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SUMMARY
A high-throughput matrix-assisted laser desorption ionisation-time of flight (MALDI-TOF) mass spectrometry
(MS)-based method was here developed to genotype 16 high-risk human papillomavirus (HPV) types in cervical
cytology specimens. This method was compared to a commercial kit, the Inno-LiPA HPV genotyping assay, which
detects a broad spectrum of HPV types. HPV DNA was assessed by the two methods in a total of 325 cervical
cytology specimens collected in PreservCyt® solution. The overall agreement was almost perfect (Cohen’s k=0.86)
in term of positive and negative cases. Indeed, HPV types 16, 35, 56 and 66 showed the highest agreement values
(>0.80). The highest agreement values (K >0.80) were found for all 16 HPV types in single infections, but only for
HPV 16, 35, 45 and 56 in multiple infections. In conclusion, the high-throughput MS-based method developed here
is well-suited for broad spectrum HPV genotyping in large-scale epidemiological studies.
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INTRODUCTION

More than 100 different human papillomavirus
(HPV) types have been identified, of which approximately 45 can infect the anogenital tract
(Steben et al., 2007). Based on their oncogenic
potential, HPVs have been divided into low- and
high-risk type, which are found mainly in genital warts and invasive cervical cancer, respectively. Twelve anogenital high-risk HPVs (HPV
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59)
are today classified as carcinogenic to humans
by the International Agency for Research on
Cancer (IARC) and explain virtually all cases of
cervical cancers (Bouvard et al., 2009). HPV 16
is by far the most carcinogenic in terms of numbers of cervical cancer cases and its precursors
lesions, whereas HPV 18 is a distant second in
terms of etiologic importance (Li et al., 2011; de
Sanjose et al., 2010).
In the last 50 years, cervical cytology screening
has significantly reduced the cervical cancer

Cervical cancer is the fourth most common
cancer among women worldwide, with an estimated 528,000 new cases per year (http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx).
The large majority (85%) of the global burden
occurs in the less developed regions, where it
accounts for almost 12% of all female cancers.
In Italy, an incidence rate of about 6.7/100,000
cervical carcinomas in women of all ages has
been estimated (http://globocan.iarc.fr/Pages/
fact_sheets_cancer.aspx).
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burden (Arbyn et al., 2007; Wain 2006). Nevertheless, the introduction of HPV DNA testing
has recently been proposed in cervical cancer
screening programs. Primarily, HPV DNA testing permits safe and cost-effective lengthening
of the screening intervals by virtue of its high
negative predictive value (Bosgraaf et al., 2014;
Bulk et al., 2007; Mayrand et al., 2007; Naucler
et al., 2007; Ronco et al., 2010; Schiffman et al.,
2011). Nowadays many commercial kits are
available to identify oncogenic HPVs in cervical
cytology specimens (Chan et al., 2012; Dutra et
al., 2012). A few of them are FDA-approved in
the US and are widely used in pilot studies to
pave the way to the introduction of HPV DNA
testing in cervical screening programs. Whatever their merits, these assays provide limited genotyping information. These considerations prompted us to develop a cost-effective
high-throughput method to assess and to genotype the prevalent sixteen high-risk HPV types
found in cervical cancer worldwide (Guan et
al., 2012; Li et al., 2011). In particular, we developed a multiplex PCR using a matrix-assisted
laser desorption ionisation-time of flight (MALDI-TOF) mass spectrometry (MS) based method on a Sequenom Mass Array platform. This
technology has an established efficiency in the
diagnosis of microbial infection (Moore et al.,
2014).
In conclusion, here we have developed a
high-throughput mass spectrometry based
method to genotype sixteen high risk HPV. This
method associates a high degree of specificity,
in terms of absence of cross-reactivity among
different HPV strains, with the well-known analytical sensitivity of MS. Its performance was
compared to that of a commercial genotyping
assay (Inno-LiPA HPV Genotyping Assay, Innogenetics), which is routinely employed in diagnostic procedure. Due to the high-throughput
properties, the MS assay might be applied for
large epidemiological studies.

