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ABSTRACT: HPV52 is one of the most commonly detected genotypes in women with cervical intraepithelial neoplasia (CIN). Some
methods for genotyping HPV are, however, biased against detection of HPV52. Current literature on this topic primarily focuses on the
earliest consensus primer sets MY09/11 and GP5+/6+, or derivatives thereof. There are now many more genotyping assays in use. Given
the importance of HPV52 and CIN, and the recent approval of the nine-valent HPV vaccine including HPV52, we undertook an updated
discussion and analysis of HPV52 detection in women with CIN2+ by assay type and geographical region from cohorts published between
2006 and 2016. Little difference in HPV52 prevalence was observed by assay type, except sequencing and restriction fragment length
polymorphism methods. The most commonly used genotyping methods in the past decade appear to be consistent for detection of HPV52.
However, in longitudinal studies the same assay system should be used where possible.
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Why Is Prevalence of HPV-52 Important?

Cervical cancer is the fourth most common cancer in women
across the world, accounting for an estimated 266 000 deaths in
2012.The burden of cervical cancer is greater in less developed
areas, with 87% of cervical cancer deaths occurring in these
regions, although this is probably underreported in developing
nations.! Persistent infection with human papillomavirus
(HPV) types can result in transformation of normal cervical
epithelium into high-grade cervical intraepithelial neoplasia
(CIN II and III) which may progress to cervical cancer. In
2005 and 2009, the International Agency for Research on
Cancer listed 14 high-risk HPV (HR-HPV) types as carcino-
genic or probably carcinogenic to humans (16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66, and 68), although HPV-66 was
downgraded to possibly carcinogenic at the 2009 meeting.>3
Although the attribution of specific HPV types to cervical can-
cer varies geographically, HPV types 16 and 18 are the most
common genotypes identified in cervical cancers across the
world, accounting for approximately 70% of cervical cancers®
and upwards of 50% of CIN II/IIL.

The introduction of the quadrivalent (4vHPV) vaccine,
which specifically targets HPV-16 and HPV-18 (as well as
low-risk HPV types 6 and 11), has resulted in significant
reductions in the prevalence of all 4 targeted HPV types in the
general population.” A 9-valent (9vHPV') vaccine has recently
been approved for use in several countries and offers protection

against HPV-31, HPV-33, HPV-45, HPV-52, and HPV-58 in

addition to the 4 genotypes included in the 4vHPV vaccine.
These additional genotypes account for approximately 19% of
cervical cancers worldwide, and introduction of these types in
the 9vHPV vaccine has potential to protect against approxi-
mately 90% of cervical cancers.®” In the context of the 9vHPV
vaccine, defining an accurate prevalence estimate for HPV-52
is important to inform decisions about which vaccine is most
appropriate to use for a specific population and for postvacci-
nation monitoring.

The global prevalence of HPV-52 in cervical cancers has
been reported to be between 2.8% and 3.8%,*%10 and approxi-
mately 12% in CIN II/II1.61° However, HPV-52 prevalence
estimates in women vary greatly across differing geographical
regions, and several studies from Eastern Asia report it as
being the second or third most common HPV type detected in
cervical neoplasia.1® A recent meta-analysis reported the
relative prevalence of HPV-52 to be 16.5% in women with
high-grade cervical disease (CIN II/III) and 5.7% in cervical
cancers of unspecified histology in Eastern Asia, compared
with only 8.1% and 1.8% in Europe.’® Studies using laser cap-
ture microdissection conducted by our group in Australian
women estimated the prevalence of HPV-52 in CIN III and
cervical cancers to be 4.5% and 2.3%, respectively (manu-
scripts in preparation). Furthermore, several studies have
shown HPV-52 prevalence in CIN to vary by age. For exam-
ple, Chao et al'? described the HPV type prevalence in a
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population of Taiwanese women with CIN 1I/I1I and reported
a higher prevalence of HPV-52 in older women (aged 50 years
and above) compared with younger women (24.7% and 17.8%,
respectively).

The variation reported in HPV-52 prevalence estimates is
likely to vary based on the age and location of women studied.
However, prevalence estimates of HPV-52 could also be
affected by the HPV assay used. During recent years, a variety
of HPV genotyping assays have been developed and used to
estimate HPV genotype prevalence in women with cervical
lesions worldwide. In this commentary, we explore the poten-
tial influence of the techniques used for HPV genotyping on
estimates of HPV-52 prevalence in women with high-grade
cervical lesions. We also discuss technical issues surrounding
the HPV-52 testing with the aim of informing readers of the
potential limitations of specific tests, how these limitations
may impact prevalence estimates, and recommendations on
how to minimise the potential effects of these technical limita-
tions. To achieve this aim, we conducted a literature review of
studies reporting HPV-52 prevalence in women with CIN II/
IIT and performed a comparison of HPV-52 prevalence strati-
fied by geographical region and by HPV assay type. Due to the
large range of HPV primer sets and detection methods availa-
ble, this is not a comprehensive review of all methods, but
rather a discussion of potential issues using some of the most
commonly used methods as examples.

