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Abstract: (1) Background: Human papillomaviruses (HPVs) are known to be related to the devel-
opment of about 5% of all human cancers. The clinical relevance of HPV infection has been deeply
investigated in carcinomas of the oropharyngeal area, uterine cervix, and anogenital area. To date,
several different methods have been used for detecting HPV infection. The aim of the present study
was to compare three different methods for the diagnosis of the presence of the HPV genome. (2)
Methods: A total of 50 samples were analyzed. Twenty-five of them were tested using both next
generation sequencing (NGS) and VisionArray® technology, the other 25 were tested using Hybrid
Capture (HC) II assay and VisionArray® technology. (3) Results: A substantial agreement was
obtained using NGS and VisionArray® (κ = 0.802), as well as between HC II and VisionArray®

(κ = 0.606). In both analyses, the concordance increased if only high risk HPVs I(HR-HPVs) were
considered as “positive”. (4) Conclusions: Our data highlighted the importance of technical choice
in HPV characterization, which should be guided by the clinical aims, costs, starting material, and
turnaround time for results.
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1. Introduction

Human papillomaviruses (HPVs) represent a group of more than 150 double-stranded
circular DNA viruses involved in the infection of basal cells of the stratified epithelium [1]. HPVs
are known to be related to the development of about 5% of all human cancers [2–4], and they can
be divided into three subtypes based on the clinical prognosis of their associated lesions: (i) high-
risk types (HR-HPVs) are known to cause lesions that often have a malignant progression;
(ii) probably high-risk types (PHR-HPV); (iii) low-risk types (LR-HPV) are involved in
benign epithelial hyperplasias such as warts and recurrent respiratory papillomas [5,6].

Twelve different HPV types are considered to have similar high-risk behavior (16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) [7], though the number of putative HR-HPVs
varies from 13 to 19 [8–11]. HR-HPVs are known to be involved in a subset of carcinomas,
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such as squamous cell carcinomas (SCCs) in the oropharyngeal area, uterine cervix, and
anogenital area. The vast majority (~84%) of all HPV-related cancers are represented by
cervical cancer [12]. In the anogenital region, the infection is sexually transmitted and it
shows a peak prevalence in women younger than 25 years [6,13]; in the oropharyngeal
region, HPV-positive SCCs typically occur in younger non-smoking patients, and they are
associated with improved overall outcomes with respect to HPV-negative cancers [14,15].

To date, several different methods are used for detecting HPV infection. The DNA
multiplex tandem polymerase chain reaction, RNA or in situ hybridization (ISH), and
expression of p16 can be combined for the determination of virus presence in different
specimens. Since the publication in the literature of MY and GP primers targeted to the
L1 region of the HPV genome [16–18], PCR-based methods and sequencing have been
considered the “reference standard” [19].

Different diagnostic methods mean different sensitivity and specificity. Molecular
approaches have shown high sensitivity when compared to ISH, but they carry the risk of
“false positive” (HPV non-cancer-associated) results.

There are many tests that are FDA approved for IVD (in vitro diagnostic) diagnosis,
such as Anyplex™ II HPV28 Detection (SeeGene Inc., Seoul, Korea), Cobas® HPV (Roche
Molecular Systems, Inc., Branchburg, NJ, USA), HPV OncoTect® E6, E7 mRNA assay
(incellDx, San Carlos, CA, USA), Cervista™ HPV HR (Hologic, Ltd., Manchester, UK),
Hybrid Capture® 2 High-Risk HPV DNA Test™ (Qiagen, Gaithersburg, MD, USA), and
VisionArray® HPV Chips assay (ZytoVision GmbH, Bremerhaven, Germany). Except for
VisionArray® technology, which also identifies LR-HPV, PHR-HPV, and HR-HPV, the other
assays are targeted only to HR-HPV diagnosis.

The Hybrid Capture (HC) II High-Risk HPV DNA Test allows for the detection of the
presence of 13 high-risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) in
cervical specimens, using RNA probes complementary to HPV DNA, specific antibodies
to identify RNA–DNA hybrids and amplify signal amplification, and chemiluminescent
detection. Specimens containing the target DNA hybridize with a specific HPV RNA probe.