HPV types (HPV16, 18, 31, 33, 35, 39, 45, 51,
52, 53, 56, 58, 59, 66, 68 and 73) using Clone
Manager Professional software version 9 (Scientific &-Educational Software, Cary, NC, USA)
as well as MassARRAY Assay Design software
version 3.1 (Sequenom, San Diego, CA, USA).
As the MassARRAY software is intended for designing assays for SNP polymorphism search,
it was adapted to HPV DNA detection by introducing a dummy allele (Figure 1). We included the analysis of a multidrug resistance-associated protein-1 (ABCC1/MRP1) rs45511401
human gene polymorphism as internal quality
control (Vulsteke et al., 2013). The sequences of
each primer trio were blasted in the GenBank
database using the blast search engine (http://
www.ncbi.nlm.nih.gov/BLAST/) and cross-reactivity with other sequences were not observed.
All primers are listed in Table 1.
Multiplex PCR
Our assay was designed for simultaneous detection and typing of sixteen HPV DNA types,
in addition to ABCC1/MRP1 rs45511401 in a
single well, for a total of 17 determinations/
well. The 17-plex PCR reaction was performed
using a Mastercycler Pro 384 (Eppendorf, Milan, Italy) in a total volume of 5 µl in a 384 well
plate format as follows: 1X PCR buffer with 2
mM of MgCl2, 500 µM of dNTPs mix, 100 nM of
primers mix, 1.0 U of Hot start Taq (Sequenom,
San Diego, CA, USA) and 1 µl of DNA. PCR cycles were as follows: 94°C for 2 min, 45 cycles
at 94°C for 30 s, 56°C for 30 s and 72°C for 1
min and the final step at 72°C for 3 min. Positive (HPV positive recombinant plasmids) and
negative (distilled water) controls were included with each run.
To neutralize the unincorporated dNTPs, 2 µl
of SAP enzyme solution (1.7 U/µl of enzyme in
10X SAP Buffer) were added to each PCR product using MassARRAY Liquid Handler Matrix,
and then the plate was incubated at 37°C for
40 min and 85°C for 5 min to inactivate the enzyme.

MATERIALS AND METHODS
Mass Spectrometry-based method (MS)
Primer design of MS assay
PCR primer pairs were designed within the
E6/E7 genes of the prevalent sixteen high-risk

Primer-extension reaction
The single-base primer-extension reaction was
carried out using iPLEX-Gold technology (Sequenom, San Diego, CA, USA) which contains
four terminator nucleotides. During this re-
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FIGURE 1 - Schematic representation of MS technique. PCR primer pairs were designed along highly conserved
HPV type specific sequences (E6 and E7 genes). As the Typer 4.0 Software is set up to recognize single nucleotide
polymorphisms (SNP) alleles, each HPV type was regarded as one allele (e.g. G) of a dummy SNP (e.g. G/T). Thus,
in the mass/intensity plot, the presence of specific HPV type is represented by the peak of the extended primer (C),
while the peak of the dummy allele is absent (A). Also the unextended primer, which has a lower mass than that
of extended ones, is shown.

action the expected terminator nucleotide is
enzymatically added to the extension primer
(Figure 1). To equilibrate the signal-to-noise
ratio due to the inverse relationship between
peak intensity and analyte mass, we adjusted
the primer concentration as follows: 7.0 µM
for the low mass group (HPV53, 66, 39), 9.3
µM (HPV18, 58, 73, 45, 59, 56) and 11.6 µM
(HPV68, 18, 33, 31) for the two medium mass
primers and 14 µM for the high mass primers
(ABCC1/MRP1, HPV51, 52, 35). A volume of
1.2 µl of primer mix and 0.8 µl of iPLEX solution (containing 0.222X of iPLEX buffer, 1X
of iPLEX termination mix and 1X of iPLEX
enzyme) were added to SAP-treated PCR products using Matrix MassARRAY Liquid Handler
and cycled as follows: 30 s at 94°C for enzyme
activation, 5 s at 94°C for strands denaturation, then strands were annealed at 52°C for
5 s and extended at 80°C for 5 s, this last an-