Technical Issues Around Testing for HPV-52
Known or suspected systematic issues with HPV-52 detection
have been reported in several studies. The regularly conducted
HPV LabNet Global proficiency panels have repeatedly
reported poor detection of HPV-52, with particularly high lev-
els of false negatives or false positives reported for specific
assays.!18 The sensitivity and specificity of molecular detec-
tion of individual HPV genotypes are known to vary between
HPV assays.121 All currently available full HPV genotyping
assays use polymerase chain reaction (PCR)-based target
amplification. The primary differences between genotyping
assays are the target amplicon (gene region targeted, size of
amplicon, primer sequence), detection probes, and amplicon
detection method. A comprehensive description of these can
be found in a recent review,?? and examples of the most com-
monly used assay types are also shown in Table 1. The most
common amplification targets for alpha papillomaviruses
include the L1, E6, and E7 genes. Amplification primer sets
comprise generic primers, consensus primer sets, or type-
specific primer pairs. Detection platforms include reverse
hybridisation/line probe assays, microarray, quantitative poly-
merase chain reaction (QPCR), and bead-based flow cytometry.
Primer and probe sequences in particular have the poten-
tial to introduce genotype-specific detection bias. Consensus
or degenerate primer sets (ie, a set of multiple primers
designed to collectively amplify multiple genotypes in a sin-
gle pool) and generic primers (ie, a single pair of primers
also designed to amplify multiple genotypes) are more prone

to bias than genotype-specific primer sets, where each
pair of primers has been optimised to specifically amplify
only a single genotype. This is primarily because the target
sequences of particular genotypes will match more closely to
consensus or generic primer sequences than others and will
therefore amplify more efficiently.>'? Specifically, for HPV-
52, none of the SPF1/2, SPF10, or PGMY09/11 consensus
primer sets contain primer pairs that are a perfect match for
the L1 target sequence of HPV-52.2-* Thus, HPV-52 may
in theory be less efficiently amplified and less likely to be
detected at a lower copy number and may also potentially be
outcompeted in the presence of better-matched genotypes.
The generic primer pairs MY09/11 and GP5+/6+ similarly
contain mismatches to the HPV-52 L1 target sequence and
are less sensitive for the detection of HPV-52 at lower viral
DNA copy number.’>%556 GP5+/6+ has also been reported
to have very low sensitivity for HPV-52 in a Chinese cohort
of cervical cancer specimens due to a particular sequence
variation in the target sequence that is overrepresented out-
side of Europe.”” The PGMY09/11 consensus primer set
was based on the MY09/11 generic primer pair and has
improved detection of several genotypes, including HPV-
52, due to a decreased number of primer mismatches.*?
MY09/11 and GP5+/6+ primers have been experimentally
shown to amplify HPV-52 molecular clones much less effi-
ciently than HPV-16, even in single-genotype reactions,
and even less efficiently in the presence of high-copy-num-
ber HPV-16.8 A recent study investigated whether HPV-
52 was masked in the presence of HPV-16 when samples
were tested using .1 PGMY09/11 or MY09/11 consensus
primer-based genotype assays.”” This was determined by
performing HPV-52-specific real-time PCR on samples
that had originally tested negative for HPV-52, with half
testing positive for HPV-16 and half negative for HPV-16.
The results suggested that some masking may have occurred
in the presence of high-viral-load HPV-16. Conversely, we
attempted to artificially generate genotype bias by masking
of low-copy-number, non—-HPV-16 high-risk genotypes in
the presence of high-copy-number HPV-16 DNA and/or
an additional high-risk genotype on the Linear Array HPV
Test, which is based on the PGMY09/11 primer set.
Although masking of several genotypes was observed, HPV-
52 detection was not affected.’! In contrast to consensus
primer pairs or sets, assays based on multiplexed genotype-
specific primer pairs are designed to reduce genotype bias by
eliminating competition for primer binding.?1,60

All capture and detection probes for genotype identifica-
tion, regardless of assay type, are designed to be as genotype
specific as possible. Some of the earliest and most widely used
commercial assays, reverse line probe assays that target part
of the L1 gene sequence, experience cross-reactivity in the
probe target region of HPV-52. Specifically, neither the
PGMY-primer-based Linear Array HPV Genotyping Test
(Roche Molecular Diagnostics, Pleasanton, CA, USA) nor
the SPF10-primer—based INNO-LiPA HPV version 2
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Table 1. Characteristics of some of the most common HPV genotype tests.