The HPV test using next generation sequencing (NGS) is a PCR- based analysis that
allows for the identification of both HR- and LR-HPV sequencing of the HPV genome
and for aligning the results with sequences registered in an HPV database. NGS is a high-
throughput sequencing technique that has been widely used to determine the presence of
HPV in human specimens using large or small-targeted panels [20–33]. The NGS panel
used for HPV detection may be performed with or without a prior PCR. This PCR step may
lead to a higher sensitivity, but it could also lead to false-negative results due to eventual
mismatches in the sequences of the primers used [22,25,33].

VisionArray® HPV Chips (ZytoVision GmbH, Bremerhaven, Germany) assay is based
on DNA amplification by PCR and uses the VisionArray® HPV Primer Kit (ZytoVision
GmbH, Bremerhaven, Germany) that is targeted to the L1 region of HPV genomes and
allows for the identification of the following HPV types: (i) LR-HPV (6, 11, 40, 42, 43, 44, 54,
55, 57, 61, 62, 72, 81CP8304, 83MM7, 84MM8, 90, and 91); (ii) PHR-HPV (26, 34, 53, 66, 67,
68a, 68b, 69, 70, 73, 82IS39, and 82MM4); (iii) HR-HPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
and 59). HPV type is then detected using hybridization between the amplified sequences
and the complementary DNA probe, which is captured on a glass chip and analyzed using
the VisionArray® Analyzer Software (ZytoVision GmbH, Bremerhaven, Germany).

The present study aimed to compare three different methods (HC II, next generation
sequencing, and VisionArray® assay) for the diagnosis of the presence of the HPV genome
starting from both formalin-fixed and paraffin-embedded (FFPE) and “fresh-frozen” specimens.

This comparison analyzed the pros and cons of each tested method to help to un-
derstand which could be the more appropriate technique according to the clinical aims,
available specimen material, the costs, and turnaround time.



J. Mol. Pathol. 2021, 2 31

2. Methods and Materials
2.1. Sample Collection

By comparing the frequencies of HPV in oropharyngeal and anogenital lesions and
those reported in the database of our institution, we planned to analyze a total of 50 samples
randomly selected from the archive of Molecular Pathology Laboratory (Bologna). The
50 samples were 11 (22%) specimens from oropharyngeal sites and 39 (78%) from the
anogenital region (Table 1). The material analyzed was from 13 FFPE specimens and
37 “fresh-frozen” ones (cervical cytology brushing or non “formalin-fixed and paraffin-
embedded” biopsies) (Table 1). The age of the patients ranged from 19 to 70 years old
(median 45.0 years). Twelve of the 50 subjects (24.0%) were male and 38 (76.0%) were female.

Table 1. Cases analyzed for human papillomavirus (HPV) infection.

Sample Sex Age Sample Type Site Region

S1 M 43 FrB Anogenital-Anus
S2 M 45 FrB Anogenital-Anus
S3 F 34 FrB Anogenital-Anus
S4 M 61 FFPE Oropharyngeal-Lymph node
S5 M 67 FFPE Oropharyngeal-Tonsil
S6 F 24 FrB Anogenital-Cervix
S7 M 57 FFPE Oropharyngeal-Lymph node
S8 F 60 FFPE Anogenital-Anus
S9 F 43 FrB Anogenital-Anus

S10 M 41 FFPE Oropharyngeal-Tonsil
S11 F 48 FrB Anogenital-Anus
S12 F 20 FrB Anogenital-Anus
S13 M 53 FrB Anogenital-Anus
S14 F 66 FFPE Oropharyngeal-Tonsil
S15 F 69 FFPE Oropharyngeal-Tonsil
S16 M 66 FFPE Oropharyngeal-Tongue
S17 M 70 FrB Anogenital-Anus
S18 F 63 FFPE Oropharyngeal-Tonsil
S19 F 39 FrB Anogenital-Anus
S20 F 44 FrBˆ Anogenital-Cervix
S21 F 28 FFPE Anogenital-Anus
S22 M 55 FFPE Oropharyngeal-Lymph node
S23 M 28 FrB Anogenital-Anus
S24 M 42 FFPE Oropharyngeal-Tongue
S25 F 53 FFPE Oropharyngeal-Tonsil
S26 F 19 FrB Anogenital-Cervix
S27 F 61 FrB Anogenital-Cervix
S28 F 32 FrB Anogenital-Cervix
S29 F 61 FrB Anogenital-Cervix
S30 F 39 FrB Anogenital-Cervix
S31 F 46 FrB Anogenital-Cervix
S32 F 30 FrB Anogenital-Cervix
S33 F 33 FrB Anogenital-Cervix
S34 F 46 FrB Anogenital-Cervix
S35 F 31 FrB Anogenital-Cervix
S36 F 49 FrB Anogenital-Cervix
S37 F 45 FrB Anogenital-Cervix
S38 F 46 FrB Anogenital-Cervix
S39 F 70 FrB Anogenital-Cervix
S40 F 59 FrB Anogenital-Cervix
S41 F 48 FrB Anogenital-Cervix
S42 F 21 FrB Anogenital-Cervix
S43 F 40 FrB Anogenital-Cervix
S44 F 33 FrB Anogenital-Cervix
S45 F 32 FrB Anogenital-Cervix
S46 F 46 FrB Anogenital-Cervix
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Table 1. Cont.