nealing-extension step was repeated five times
and then looped back to the initial denaturing
step. The denaturing step and the five cycles of
the annealing-extension step were repeated 40
times and followed by a final extension step at
72°C for 3 min.
MALDI-TOF MS analysis
We performed a desalting step by adding 6 mg
of SpectroCLEAN resin (Sequenom, San Diego,
CA, USA) and 25 µl of water to each sample, followed by 20 min of rotation and 5 min of centrifugation at 3,500 g. This conditioning step
is crucial to optimize MS analysis. A Samsung
MassARRAY Nanodispenser was used to spot
25 nl of cleaned up extension products onto
SpectroCHIP II Arrays (Sequenom, San Diego,
CA, USA) containing 384 pads, pre-spotted with
a matrix of 3-hydroxypicolinic acid. The Bruker
MassARRAY MALDI-TOF MS (Sequenom, San
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TABLE 1 - Sequences and molecular weights of unextended (UEP) and extended (EP) primers as well as of
extension primer to detect 16 high-risk HPV typesand the internal control ( in a single multiplex reaction.
Strand
Orientation
16
ACGTTGGATGAGCATATGGATTCCCATCTC
ACGTTGGATGATGTGTGTACTGCAAGCAAC cAGTCATATACCTCACGTC
Reverse
18
ACGTTGGATGAGCATGGGGTATACTGTCTC ACGTTGGATGACCTGTGTATATTGCAAGAC AAATTCAAATACCTCTGTAAGTT
Reverse
31
ACGTTGGATGAACATAGGAGGAAGGTGGAC ACGTTGGATGCACGCATGTTTACACTTGGG gGCATAGCATGTTGGAGAAGACC
Forward
33
ACGTTGGATGCTAATTTTAGATAAGAACCGC ACGTTGGATGACAGTTGTATATAGAGAGGG TTAGATAAGAACCGCAAACACAG
Reverse
35
ACGTTGGATGGTGTGTATGGAGAAACGTTAG ACGTTGGATGTGGACACAGCGGTTTTTGAC TGTATGGAGAAACGTTAGAAAAACA Forward
39
ACGTTGGATGAGCAGGAAGCTATACAGGAC ACGTTGGATGGGTTTCTCTTCGTGTTAGTC TGGACCACAAAACGGGA
Forward
45
ACGTTGGATGATTTCACAGCATAGCTGGAC ACGTTGGATGTCTGCGAAGTCTTTCTTGCC gAGTACCGAGGGCAGTGTAA
Forward
51
ACGTTGGATGCAATACACACACACTACCTG
ACGTTGGATGAAGAGGGAAAGACCACGAAC cCTACCTGTATATTGTGCATAGAAA Reverse
52
ACGTTGGATGCTGTTCAGAGTGTTGGAGAC ACGTTGGATGTAGTTGCTTTGTCTCCACGC TTCAGAGTGTTGGAGACCCCGACCT Forward
53
ACGTTGGATGGTGTGCAAATTCTGTTTGCT ACGTTGGATGTTTAGTTAGTGCTTCCAGGC GCTTCCAGGCTAGCCCC
Reverse
56
ACGTTGGATGGACTATTCAGTGTATGGAGC ACGTTGGATGCGGACTTTGACATCTGTAGC ATGGAGCTACACTAGAAAGTA
Forward
58
ACGTTGGATGAGGTCAGTTGGTTCAGGATG ACGTTGGATGACCTGTAACAACGCCATGAG TATTCTCTTAGCGTTGGGT
Reverse
59
ACGTTGGATGTGGACATAGAGGTTTTAGGC ACGTTGGATGAGAGGCTGAAACCAAGACAC gCTATAACAGCGTATCAGCAG
Reverse
66
ACGTTGGATGATAGACCATTTGCTGGAGCG ACGTTGGATGCACCACCAACTCACACTTAC CCACAGCAAGCTAGACA
Forward
68
ACGTTGGATGACTGCTGGACCAGTAAGCGA ACGTTGGATGGGGCTTTGGTCCATGCATAG gTGGACCAGTAAGCGAGAGGAC
Forward
73
ACGTTGGATGTAGTTACTGACTGCACGAAG ACGTTGGATGGTACCCATAAGCAACTCTTC ACGAAGTGTCAGTGCACAG
Forward
ABCC1/ ACGTTGGATGTGAGAGCAGGGACGACTTTC ACGTTGGATGCGTTTCAGCATCACCTTCTC aTGGCCCACCACGGCCACCAAAGCA Reverse
MRP1

HPV

2nd-PCR primer (a)

1st-PCR primer (a)

Extension primer (a)

Amp
(b)
117
119
101
91
112
99
99
106
89
116
110
100
93
119
103
117
107

UEP
(c)
5707
7005
7137
7058
7771
5237
6231
7640
7658
5107
6487
5815
6439
5157
6858
5861
7574

EP
(d)
5954
7252
7464
7385
8042
5524
6558
7887
7945
5394
6814
6142
6686
5428
7105
6188
7822

Ex
(e)
C
G
T
A
A
G
T
G
G
C
T
A
G
A
C
T
G/T

a: Primers (extended, unextended and extension primers) sequences used in MS assay. PCR primers tags are in bold; no-template bases are
reported in lower case letters. b: Length of amplimers; c: Mass of unextended primer (Dalton); d: Mass of extended primer (Dalton); e: Single
base primer extension. ABCC1/MRP1 (multidrug resistance-associated protein-1 rs45511401 human gene polymorphism): internal quality
control.