TEST NAME GENE PRIMER SET

REGION

DETECTION
METHODS

HPV-52
DETECTION

REFERENCES

RHA-LiPA25 V1 L1 SPF10 Reverse line blot Yes van der Marel et al,?3 van
Hamont et al*
INNO-LiPA V2 L1 SPF10 Reverse line blot Shared probe? Pretet et al?®
INNO-LiPA Extra CE test L1 SPF10 Reverse line blot Yes Kovanda et al?¢
Roche Linear Array L1 PGMY Reverse line blot Shared probe® Resende et al,?” van
Hamont et al>*
CLART Human L1 Microarray Yes Pista et al?®
papillomavirus 2
EUROArray E6/E7 Microarray Yes Cornall et al?®
PCR and line blot-based L1 PGMY, GP5+/ Reverse line blot Yes Azuma et al,?° Kim et al,3'
detection (in-house)° GP6+, SPF, van den Brule et al32
others
Pyrosequencing/Sanger Various Sequencing Yes Sanger et al,33 Antonishyn
sequencing et al,3* Chen et al3®
INFINITI HPV Genotyping E1 Microarray Yes Erali et al3¢
Assay
HybriBio HPV GenoArray L1 PGMY and Microarray Yes Ding et al,®” Hou et al3®
(GA) genotyping assay GP5+/GP6+
HPV DNA Chip Biomedlab L1 Microarray Yes Zhao et al®*®
HPV 9G DNA chip L1 Microarray Yes Sung et al4°
MyHPV chip L1 GP5+/GP6+ Microarray Yes Kang et al*!
Multiplex PCR using L1 GP5+/GP6+ Microsphere beads Yes Garcia et al,*2 Schmitt
Luminex XMAP et al*3
Amplisens HPVd E region Multiplex/real-time Yes Agodi et al*4
PCR assays
Multiplex E7 PCR/APEX E7 Multiplex/real-time Yes Gheit et al,*5 Deodhar
assay PCR assays et al*6
AnyplexTM Il HPV-28 L1/L2/E6/ Multiplex/real-time Yes So et al*’
E7 PCR assays
BD Onclarity HPV E6/E7 Multiplex/real-time Yes Wright et al,*8 Schiffman
PCR assays et al*?
CervicGen HPV RT-gqDx E6/E7 Multiplex/real-time Yes Wang et al®°

assay

PCR assays

Abbreviation: PCR, polymerase chain reaction.

aShared probe with 31, 33, 40, 53, and 58.

bShared probe with 33, 35, and 58.

cSome laboratories still use these techniques for research purposes.

dThere are different Amplisens kits produced in different companies in Italy and Moscow.

(Innogenetics N.V., Ghent, Belgium) have a unique detection
probe for HPV-52. The Linear Array HPV-52 probe also
detects HPV-33, HPV-35, and HPV-58. The single INNO-
LiPA probe for HPV-52 also cross-reacts with HPV-31,
HPV-33, HPV-40, HPV-53, and HPV-58. Therefore, in the
presence of any of these other genotypes, there is a need
for an additional confirmatory test to determine HPV-52
positivity®02 (Supplementary Table 1). This confirmatory
test is not always performed and potentially causes underesti-
mation of HPV-52 prevalence.%3-67 Conversely, a sample can
be falsely called HPV-52 positive if the additional genotype

probes needed to identify HPV-31, HPV-33, HPV-35, HPV-
40, HPV-53, or HPV-58 do not bind efficiently or if the user
assumes HPV-52 positivity without performing a confirma-
tory test. In the HPV LabNet International proficiency stud-
ies, HPV-52 is systematically reported as being present in
samples only containing HPV-35 or HPV-58 DNA by some
testing laboratories using Linear Array or INNO-LiPA.17:68
A more recent SPF10 line probe assay, RHA kit HPV SPF10-
LiPA25, version 1 (Labo Bio-medical Products, Rijswijk, The
Netherlands), has a single unambiguous probe that only reacts
with HPV-52.
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What Are the Actual Impacts of These Technical
Issues?
A meta-analysis of global distribution of HPV-52 in cases of
cervical neoplasia has been conducted previously!®; it was not
our intention to repeat this analysis. Numerous comparisons
between assays for HPV detection have been published; how-
ever, these generally report detection of any HR-HPV, meas-
ured against the criterion standard HPV test for CIN II+
(Hybrid Capture 2 or GP5+/6+) or another assay lacking
full genotyping such as Roche Cobas 4800 or Amplicor. Our
aim was to assess whether there was any evidence for sys-
tematic bias for or against HPV-52 detection based on com-
monly used genotyping assays and to provide commentary on
the findings. To this end, we conducted a literature review of
studies assessing the prevalence of HPV-52 in women with
cervical lesions that were published between 2006 and October
2016. Articles were retrieved from the PubMed database
using the following search terms: (HPV[All Fields] AND
(‘genotype’[MeSH Terms] OR ‘genotype’[All Fields])) AND
((cervical[MeSH Terms] OR ‘CIN’[All Fields] OR
‘cervical [All Fields]) AND (‘neoplasms[MeSH Terms] OR
‘neoplasms’[All Fields] OR ‘neoplasia’[All Fields])). Only
papers published in English were reviewed. Study selection was
performed in 2 phases: (1) screening for eligibility based on
title and abstract (performed by E.P.), and (2) final inclusion
based on full-text assessment (E.P, M.M., and A.C.).
Uncertainties regarding eligibility were resolved by discussion
between all the authors. Studies were excluded if they were not
original studies, no histological diagnosis was available, HPV-
52 prevalence estimates could not be accurately determined,
data from multiple assays were presented and HPV-52 preva-
lence estimates for each individual assay could not be deter-
mined, only CIN I or CIN III HPV-52 prevalence estimates
were provided, published earlier than 2006, study subjects were
infected with human immunodeficiency virus or otherwise
immunocompromised, and repeated reports derived from the
original cohort and tested with the same assay. A flow chart of
the study selection process is depicted in Figure 1. The elec-
tronic search strategy retrieved 1539 records in total, of which
1183 were published after 2006. After screening on title and
abstract, 84 publications met our initial selection criteria. After
full-text assessment, 64 publications were included. One study
compared 2 different assays, and a second study compared 2
cohorts of different ages; thus, a total of 66 published data sets
were included in the analysis. Data were extracted from each
study for HPV-52 prevalence for histologically confirmed
diagnosis of CIN II+. In addition to the 64 published studies,
we included unpublished data from our group which compared
detection of HPV genotypes by 4 different assays to make a
total of 70 data sets. A list of data sets included in the analysis
is presented in Supplementary Table 2.