Sample Sex Age Sample Type Site Region

S47 F 46 FrB Anogenital-Cervix
S48 F 33 FrB Anogenital-Cervix
S49 F 41 FrB Anogenital-Cervix
S50 F 33 FrB Anogenital-Cervix

FrB: Fresh-frozen (“non-formalin-fixed”) Biopsy; FFPE: Formalin-fixed and paraffin-embedded. ˆBrushing. Samples 1–25 were tested with
next generation sequencing (NGS) and VisionArray®; Samples 26–50 were tested by Hybrid Capture (HC) II and VisionArray®.

2.2. DNA Extraction

FFPE samples: DNA was extracted from two to four 10 µm-thick sections using the
QuickExtract FFPE DNA Extraction Kit (Epicentre, Madison, WI, USA) by scraping the
area of interest according to the selection by a pathologist on the final Hematoxylin and
Eosin (H&E) section.

“Fresh-frozen” specimens: DNA was extracted using the MasterPure DNA Purifica-
tion Kit (Epicentre, Madison, WI, USA), according to the manufacturer’s instruction.

DNA was quantified using the Qubit dsDNA BR Assay Kit (Thermo Fisher Scientific,
Waltham, MA, USA). The DNA concentration ranged from 2 ng/µL to 870 ng/µL.

2.3. Next Generation Sequencing

A total of 25 samples (S1–S25, Table 1) were analyzed using the NGS 454 GS-Junior
(Roche Diagnostic, Mannheim, Germany) (Figure 1). Thirteen of the 25 (52%) were FFPE
specimens and 12 (48%) were “non-fixed” samples (brushing or biopsy). Eleven of the
25 samples (44%) were from the oropharyngeal region and 14 (56%) from the anogenital
region (Table 1).

Figure 1. Flow chart of the analyzed specimens. NGS: Next generation sequencing; HC II: Hybrid
Capture II.
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Briefly, at least 10 ng of DNA per each PCR reaction were amplified by targeting the
L1 gene using fusion primers that were designed starting from a previously described
method and modified with multiple identifier (MID) nucleotides: MY09/MY11 (amplicon
size: 450 bp) [16] and GP5+/6+ (amplicon size: 150 bp) [34]. Using this system, it is
possible to identify the following HPV types: (i) low risk (LR-HPV): 6, 11, 42, 54, and 61;
(ii) probably high risk (PHR-HPV): 26, 53, 66, 68, 69, 70, 73, and 82; (iii) high risk (HR-HPV):
16, 18, 31, 33, 35, 45, 51, 52, 56, 58, and 59. The following amplicons were used to evaluate
DNA integrity: BRAF Ex15 (199 bp), SOD1 Ex1 (160 bp), and TARDBP Ex5 (486 bp). PCR
reactions were evaluated using 3% agarose gel. Negative samples were analyzed twice.
Positive samples were sequenced to characterize HPV type using a 454 GS-Junior machine,
according to established protocols. Obtained sequences were then blasted using the PaVe
database (https://pave.niaid.nih.gov/ (accessed on 1 January 2020)) to identify the HPV
type (Supplementary Figure S1).