Diego, CA, USA) was used to acquire the data
from the chip. The typing was automatically generated using Typer 4.0.22 Software (Sequenom, San Diego, CA, USA). Representative
raw data are depicted in figure 2. The samples
were clustered in positive and negative ones
according to the software algorithm which is
based both on the ratio unextended/extended
primer and on the relative intensity of each expected mass. These criteria were used to call
positive samples for each genotype. Representative profile of single and multiple infections
were depicted in figure 3.
Clinical samples and comparison method used
for HPV genotyping
This study was performed on archival DNA
samples extracted by the NucliSENSE EasyMag system (Biomerieux, Marcy l’Etoile,
France) from 325 eso-endocervical cytology
specimens collected in PreserveCyt® medium
(Hologic, Marlborogh, MA, USA). The samples
were stored at -20°C until use. The samples had
been sent to the Microbiology Section, S.Orso-

la Malpighi Hospital, Bologna, Italy, during the
period 2009-2011, for routine diagnostic analysis and thereafter kept anonymous for further
assessments.
All the samples had been previously analysed
by the Inno-LiPA HPV Genotyping Assay (Innogenetics, Rome, Italy) which detects 28 HPV
types, namely all currently known high-risk and
probable high-risk HPV genotypes (16, 18, 26,
31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68,
73, 82) as well as a number of low-risk HPV (6,
11, 40, 43, 44, 54, 70) and some additional types
(69, 71, 74). LiPA PCR assay uses the proven
SPF primer set which contain a mix of 10 oligonucleotide sequences designed to amplify a
65 bp fragment that is located within L1 viral
genes.
Samples for MS assay optimization
(cell lines, plasmids and reference
samples)
HPV positive cell lines, such as Caski (400-600
copies of HPV16 DNA/cell) and HeLa (20-50
copies of HPV18 DNA/cell) and a HPV negative

High-throughput HPV DNA genotyping

215

FIGURE 2 - Representative cluster plot of HPV16 and 18 DNA genotypes. Panel A displays HPV16 DNA cluster
plot. The red circles are the negative calls, the orange triangles are the high mass positive calls (cytosine extended
primer (C), mass 5994.90) and the low mass positive calls are absent (guanosine extended primer (G), mass
5954.90). Cytosine was extended because it is complementary to the HPV 16 sequence while guanosine is the
dummy nucleotide. The peak with the lowest intensity, which is the most critical one, is indicated by a black arrow. Panel B shows the relative intensity versus the mass of the sample indicated in panel A. The lowest peak (1)
represents the unextended primer (UEP, mass 5707.70) and the highest peak (2) represents C. An additional UEP
(*, HPV73) is depicted in the panel since its mass is in the range of that of HPV16. Panel C displays HPV18 DNA
cluster plot. The red circles are the negative calls, the blue triangles are the low mass positive calls (guanosine
extended primer (G), mass 7252.80), while the high mass positive calls are absent (mass 7292.80). As for HPV16,
the peak with the lowest intensity is indicated by an arrow. Panel D shows the low mass extended primer (1) of
the sample indicated in panel C. HPV18 unextended primer peak (mass, 7005.60) is absent while additional unextended primers (*) are shown (HPV 31 and 33).
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FIGURE 3 - Representative plot of two clinical samples obtained by use of MS assay. The panel shows the relative
intensity versus the mass of the analytes. For each HPV type, the expected masses of UEP and extended products
(dummy and correct base extension) are indicated with same colour dashed lines. The masses of UEP and the
extension products of the biallelic genomic SNP rs45511401 (rs) are also shown. All the type-specific HVP extension peaks are indicated by black arrows, whereas the genomic control (rs) is reported by a dashed black arrow.
Panel A shows an HPV16 single infection and panel B an HPV multiple infection (HP16, 53 and 73) in clinical
cervical cytology samples.

cell line (Tf1, a human erythroleukemic cell line
from blood) were used for assay optimization.
Moreover, recombinant plasmids which contain inserts along E6 and E7 genes of HPV16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59,
were constructed as previously described (Cricca et al., 2007) and assessed for assay optimization. Four additional plasmids, which contain
the same kind of insert belonging to HPV 53,
66, 68 and 73, were designed and purchased
from the GeneArt® Gene Synthesis service (Life
Technologies, Milan, Italy).
The limit of detection of each HPV type was
determined by serial tenfold dilutions (100 up
to 106 copies/µl) of recombinant plasmids in a
solution containing a fixed amount (300ng) of

human genomic DNA (Promega, Milan, Italy).
We found a detection limit of 101 genome copies/reaction for HPV35, 58 and 59, of 102 genome copies/reaction for HPV16, 18, 52, 56, 53,
66, 68 and 73, and finally of 103 genome copies/
reaction for HPV31, 33, 39, 45 and 51. Specificity was determined using HPV-positive (Caski,
HeLa) cell lines and recombinant plasmids. No
cross-reactivity was observed when HPV negative as well as HPV 6, 11, 26, 82 positive samples were tested.
Retesting of discordant samples by
in house E6/E7 multiplex PCR assay
All samples were double tested by MS and
LiPA assays and those which gave discordant
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TABLE 2 - Primers used for the in house E6/E7 multiplex PCR assay.
HPV
16
31
35
56
18
39
45
59
33
51
52
58
53
66
68
73