Data including testing methods, genotypes, DNA region
targeted for detection, geographical source of sample, sample
size, participant ages, HPV vaccination status, sample type,

Total search results
n=1539

Number of studies
between 2006-2016
n=1183

Number studies eligible
post abstract screening
n=84

Number studies eligible
post full assessment

a
n=64

Figure 1. Literature search strategy.

a0ne study compared 2 different assays, and a second study compared 2
cohorts of different ages; thus, a total of 66 published data sets were included
in the analysis.

HPV-52 prevalence, diagnosis, study period, and references
were recorded in a database. Similar assay types were grouped
into SPF10 reverse line blot assay, Linear Array or in-house
PGMY reverse line blot assay, multiplex and real-time PCR,
microarray-based detection, Sanger sequencing, or enzymatic
digestion (including restriction fragment length polymor-
phism [RFLP]). Overall prevalence (median percentage and
interquartile range [IQR]) of HPV-52 stratified by assay, geo-
graphical distribution and sample type was described.

Participant age data were not presented consistently, and
therefore, analyses were not able to be adjusted for age. Most
references did not report vaccination status, and those that did
indicated very low or no vaccination. Given the publication
time frame, we assumed universally low or no vaccination.

The overall pooled estimate of HPV-52 prevalence across
the 70 data sets included in this study was 10.3% (binomial
95% confidence interval [CI]: 9.9-10.6), which is only margin-
ally lower than the recent estimate of 11.0% (95% CI: 10.7-
11.3) reported by Bruni et al.® The slight discrepancy in
HPV-52 prevalence estimates is likely a result of different lit-
erature search strategies and different study inclusion criteria
imposed by Bruni et al.®

Little difference was observed between most of the assay
types investigated (Table 2 and Supplementary Figure 1A).
Linear Array and multiplexed/real-time PCR assays had the
highest median prevalence of HPV-52 at around 11%, whereas
median detection by SPF10 or microarray was slightly lower at
approximately 8%. The IQR overlapped for all 4 of these assay
types. Detection of HPV-52 was, however, substantially lower
for sequencing or enzymatic digestion methods, with a median
prevalence of only 2.3%. Closer inspection of these 7 data sets
shows that most used older primer sets, such as MY09/11,
GP5+/6+, or SPF1/2, which have established bias against
HPV-52 amplification as described above.
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Table 2. HPV-52 prevalence by test (high-grade lesions, ie, CIN2+).

N (TOTAL SAMPLE SIZE)

N (DATA SETS) PREVALENCE, %

MEDIAN

PCR reverse hybridisation methods

SPF10 RLB 1715
Linear Array or RLB 18 918
Multiplex and real-time PCR assays 5961
Microarray-based test 4922
Sequence or enzymatic digestion 1056

6 7.5 6-19.6
23 11.2 7.9-151
18 1.1 7.2-13.1
16 8.7 7.2-9.4

7 2.3 0-5.3

Abbreviations: IQR, interquartile range; PCR, polymerase chain reaction; RLB, reverse line blot.

Includes all specimen types.

Table 3. HPV-52 prevalence by region (high-grade lesions, ie, CIN2+).

REGION N (TOTAL SAMPLE SIZE)

Africa 13
Asia 8255
Oceania 2491
Europe 5283
North America 15 888
South America 422
South Africa 220

Abbreviation: IQR: interquartile range.
Includes all specimen types.

There was no systematic difference between geographical
regions reported, with all regions at approximately 8% to 9%,
with the exception of 2 disparate African studies (Table 3 and
Supplementary Figure 1B).