2.4. Hybrid Capture II

Hybrid Capture II (HC II) analysis was performed using the automated HC II test
system (Qiagen, Gaithersburg, MD, USA), according to the manufacturer’s instructions.
The Qiagen test is able to identify 13 different HR-HPV types (16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59 and 68) (www.qiagen.com (accessed on 1 June 2020)). Twenty-five fresh
specimens (S26–S50, Table 1), all from the anogenital region (cervix), were tested by HC II
(Table 1, Figure 1).

Specimens were considered positive for HPV infection when the relative lighting
unit/cutoff (RLU/CO) ratio was ≥1.0 (Supplementary Table S1), according to the manufac-
turer’s instructions.

2.5. VisionArray® HPV Chips

All the 50 specimens analyzed by NGS or HC II were also analyzed using the
VisionArray® HPV Chips (ZytoVision GmbH, Bremerhaven, Germany) assay (Table 1,
Figure 1). Briefly, at least 15 ng of DNA were amplified by PCR, using the CE-IVD
VisionArray® HPV Primer Kit (ZytoVision GmbH, Bremerhaven, Germany) and AmpliTaq
Gold DNA Polymerase (Thermo Fisher Scientific, Waltham, MA, USA). VisionArray® HPV
Primers target to the L1 region of the Human HPV genomes (amplicon length: 139–148
bp) and allow for the identification of the following HPV types: (i) LR-HPV (6, 11, 40, 42,
43, 44, 54, 55, 57, 61, 62, 72, 81CP8304, 83MM7, 84MM8, 90, and 91); (ii) PHR-HPV (26,
34, 53, 66, 67, 68a, 68b, 69, 70, 73, 82IS39, and 82MM4); (iii) HR-HPV (16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, and 59). Primers against the human HLA-DQA1 gene (amplicon
length: 222 bp) were also included as a DNA integrity control. Obtained amplicons were
detected using hybridization between the amplified sequences and the complementary
DNA probe captures on a glass chip. The specific bound biotinylated sequences were
secondarily labeled with a streptavidin–peroxidase conjugate afterward and visualized by
tetramethylbenzidine (TMB) staining. HPV types were analyzed using the VisionArray®

Analyzer Software (ZytoVision GmbH, Bremerhaven, Germany) (Supplementary Figure
S2).

2.6. Statistical Analysis

The intra-techniques agreement was calculated using the weighted Cohen kappa
graded as complete agreement (κ > 0.81), substantial agreement (κ = 0.61–0.80), moderate
agreement (κ = 0.41–0.60), fair agreement (κ = 0.21–0.40), or slight agreement (κ = 0.01–0.20).
Statistical performances were calculated using the VassarStats tool (http://vassarstats.net/
(accessed on 1 December 2020)).

https://pave.niaid.nih.gov/
www.qiagen.com
http://vassarstats.net/
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3. Results

3.1. Next Generation Sequencing and VisionArray® HPV Chips Analysis Comparison

Thirteen of the 25 samples (52.0%) analyzed using NGS were positive for the presence
of the HPV genome, 9 (36.0%) were negative, and 3 (12.0%) were not evaluable due to low
quality DNA (Table 2).

Table 2. Next generation sequencing and VisionArray® HPV Chips analysis comparison.

Sample NGS VisionArray® Site Region

S1 HPV11 HPV11 Anogenital-Anus
S2 Neg Neg Anogenital-Anus
S3 Neg Neg Anogenital-Anus

S4 * NE Neg Oropharyngeal-Lymph node
S5 * NE HPV16+42 Oropharyngeal-Tonsil
S6 * HPV6+66 HPV6+66+61+73+82+90 Anogenital-Cervix
S7 * NE HPV16 Oropharyngeal-Lymph node
S8 HPV16 HPV16 Anogenital-Anus
S9 HPV11 HPV11 Anogenital-Anus
S10 Neg Neg Oropharyngeal-Tonsil
S11 HPV6 HPV6 Anogenital-Anus
S12 Neg Neg Anogenital-Anus
S13 HPV33+54 HPV33+54 Anogenital-Anus
S14 Neg Neg Oropharyngeal-Tonsil
S15 HPV35 HPV35 Oropharyngeal-Tonsil
S16 HPV33 HPV33 Oropharyngeal-Tongue
S17 HPV6 HPV6 Anogenital-Anus
S18 HPV16 HPV16 Oropharyngeal-Tonsil
S19 Neg Neg Anogenital-Anus
S20 Neg Neg Anogenital-Cervix

S21 * Neg HPV40 Anogenital-Anus
S22 * HPV35 HPV35+34 Oropharyngeal-Lymph node
S23 HPV6+91 HPV6+91 Anogenital-Anus
S24 Neg Neg Oropharyngeal-Tongue
S25 HPV35 HPV35 Oropharyngeal-Tonsil

Neg: sample negative for HPV DNA; NE: not evaluable. * discordant results.

