2008)     A new HPV-DNA test for cervical cancer 
screening in developing regions: A cross sectional study of 
clinical accuracy in rural China  .   Lancet Oncology     9  (10)  : 
  926  –  936  

    Schlecht     N   ,    Trevisan     A   ,    Duarte-Franco     E   ,   et al.      (2003)     Viral 
load as a predictor of the risk of cervical intraepithelial neo-
plasia  .   Int J Cancer     103  :   519  –  524  

    Snijders     PJ   ,    van den Brule     AJ   ,    Meijer     CJ       (2003)     The clinical rel-
evance of human papillomavirus testing: relationship between 
analytical and clinical sensitivity  .   J Pathol     1  (1)  :   1  –  6  

    Sotlar     K   ,    Selinka     H-C   ,    Menton     M   ,   et al.      (1998)     Detection of 
human papillomavirus type 16 E6/E7 oncogene transcripts 
in dysplastic and nondysplastic cervical scrapes by nested 
RT-PCR  .   Gynecol Oncol     69  :   114  –  121  

    Stoler     MH   ,    Wolinsky     SM   ,    Whitbeck     A   ,   et al.      (1997)   
  Differentiation-linked human papillomavirus types 6 and 11 
transcription in genital condylomata revealed by in situ 
hybridization with message-specifi c RNA probes  .   Virology   
  172  :   331  –  340  



30 2 Laboratory Methods for Detection of Human Papillomavirus Infection

2
    Svare     EI   ,    Kjaer     SK   ,    Nonnenmacher     B   ,   et al.      (1997)     Seroreactivity 

to human papillomavirus type 16 virus-like particles is lower 
in high-risk men than in high-risk women  .   J Infect Dis   
  176  (4)  :   876  –  883  

    Svare     EI   ,    Kjaer     SK   ,    Worm     AM   ,   et al.      (2002)     Risk factors for 
genital HPV DNA in men resemble those found in women: 
a study of male attendees at a Danish STD clinic  .   Sex Transm 
Infect     78  (3)  :   215  –  218  

    Van den Brule     AJ   ,    Pol     R   ,    Fransen-Daalmeijer     N   ,    Schouls     LM   , 
  et al.      (2002)     GP5+/6 PCR followed by reverse line blot anal-
ysis enables rapid and high-throughput identifi cation of 
human papillomavirus genotypes  .   J Clin Microbiol     40  (3)  : 
  779  –  787  

    Weaver     BA   ,    Feng     Q   ,    Holmes     KK   ,   et al.      (2004)     Evaluation of 
genital sites and sampling techniques for detection of human 
papillomavirus DNA in men  .   J Infect Dis     189  (4)  :   677  –  685    



http://www.springer.com/978-3-540-70973-2