The largest number of data sets was from Asian popula-
tions, and this group had the widest range of reported preva-
lence of HPV-52, but the lowest median overall at 7.8%. This
result is in contrast to several previous reports that indicated
parts of Asia had higher rates of HPV-52 associated with CIN
II/IIT than other regions of the world.1%-1¢ This apparent dis-
crepancy may have several explanations. The 2014 meta-
analysis used a different literature search strategy, including
studies in Chinese, and calculated the prevalence of HPV-52
as a proportion of HPV-positive cases only, which may have
resulted in differing prevalence estimates.!® We observed wide
variation in prevalence estimates by country in our literature
sample, and therefore, individual studies conducted in particu-
lar regions may have reported higher prevalence of CIN-
associated HPV-52. Finally, a high proportion (41%) of reports
from Asia were conducted using microarray-based tests, which
in our analysis had slightly lower rates of HPV-52 detection
than some other assay types.

N (DATA SETS) PREVALENCE, %
MEDIAN
1 38.5
27 7.9 5.3-15.9
7 8.9 7.6-13.9
16 9.1 6.7-13.1
13 9.4 7.9-13.5
5 9.2 6.1-12.2
1 6.8

Overall, most studies reported testing of cervical cytology
samples. There was little difference in overall prevalence of
HPV-52 by sample type; however, biopsy samples had slightly
lower HPV-52 prevalence than cytology samples, as would be
expected (Table 4 and Supplementary Figure 1C).

Recommendations for HPV-52 Genotype Testing of
Women With CIN I1/111

Over the past couple of decades, there have been many
reports of bias against detection of HPV-52 in women with
high-grade cervical disease. The results of our review of stud-
ies published in the past decade are reassuring. With the
exception of reports using sequencing or RFLP, none of the
other assays demonstrated systematic bias with respect to
HPV-52 prevalence. The low prevalence of HPV-52 detected
by sequencing/RFLP can likely be explained using generic
primer pairs that have known bias against HPV-52. Sanger
sequencing and RFLP also have the inherent disadvantage of
poorly discriminating mixed genotype samples and are not
ideal for HPV genotyping. Most of the remaining studies
used newer assay systems or updated primer sets as described
above.
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Table 4. Breakdown of HPV-52 prevalence by specimen type (high-grade lesions, ie, CIN2+).

SPECIMEN TYPE

N (TOTAL SAMPLE SIZE)

N (DATA SETS)

PREVALENCE, %

Cervical cells and biopsy 1235
Cervical cells 21 307
Biopsy 863
Biopsy FFPE 9167

Abbreviations: FFPE: formalin-fixed paraffin-embedded; IQR, interquartile range.

The data from this review, and our own research (in prepa-
ration), identify reverse line blot assays based on amplification
of an L1 target using PGMY-based consensus primer sets as
the most sensitive for HPV-52 detection. Despite the known
bias against HPV-52 by these primer sets, factors which may
counter this include recent modifications to the primer sets to
improve HPV-52 detection and the relatively large template
input volume for the Linear Array assay (50 uL). For reverse
line blot assays with a shared HPV-52 probe, a confirmatory
HPV-52-specific test should be used for all ambiguous results.
There are at least 2 published gPCR protocols for confirma-
tory HPV-52 testing, and both are simple, rapid, and
cost-effective.61:62

All HPV assays perform slightly differently to other assays.
In general, the advice should be to use the same assay system
where possible to compare longitudinal samples, to perform
confirmatory testing where indicated, and to investigate fur-
ther any results that appear unusually low or high.

Author Contributions

This work was carried out in collaboration with all authors.
Developed the structure of the paper: AC. Performed the
initial literature search: EP. Decided on final eligibility of
manuscripts for inclusion in literature review: EP, MM, AC.
Analysed the data from the literature review: EP. Contributed

to the initial drafting and writing of the manuscript: EP,
MM, SP, AC. All authors reviewed and approved the final

manuscript.

REFERENCES

1. Ferlay J, Soerjomataram I, Dikshit R, etal. Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN. Inz J Cancer.
2015;136:E359-E386.

2. International Agency for Research on Cancer (IARC). 4 Review of Human
Carcinogens. Part B: Biological Agents/IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans. Lyon, France: IARC; 2012.

3. International Agency for Research on Cancer (IARC). Human Papillomaviruses.
Lyon, France: IARC; 2007.

4. de Sanjose S, Quint WGV, Alemany L, et al. Human papillomavirus genotype
attribution in invasive cervical cancer: a retrospective cross-sectional worldwide
study. Lancet Oncol. 2010;11:1048-1056.

5. LiN, Franceschi S, Howell-Jones R, Snijders PJ, Clifford GM. Human papillo-
mavirus type distribution in 30,848 invasive cervical cancers worldwide:
variation by geographical region, histological type and year of publication. Inz ]
Cancer. 2011;128:927-935.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

MEDIAN
4 9.8 4.2-14.9
50 9.2 6.8-14.8
4 8.4 3.8-10.7
12 7.0 4.1-9.4

Guan P, Howell-Jones R, Li N, et al. Human papillomavirus types in 115,789
HPV-positive women: a meta-analysis from cervical infection to cancer. Inz J
Cancer. 2012;131:2349-2359.

Garland SM, Kjaer SK, Munoz N, et al. Impact and effectiveness of the quadri-
valent human papillomavirus vaccine: a systematic review of ten years of
real-world experience. Clin Infect Dis. 2016;63:519-527.