Multiplex PCR
and genotypes

Forward primer (5’-3’)

Nucleotide
Position
CAACAGTTACTGCGACGTGAG
206 (a)
Multiplex 1:
AAGACCGTTGTGTCCAGAAG
428 (c)
HPV 16, 31, 35
ATAACATCGGTGGACGGTGGACAG
486 (e)
and 56
GTGTATGGAGCTACACTAGA
357 (m)
TGCACGGAACTGAACACTTCAC
156 (b)
Multiplex 2:
TACTCGGACTCGGTGTATGC
347 (f)
HPV 18, 39, 45
TGCGGTGCCAGAAACCATTG
418 (g)
and 59
AGAGACTGTACACCGTATGC
223 (o)
AACTACAGTGCGTGGAATGC
188 (d)
Multiplex 3:
CATGAAATAGCGGGACGTTGG
472 (h)
HPV 33, 51, 52
CTAACGCACGGCCATGTTTG
89 (i)
and 58
ACGCCATGAGAGGAAACAACC
569 (n)
ACGGGTATCCGTATGGAGTG
280 (l)
Multiplex 4:
ATAGACCATTTGCTGGAGCG
689 (p)
HPV 53, 66, 68
AGACCTGTGCAGGACATTGG
45 (q)
and 73
ACAGACAGCCATCTAGACAG
661 (r)

Reverse primer (5’-3’)

Nucleotide
position
GCTGGGTTTCTCTACGTGTTC
554 (a)
GCTGGACTGTCTATGACATC
684 (c)
TATAGGTCAGTTGCCTCGGGTTC 629 (e)
CATAAGCAGCTGTTGTACAA
844 (m)
GCCCAGCTATGTTGTGAAATCG 501 (b)
GTAGTTGTCGCAGAGTATCC
859 (f)
TTCCCTACGTCTGCGAAGTC
566 (g)
ATTCTCGGAGTCGGAGTCAG
655 (o)
ACGTTGGCTTGTGTCCTCTC
594 (d)
CAGCCCGTCTTTCTGGTAGC
710 (h)
CACGCATGACGTTACACTTGG
599 (i)
TAATTAGCTGTGGCCGGTTG
731 (n)
GCATTGCAGGTCAATCTCAG
643 (l)
CACCACCAACTCACACTTAC
787 (p)
GGGCTTTGGTCCATGCATAG
501 (q)
TAAACCATCCCGTACACCTC
895 (r)

Amplimer
length
349
257
144
487
346
513
149
433
407
239
510
162
363
98
456
234

a: Base position on the sequence of HPV16 deposited in GenBank, Accession Number NC_001526.2; b: Base position on the sequence of
HPV18 deposited in GenBank, Accession Number NC_001357.1; c: Base position on the sequence of HPV31 deposited in GenBank, Accession Number J04353; d: Base position on the sequence of HPV33 deposited in GenBank, Accession Number M12732; e: Base position on the
sequence of HPV35 deposited in GenBank, Accession Number M74117; f: Base position on the sequence of HPV39 deposited in GenBank,
Accession Number M62849 M38185; g: Base position on the sequence of HPV45 deposited in GenBank, Accession Number X74479; h: Base
position on the sequence of HPV51 deposited in GenBank, Accession Number M62877; i: Base position on the sequence of HPV52 deposited
in GenBank, Accession Number X74481; l: Base position on the sequence of HPV53 deposited in GenBank, Accession Number NC_001593;
m: Base position on the sequence of HPV56 deposited in GenBank, Accession Number EF177181; n: Base position on the sequence of HPV58
deposited in GenBank, Accession Number D90400; o: Base position on the sequence of HPV59 deposited in GenBank, Accession Number
X77858; p: Base position on the sequence of HPV66 deposited in GenBank, Accession Number U31794; q: Base position on the sequence of
HPV68 deposited in GenBank, Accession Number FR751039; r: Base position on the sequence of HPV73 deposited in GenBank, Accession
Number X94165.