Considering only the positive cases, 5 were LR-HPV (38.5%), 7 were HR-HPV (53.8%),
and 1 was PHR-HPV (7.7%). In 3 of the 13 (23.1%) positive cases, a co-infection by two
different HPV types was observed.

The same 25 samples were also analyzed using the VisionArray® HPV kit (Table 2).
Sixteen of the 25 samples (64.0%) analyzed were HPV-positive, 9 (36.0%) were negative.

Considering only the positive cases, 6 were LR-HPV (37.5%), 9 were HR-HPV (56.3%),
and 1 was PHR-HPV (6.2%). In 5 of the 16 (31.2%) positive cases, HPV co-infection
was observed.

3.1.1. Discrepant Results

Comparing NGS to VisionArray®, we observed six cases with discrepant results
(Table 2). Three cases (S4, S5, S7, Table 2) were not evaluable in NGS analysis but using the
VisionArray® assay they showed one as negative, one as positive for co-infection by HPV
types 16 and 42, and one positive for HPV type 16 (Table 2).

One sample (S21, Table 2) was negative if analyzed with NGS, while it was positive
for HPV type 40 using VisionArray®.

One sample (S6, Table 2) was detected as co-infected by HPV types 6 and 66 using
NGS; the co-infection was also detected by VisionArray® analysis, but other than HPV6
and HPV66, 4 different HPV types were also identified (61, 73, 82, 90, Table 2).

Sample S22 (Table 2), diagnosed as positive for HPV type 35 using NGS, was diagnosed
as co-infected with HPV types 34 and 35 using VisionArray®.
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3.1.2. Statistical Measures of Performance

A substantial agreement (κ = 0.702, 95% C.I. 0.44–0.97) between NGS and VisionArray®

was reached, with an accuracy of 0.84, sensitivity equal to 81.0%, and specificity of 100%
(Table 3).

Table 3. Comparison between next generation sequencing and the VisionArray® HPV Chips techniques.

VisionArray® vs.
NGS

Sensitivity Specificity Overall
Accuracy PPV NPV Concordance (Cohen’s κ)

(95% CI)

Positive: HR+PHR+LR 0.81 1.0 0.84 1.0 0.75 0.702
(0.44–0.97)

Positive: HR 0.78 1.0 0.92 1.0 0.89 0.779
(0.55–1.0)

Positive: HR/PHR 0.73 1.0 0.88 1.0 0.82 0.775
(0.56–0.99)

HR/PHR/LR 0.81 1.0 0.84 1.0 0.75 0.818
(0.62–1.0)

Positive HR+PHR+LR: all positive cases are grouped (HR/PHR/LR); Positive HR: only HR cases are considered as positive; Positive:
HR/PHR: HR and PHR positive cases are grouped; HR/PHR/LR: HR, PHR and LR positive cases were considered separately. NGS:
Next generation sequencing; PPV: positive predictive value; NPV: negative predictive value. VisionArray® results were used as the
reference standard.

When only HR-HPV cases were considered as positive, sensitivity, specificity, accuracy,
and Cohen’s k were equal to 0.779 (Table 3). If only HR and PHR cases were evaluated as
positive, Cohen’s κ was 0.775, accuracy was 0.88, sensitivity 73%, and specificity was 100%.
If HR, PHR, and LR cases were considered separately, an optimal concordance (κ = 0.818)
was reached (Table 3).

If only evaluable data were considered, a complete agreement (κ = 0.90, 95% C.I. 0.72–1.0)
between NGS and VisionArray® was reached, with an accuracy of 0.955, sensitivity equal to
92.9%, and the specificity was 100%. Moreover, when only HR-HPV cases were considered as
positive, sensitivity, specificity, accuracy, and Cohen’s k between NGS and VisionArray® were
equal to 1.0 (Table 3).