Joura EA, Giuliano AR, Iversen OE, et al. A 9-valent HPV vaccine against in-
fection and intraepithelial neoplasia in N Engl J Med.
2015;372:711-723.

Serrano B, Alemany L, Tous S, et al. Potential impact of a nine-valent vaccine in
human papillomavirus related cervical disease. Infect Agent Cancer. 2012;7:38.
Chan PK, Ho WC, Chan MC, et al. Meta-analysis on prevalence and attribution
of human papillomavirus types 52 and 58 in cervical neoplasia worldwide. PLoS
ONE. 2014;9:¢107573.

Huang S, Afonina I, Miller BA, Beckmann AM. Human papillomavirus types
52 and 58 are prevalent in cervical cancers from Chinese women. Inz J Cancer.
1997;70:408-411.

Chao A, Jao MS, Huang CC, et al. Human papillomavirus genotype in cervical
intraepithelial neoplasia grades 2 and 3 of Taiwanese women. Int J Cancer.
2011;128:653-659.

Kim TE, Kim HW, Lee KE. Distribution of human papillomavirus 52 and 58
genotypes, and their expression of p16 and p53 in cervical neoplasia. Korean J
Pathol. 2014;48:24-29.

Quek SC, Lim BK, Domingo E, et al. Human papillomavirus type distribution
in invasive cervical cancer and high-grade cervical intraepithelial neoplasia
across 5 countries in Asia. Int.J Gynecol Cancer. 2013;23:148-156.

Chan PK, Cheung TH, Li WH, etal. Attribution of human papillomavirus
types to cervical intraepithelial neoplasia and invasive cancers in Southern
China. Int ] Cancer. 2012;131:692-705.

Hwang T. Detection and typing of human papillomavirus DNA by PCR using
consensus primers in various cervical lesions of Korean women. J Korean Med Sci.
1999;14:593-599.

Eklund C, Forslund O, Wallin K-L, Zhou T, Dillner J. The 2010 global profi-
ciency study of human papillomavirus genotyping in vaccinology. J Clin
Microbiol. 2012;50:2289-2298.

Eklund C, Zhou T, Dillner J, WHO Human Papillomavirus Laboratory
Network. Global proficiency study of human papillomavirus genotyping. J Clin
Microbiol. 2010;48:4147-4155.

Castle PE, Porras C, Quint WG, et al. Comparison of two PCR-based human
papillomavirus genotyping methods. J Clin Microbiol. 2008;46:3437-3445.
Ejegod DM, Rebolj M, Bonde J. Comparison of analytical and clinical perfor-
mance of CLART HPV2 genotyping assay to linear array and hybrid capture 2:
a split-sample study. BMC Cancer. 2015;15:216.

Estrade C, Sahli R. Comparison of Seegene Anyplex II HPV28 with the
PGMY-CHUYV assay for human papillomavirus genotyping. J Clin Microbiol.
2014;52:607-612.

Poljak M, Kocjan BJ, Ostrbenk A, Seme K. Commercially available molecular
tests for human papillomaviruses (HPV): 2015 update. J Clin Virol.
2016;76:S3-S13.

van der Marel J, Berkhof ], Ordi J, et al. Attributing oncogenic human papillo-
mavirus genotypes to high-grade cervical neoplasia: which type causes the
lesion? Am J Surg Pathol. 2015;39:496-504.

van Hamont D, van Ham MA, Bakkers JM, Massuger LF, Melchers W].
Evaluation of the SPF10-INNO LiPA human papillomavirus (HPV) genotyp-
ing test and the roche linear array HPV genotyping test. J Clin Microbiol.
2006;44:3122-3129.

Pretet JL, Jacquard AC, Carcopino X, et al. Human papillomavirus genotype
distribution in high grade cervical lesions (CIN 2/3) in France: EDITH study.
Int J Cancer. 2008;122:424-427.

women.



Plummer et al

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Kovanda A, Juvan U, Sterbenc A, et al. Pre-vaccination distribution of human
papillomavirus (HPV) genotypes in women with cervical intraepithelial neopla-
sia grade 3 (CIN 3) lesions in Slovenia. Acta Dermatovenerol Alp Pannonica Adriat.
2009;18:47-52.

Resende LS, Rabelo-Santos SH, Sarian LO, et al. A portrait of single and mul-
tiple HPV type infections in Brazilian women of different age strata with
squamous or glandular cervical lesions. BMC Infect Dis. 2014;14:214.

Pista A, Verdasca N, Oliveira A. Clinical performance of the CLART human
papillomavirus 2 assay compared with the hybrid capture 2 test. J Med Virol.
2011;83:272-276.

Cornall AM, Poljak M, Garland SM, et al. EUROarray human papillomavirus
(HPV) assay is highly concordant with other commercial assays for detection of
high-risk HPV genotypes in women with high grade cervical abnormalities. Eur
J Clin Microbiol Infect Dis. 2016;35:1033-1036.