results were retested by an in house multiplex
E6/E7 PCR assay. All primer sequences are reported in supplemental Table 2. This assay was
composed of four multiplex PCR, each able to
co-amplify four HPV types. The amplification
reaction was carried out in a final volume of
50 µl containing 10 µl of 5× Colourless GoTaq®
Flexi Buffer (GoTaq® Hot Start Polymerase,
Promega, Milan, Italy), 0.1 µM of each primer,
2 mM MgCl2, 200 µM of dNTPs, 1.25 U GoTaq® Hot Start Polymerase and 5 µl of purified
product.
The amplification program included a 2 min
initial denaturation step at 94°C and 40 cycles
at 95°C for 1 min, 60°C for 1 min and 72°C
for 1 min. The final extension step was at 72°C
for 5 min. PCR was performed on a MWG
Thermal Cycler, PTC-100. The PCR product
was electrophoresed on a 2% agarose gel,
stained with Gel Red (Biotium, Società Italiana Chimici, Rome, Italy) and visualized un-

der UV light, by a VersaDoc Model 1000 Imaging System (Bio-Rad, Milan, Italy). Positive (a
pool of reference HPV DNA positive samples)
and negative controls (human genomic DNA,
Promega, Milan, Italy) were included in each
run.
Statistical analysis
Agreement between MS and LiPA assays was
measured by Cohen’s kappa statistics (k) using SPSS v20 software. K values were stratified as follow: values from 0.00 up to 0.20 indicate slight agreement; from 0.21 up to 0.40
fair agreement; from 0.41 up to 0.60 moderate
agreement; from 0.61 up to 0.80 substantial
agreement and from 0.81 up to 1.00 almost
perfect agreement. Negative values mean that
there is active disagreement. Concordance between the two methods was assessed by McNemar’s test or McNemar’s exact test (n<30) using
SPSS v20 software.
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RESULTS
HPV DNA detection: comparison between MS
and LiPA assays
The MS assay was performed on 325 cytology
cervical samples previously assessed by LiPA
assay.
The overall rate of positivity by MS assay was
48% (n=155/325) which was strikingly close
to that found by LiPA assay (n=160/325, 49%)
The comparison between MS assay and LiPA
assay revealed that the overall agreement was
almost perfect (k=0.86) and McNemar test was
not significantly discordant (P=0.40). In particular concordant HPV-DNA positive results
were 45% (n=146), concordant negative ones
were 48% (n=156) and discordant ones were
7% (n=23) (Figure 4).
Out of the 23 discordant samples only 16 were
available for retesting by in house E6/E7 PCR
assay: a substantial agreement (k=0.733) and
not significantly discordant results (McNemar’s exact test P=1.000) were found between
MS and E6/E7 PCR, while active disagreement
(k=-0,647) and significantly discordant samples
(McNemar’s exact test P=0.42) were found between LiPA and E6/E7 PCR assays (Table 3).

Total samples
n = 325

48%, n=156

Discordant samples
n = 24

Sample
2
4
5
6
8
9
10
11
12
13
16
17
18
19
21
22
1
3
7
14
15
20
23

HPV types
by MS
39P, 59P
18P, 31P,
39P
16P
16P, 52P,
53P
68P
68P
N
N
N
N
N
N
N
N
N
N
68P
33P, 51P
45P
N
N
N
N

HPV types
by LiPA
N

HPV types
by PCR E6/E7
N

N
N

18P, 31P, 39P
16P

N
N
N
31P
52P
16P
16P, 18P,
53P
16P, 73P
39P
18P, 31P
16P
39P
33P, 39P
N
N
N
53P
66P
66P
66P

16P, 52P, 53P
68P
68P
31P
N
N
N
73P
N
N
N
N
N
n.d
n.d
n.d
n.d
n.d
n.dn.d

N: negative ; P: positive; n.d.: not done; MS vs E6/E7 PCR: k=0.733;
McNemar’s test P=1.000; LiPa vs E6/E7 PCR: k=-0.647; McNemar’s
test P=0.42.

43%, n=9
7%, n=23

45%, n=146

TABLE 3 - Sixteen out of 23 discordant cervical
cytology samples between MS and LiPA assays were
analysed by in house E6/E7 multiplex PCR

57%, n=14

FIGURE 4 - Comparison between MS and LiPA assays: analysis of 325 cervical cytology samples. Concordant HPV-DNA positive results were 45% (n=146),
concordant negative ones were 48% (n=156) and discordant ones were 7% (n=23). In particular, among
discordant samples, 9 (43%) were positive by MS and
negative by LiPA and 14 (57%) were negative by MS
and positive by LiPA. The comparison between MS assay and LiPA assay revealed that the overall agreement
was almost perfect (k=0.86) and McNemar test was
not significantly discordant (P=0.40).