Azuma Y, Kusumoto-Matsuo R, Takeuchi F, et al. Human papillomavirus geno-
type distribution in cervical intraepithelial neoplasia grade 2/3 and invasive
cervical cancer in Japanese women. Jpn J Clin Oncol. 2014;44:910-917.

Kim J, Kim BK, Lee CH, Seo SS, Park SY, Roh JW. Human papillomavirus
genotypes and cofactors causing cervical intraepithelial neoplasia and cervical
cancer in Korean women. In¢ J Gynecol Cancer. 2012;22:1570-1576.

van den Brule AJ, Pol R, Fransen-Daalmeijer N, Schouls LM, Meijer CJ,
Snijders PJ. GP5+/6+ PCR followed by reverse line blot analysis enables rapid
and high-throughput identification of human papillomavirus genotypes. J Clin
Microbiol. 2002;40:779-787.

Sanger F, Nicklen S, Coulson AR. DNA sequencing with chain-terminating in-
hibitors. Biotechnol. 1992;24:104-108.

Antonishyn NA, Horsman GB, Kelln RA, Saggar ], Severini A. The impact of
the distribution of human papillomavirus types and associated high-risk lesions
in a colposcopy population for monitoring vaccine efficacy. Arch Pathol Lab Med.
2008;132:54-60.

Chen X, Wallin KL, Duan M, Gharizadeh B, Zheng B, Qu P. Prevalence and
genotype distribution of cervical human papillomavirus (HPV) among women
in urban Tianjin, China. ] Med Virol. 2015;87:1966-1972.

Erali M, Pattison DC, Wittwer CT, Petti CA. Human papillomavirus geno-
typing using an automated film-based chip array. J Mo/ Diagn. 2009;11:
439-445.

Ding X, Liu Z, SuJ, Yan D, Sun W, Zeng Z. Human papillomavirus type-specific
prevalence in women referred for colposcopic examination in Beijing. J Med Virol.
2014;86:1937-1943.

Hou R, Xu C, Zhang S, Wu M, Zhang W. Distribution of human papillomavi-
rus genotype and cervical neoplasia among women with abnormal cytology in
Beijing, China. Int | Gynaecol Obstet. 2012;119:257-261.

ZhaoY, Lin H, Shen D, Xuan Y, Lin Z. Distribution of HPV genotypes in uter-
ine cervical lesions in Yanbian, northern China. Pathol Int. 2008;58:643—647.
Sung YE, Ki EY, Lee YS, Hur SY, Lee A, Park JS. Can human papillomavirus
(HPV) genotyping classify non-16/18 high-risk HPV infection by risk stratifica-
tion? J Gynecol Oncol. 2016;27:¢56.

Kang WD, Kim CH, Cho MK, et al. Comparison of the hybrid capture II assay
with the human papillomavirus DNA chip test for the detection of high-grade
cervical lesions. Int | Gynecol Cancer. 2009;19:924-928.

Garcia DA, Cid-Arregui A, Schmitt M, Castillo M, Briceno I, Aristizabal FA.
Highly sensitive detection and genotyping of HPV by PCR multiplex and lu-
minex technology in a cohort of Colombian women with abnormal cytology.
Open Virol J. 2011;5:70-79.

Schmitt M, Bravo IG, Snijders PJ, Gissmann L, Pawlita M, Waterboer T. Bead-
based multiplex genotyping of human papillomaviruses. J Clin Microbiol.
2006;44:504-512.

Agodi A, Barchitta M, La Rosa N, et al. Human papillomavirus infection: low-
risk and high-risk genotypes in women in Catania, Sicily. Inz | Gynecol Cancer.
2009;19:1094-1098.

Gheit T, Landi S, Gemignani F, et al. Development of a sensitive and specific
assay combining multiplex PCR and DNA microarray primer extension to detect
high-risk  mucosal types. J Clin  Microbiol.
2006;44:2025-2031.

Deodhar K, Gheit T, Vaccarella S, et al. Prevalence of human papillomavirus
types in cervical lesions from women in rural Western India. J Med Virol.
2012;84:1054-1060.

So KA, Hong JH, Lee JK. Human papillomavirus prevalence and type distribu-
tion among 968 women in South Korea. J Cancer Prev. 2016;21:104-109.
Wright TC Jr., Stoler MH, Agreda PM, et al. Clinical performance of the BD
Onclarity HPV assay using an adjudicated cohort of BD SurePath liquid-based
cytology specimens. Am J Clin Pathol. 2014;142:43-50.

human  papillomavirus

49.

50.

51

52.

53.

54.

55.

56.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Schiffman M, Vaughan LM, Raine-Bennett TR, etal. A study of HPV typing
for the management of HPV-positive ASC-US cervical cytologic results. Gynecol
Oncol. 2015;138:573-578.

Wang HY, Park S, Lee D, et al. Prevalence of type-specific oncogenic human
papillomavirus infection assessed by HPV E6/E7 mRNA among women with
high-grade cervical lesions. Int J Infect Dis. 2015;37:135-142.

Cornall AM, Phillips S, Cummins E, Garland SM, Tabrizi SN. In vitro assess-
ment of the effect of vaccine-targeted human papillomavirus (HPV) depletion on
detection of non-vaccine HPV types: implications for post-vaccine surveillance
studies. J Virol Methods. 2015;214:10-14.

Gravitt PE, Peyton CL, Alessi TQ,, et al. Improved amplification of genital
human papillomaviruses. J Clin Microbiol. 2000;38:357-361.

Kleter B, van Doorn L-J, ter Schegget J, et al. Novel short-fragment PCR assay
for highly sensitive broad-spectrum detection of anogenital human papillomavi-
ruses. Am J Pathol. 1998;153:1731-1739.

Jannes G, Mijs W, inventors. Combination of PCR primers and a method for de-
tection and identification of human papillomavirus Y (HPV). European Patent
2703496 A1l. March 5, 2014.

Jacobs MV, de Roda Husman AM, van den Brule AJC, Snijders PJF, Meijer
CJLM, Walboomers JMM. Group-specific differentiation between high- and
low-risk human papillomavirus genotypes by general primer-mediated PCR and
two cocktails of oligonucleotide probes. J Clin Microbiol. 1995;33:901-905.
Hesselink AT, van Ham MAPC, Heideman DAM, etal. Comparison of
GP5+/6+-PCR and SPF10-line blot assays for detection of high-risk human pap-
illomavirus in samples from women with normal cytology results who develop
grade 3 cervical intraepithelial neoplasia. J Clin Microbiol. 2008;46:3215-3221.
Chan PKS, Cheung T-H, Tam AQY, et al. Biases in human papillomavirus gen-
otype prevalence assessment associated with commonly used consensus primers.
Int ] Cancer. 2006;118:243-245.

Mori S, Nakao S, Kukimoto I, Kusumoto-Matsuo R, Kondo K, Kanda T. Biased
amplification of human papillomavirus DNA in specimens containing multiple
human papillomavirus types by PCR with consensus primers. Cancer Sci.
2011;102:1223-1227.

Tota JE, Ramanakumar AV, Villa LL, et al. Evaluation of human papillomavirus
type replacement postvaccination must account for diagnostic artifacts: masking
of HPV52 by HPV16 in anogenital specimens. Cancer Epidemiol Biomarkers Prev.
2015;24:286-290.

van Alewijk D, Kleter B, Vent M, et al. A human papilloma virus testing algo-
rithm comprising a combination of the L1 broad-spectrum SPF10 PCR assay
and a novel E6 high-risk multiplex type-specific genotyping PCR assay. J Clin
Microbiol. 2013;51:1171-1178.

Coutlee F, Rouleau D, Ghattas G, et al. Confirmatory real-time PCR assay for
human papillomavirus (HPV) type 52 infection in anogenital specimens
screened for HPV infection with the linear array HPV genotyping test. J Clin
Microbiol. 2007;45:3821-3823.

Stevens MP, Garland SM, Tabrizi SN. Development and validation of a real-
time PCR assay specifically detecting human papillomavirus 52 using the Roche
LightCycler 480 system. J Virol Methods. 2008;147:290-296.

Ortega-Cervantes L, Aguilar-Lemarroy A, Rojas-Garcia AE, et al. Human
papilloma virus genotypes in women from Nayarit, Mexico, with squamous in-
traepithelial lesions and cervical cancer. Int J Health Sci (Qassim). 2016;
10:327-338.

Khunamornpong S, Settakorn J, Sukpan K, et al. Genotyping for human papil-
lomavirus (HPV) 16/18/52/58 has a higher performance than HPV16/18
genotyping in triaging women with positive high-risk HPV test in Northern
Thailand. PLoS ONE. 2016;11:¢0158184.

Muller EE, Rebe K, Chirwa TF, Struthers H, McIntyre J, Lewis DA. The prev-
alence of human papillomavirus infections and associated risk factors in
men-who-have-sex-with-men in Cape Town, South Africa. BMC Infect Dis.
2016;16:440.

Garcia Muentes GD, Garcia Rodriguez LK, Burgos Galarraga RI, Almeida
Carpio F, Ruiz Cabezas JC. Genotypes distribution of human papillomavirus in
cervical samples of Ecuadorian women. Rev Bras Epidemiol. 2016;19:160-166.
Gallagher KE, Baisley K, Grosskurth H, et al. The association between cervical
human papillomavirus infection and subsequent HIV acquisition in Tanzanian
and Ugandan women: a nested case-control study. J Infect Dis. 2016;214:87-95.
Eklund C, Forslund O, Wallin K-L, Dillner J. Global improvement in genotyp-
ing of human papillomavirus DNA: the 2011 HPV LabNet International
Proficiency Study. J Clin Microbiol. 2014;52:449—-459.

Bruni L, Barrionuevo-Rosas L, Albero G, etal. ICO Information Centre on
HPV and Cancer (HPV Information Centre). Human papillomavirus and relat-
ed diseases in the world. Summary report. Published December 15, 2016.