HPV DNA genotyping: comparison between
MS and LiPA assays
Single infections were 65% (n=100/155) and
64% (n=102/160), and multiple HPV infections
were 35% (n=55/155) and 36% (n=58/160) in
MS and LiPA assays, respectively (Figure 5).
MS and LiPA assays showed the same most
prevalent types (HPV16, 53, 31, 66 and 52) but
in a different order of prevalence (Figure 5).
In multiple HPV infections, the most prevalent
types were HPV53 and 16, whereas in single infections the most represented types were HPV16,
31, 52 and 66 by both techniques (Table 3). Notably, LiPA test did not detect HPV 45 in single
infections and HPV 59 in multiple infections
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FIGURE 5 - Comparison between MS and LiPA assays: prevalence of each HPV DNA in total, single and HPV
multiple infections. The percentage of each HPV type is depicted for total (A), single (B) and multiple HPV infections (C). Out of 325 samples analysed, overall positivity was 48% (155) by MS and 49% (160) by LiPA assay
(A). Single infections were 65% (n=100/155) and 64% (n=102/160) (B) and multiple HPV infections were 35%
(n=55/155) and 36% (n=58/160) by MS and LiPA assays (C), respectively. (▲) Most prevalent infections.

(Figure 5). An overall perfect agreement (k≥0.81)
was found for HPV16, 35, 56 and 66, substantial
agreement (k from 0.61 to 0.80) for HPV18, 31, 33,
45, 51, 52, 53, 58 and 73, as well as minor agreement (k≤0.60) for HPV39, 59 and 68 types (Table
4). Discordance was significant (McNemar’s test,
P<0.05) only for HPV52, 58, 59 and 68 types.
In a subset of samples which resulted positive
to single infections at both techniques (n=88),
we found an almost perfect agreement for each
HPV type, as well as no significant discordance
was measured by McNemar’s test (Table 4). In a
subset of samples which resulted positive to multiple HPV infections by both techniques (n=58)
there was an almost perfect agreement (k>0.80)

for HPV16, 35, 45 and 56 types, and substantial
agreement for all the other HPV types except
HPV 33 and 52 (Table 4). Significantly discordant samples (McNemar’s test P<0.05) were
found for HPV 31, 52 and 58 types (Table 4).
All the samples whose genotypes (HPV31, 52,
58, 59 and 68 types) were significantly discordant between MS and LiPA assays (McNemar’s
test, P<0.05) were retested by E6/E7 PCR (Table
5). Substantial agreement (k≥0.81) and no significant discordance (McNemar’s test, P>0.5)
were found for HPV 31 and 52 types between
MS and E6/E7 PCR, while active disagreement
(k<0) was found between LiPA and PCR E6/E7
assay (Table 5).
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TABLE 4 - Genotype-specific agreement (Cohen’s k value) and concordance (Mc Nemar’s P test) between
MS and LiPA methods in total, single as well as multiple infections.
Genotype
16
18
31
33
35
39
45
51
52
53
56
58
59
66
68
73

Total infections (n=325)
k value (1)
P value (2)
5
0.227
0.869
4
0.727
0.722
0.227
0.7574
0.219
0.6584
1.000
1.0005
1.000
0.5433
1.000
0.7994
1.000
0.7634
4
0.021(*)
0.627
0.549
0.7894
0.500
0.9135
0.031(*)
0.7604
0.031(*)
0.3942
1.000
0.8095
0.031(*)
0.5643
1.000
0.7474

Single infections (n=88)
k value (1)
P value (2)
0.9215
0.250
5
0.883
1.000
0.9045
1.000
1.0005
1.000
1.0005
1.000
1.0005
1.000
n.a
n.a
1.0005
1.000
1.0005
1.000
0.8105
0.801
1.0005
1.000
1.0005
1.000
1.0005
1.000
1.0005
1.000
1.0005
1.000
1.0005
1.000

Multiple infections (n=58)
k value (1)
P value (2)
0.9225
1.000
4
0.738
0.625
0.6694
0.031(*)
0.5693
0.125
1.0005
1.000
0.6394
1.000
1.0005
1.000
0.6854
1.000
2
0.334
0.013(*)
0.7814
0.687
0.8695
0.500
0.6134
0.031(*)
n.a
n.a
0.7184
0.687
0.6424
0.250
0.7914
1.000

(1): Cohen’s kappa value (k). k agreement has been graduated as: 1Poor agreement (0.00-0.20). 2Fair agreement (0.021-0.40). 3Moderate agreement (0.41-0.60). 4Substantial agreement (0.61-0.80). 5Almost perfect agreement (0.81-1.00). (2): P value as determined by McNemar’s test.
P values < 0.05 are considered statistically significant. (*): Significantly discordant samples (P<0.05).

TABLE 5 - Retesting of significantly genotype discordant samples (Mc Nemar test P<0.05)
by E6/E7 in-house PCR.
HPV
31
52
58
59
68

Samples tested
12/12
14/17
2/6
6/6
3/6

k (MS vs E6/E7)
0.667
0.759
n.a
n.a
n.a

P (MS vs E6/E7)
0.500
1.000
n.a
n.a
n.a

k (LiPA vs E6/E7)
-0.667
-0.319
n.a
n.a
n.a

P (LiPA vs E6/E7)
0.7542
0.022
n.a
n.a
n.a

n.a: not applicable.

DISCUSSION
In the past 50 years cervical cytology screening
programs have greatly reduced the incidence of
cervical cancer, but overwhelming evidence has
called for a transition to a new public health
approach focusing on HPV testing (Castle et
al., 2012; Boone et al., 2012). Indeed, it is currently acknowledged that different HPV types
stratify the risk for cervical cancer (Tjalma
et al., 2013; Guan et al., 2012; Naucler et al.,
2007) and that multiple HPV infections also
increase the risk for such a disease (Munagala
et al., 2009). Therefore accurate and sensitive
genotyping becomes a key point for monitor-

ing HPV positive patients. The present study
describes a high-throughput MS-based method
to detect and genotype sixteen high-risk HPV
in a 384 well format. Our assay targets E6/E7
region, which is the most conserved along the
entire HPV genome and which is retained upon
the process of genomic DNA integration. In
particular, we examined 12 carcinogenic HPVs
(classified as group 1 by IARC monographs,
HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59),
one probably carcinogenic HPV (classified as
group 2A, HPV68) and three possibly carcinogenic HPVs (classified as group 2B, HPV53,
66 and 73). The assay sensitivity was assessed
and ranged from 10 up to 1000 copies/reaction
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(100 copies/reaction for HPV 16 and 18). The
MS-assay is endowed with a high-throughput
performances (384 tests/run), which in a fully
automated set-up may account for up to about
2000 samples within one working day (Basu et
al., 2011; Soderlund-Strand et al., 2008). The
325 cervical cytological samples analysed by
MS were previously analysed by a commercial genotyping kit, the InnoLipa assay, which
is routinely employed in our diagnostic procedures. The two methods, MS-assay and InnoLipa, showed a substantial overall agreement
(k=0.86). However, when discordant samples
were reanalyzed by an in house PCR assay (E6/
E7 multiplex PCR), substantial agreement with
MS (k=0.733) and an active disagreement with
LiPA test (k=-0.647) were found. In addition,
McNemar’s P test showed that no significantly discordant samples were found between MS
and E6/E7 assays (P=1.000). Therefore, LiPA
assay show lower specificity compared to the
method here developed, a phenomenon which
may be attributed to the loss of L1 gene during
the process of integration (Tjalma et al., 2013)
and/or to genotype misidentification due to the
cross-reactivity with the HPV types not detected by the assay probes (Didelot-Rousseau et al.,
2006).
As far as the HPV genotyping is concerned,
our most interesting observation regards the
loss of agreement in multiple HPV infections
compared to single ones. This finding is coupled with the observation that MS and in house
E6/E7 PCR assay show substantial agreement
(k>0.80) and no significantly discordant samples (McNemar’s exact test P>0.500).
These observations led us to reason that the
presence of multiple HPV genotypes represents
a limiting factor for genotyping assessment in
LiPA assay, albeit this bias does not affect the
overall agreement between MS and LiPA assays in term of positive and negative cases. The
correct assessment of multiple HPV genotypes
is likely to be influenced by the competition
among viral targets which occurs during amplification reactions, especially using consensus primer sets such as MY09/11, GP5+/6+ as
well as SPF10, the latter being used in the LiPA
test. In accordance with these observations, it
was previously reported that LiPA fails to detect HPV types at low copy number in multi-
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ple HPV infections compared to next generation sequencing assays (Barzon et al., 2011).
Moreover, in agreement with previous reports
showing that the LiPA test detects more HPV
52 type compared to other genotyping systems
(Barbieri et al., 2012; van Doorn et al., 2002), we
found a lower rate of HPV52 positive samples
compared to the LiPA assay (29% vs 16%).
MS-based strategies have already been employed for HPV genotyping on cervical samples
(Basu et al., 2011; Lee et al., 2011; Patel et al.,
2009; Peng et al., 2013; Soderlund-Strand et al.,
2008; Yi et al., 2011). Some studies were performed on the L1 gene (Soderlund-Strand et
al., 2008; Yi et al., 2011), while others targeted the E6/E7 genes (Basu et al., 2011; Patel et
al., 2009; Peng et al., 2013). In agreement with
our results, previous reports comparing the
MS based-method to other techniques found
this methodology highly sensitive and accurate (Basu et al., 2011; Patel et al., 2009; Soderlund-Strand et al., 2008).
In conclusion, here we report the development
of a sensitive, reliable and high-throughput
MS-based method to detect and genotype sixteen high-risk HPVs in a 384 microwell plate
format. The MS assay is expected to improve
large-scale HPV genotyping and to facilitate the
assessment of HPV type distribution in the current post-vaccine era.
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