3.2. Hybrid Capture II High-Risk HPV DNA Analysis and VisionArray® HPV Chips Analysis
Comparison

Using the HC II test, all 25 samples were evaluable. All of them were from anogenital
lesions (Table 1). The HPV genome was detected in 12 of 25 (48.0%) samples, while 13
specimens (52.0%) were negative for the HPV genome (Table 4 and Supplementary Table S1).

The same 25 samples were also analyzed using the VisionArray® HPV kit (Table 3).
The HPV genome was detected in 17 of 25 (68.0%) samples, while 8 specimens (32.0%)
were negative for the HPV genome Considering only the positive cases, 4 of the 17 were
LR-HPV (23.5%), 12 were HR-HPV (70.6%), and 1 was PHR-HPV (5.9%). In 8 of the 16
(50%) positive cases, HPV co-infection was observed (Table 4).
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Table 4. Hybrid Capture II and VisionArray® HPV Chips analysis comparison.

Sample HC VisionArray® Site Region

S26 * Neg HPV42 Anogenital-Cervix
S27 * Neg HPV55 Anogenital-Cervix
S28 * Neg HPV42 Anogenital-Cervix
S29 Neg Neg Anogenital-Cervix

S30 * Neg 16+42 Anogenital-Cervix
S31 * Neg HPV6+11+53 Anogenital-Cervix
S32 Neg Neg Anogenital-Cervix
S33 Neg Neg Anogenital-Cervix
S34 Neg Neg Anogenital-Cervix
S35 Neg Neg Anogenital-Cervix
S36 Neg Neg Anogenital-Cervix
S37 Neg Neg Anogenital-Cervix
S38 Neg Neg Anogenital-Cervix
S39 Pos HPV16 Anogenital-Cervix
S40 Pos HPV35 Anogenital-Cervix
S41 Pos HPV51 Anogenital-Cervix
S42 Pos HPV56 Anogenital-Cervix
S43 Pos HPV56 Anogenital-Cervix
S44 Pos HPV16+39 Anogenital-Cervix
S45 Pos HPV16+52+53 Anogenital-Cervix
S46 Pos HPV16+54+56+66 Anogenital-Cervix
S47 Pos HPV16+61 Anogenital-Cervix
S48 Pos HPV16+18 Anogenital-Cervix

S49 * Pos HPV40+42+44+54 Anogenital-Cervix
S50 Pos HPV6+31 Anogenital-Cervix

HC: Hybrid Capture II analysis; Neg: sample negative for HPV DNA. Pos: sample positive for HPV DNA.
* discordant results.

3.2.1. Discrepant Results

By comparing HC II HPV analysis to VisionArray® we observed six cases with different
results (S26, S27, S28, S30, S31, and S49, Table 4). Five of them were negative according to
the HC II assay, while VisionArray® analysis detected the following HPV types: HPV-42
(S26); HPV-55 (S27); HPV-42 (S28); HPV-16 and HPV-42 (S30); and HPV-6, HPV-11, and
HPV-53 (S31) (Table 4). Sample S49 was positive according to Hybrid Capture II but
showed infection by low-risk HPV typed according to the VisionArray® analysis (Table 4).

3.2.2. Statistical Measures of Performance

A substantial agreement was reached between VisionArray® and HC (κ = 0.606, 95%
C.I. 0.32–0.89). The accuracy was 0.80, the sensitivity 70.6%, and the specificity was 100%
(Table 5). When only high-risk HPV cases were considered as positive, sensitivity, specificity,
and accuracy were 91.7%, 92.3%, 0.92, respectively. The concordance reached a complete
agreement (κ = 0.84). If HR and PHR cases were considered as positive, a substantial
agreement was obtained (κ = 0.760), overall accuracy was 0.88, the sensitivity 85%, and the
specificity was 92% (Table 5).
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Table 5. Comparison between the Hybrid Capture II analysis and VisionArray® HPV Chips techniques.

VisionArray® vs. HC
II

Sensitivity Specificity Overall
Accuracy PPV NPV Concordance (Cohen’s κ)

(95% CI)

Positive HR+PHR+LR 0.71 1.0 0.80 1.0 0.62 0.606
(0.32–0.89)

Positive: HR 0.92 0.92 0.92 0.92 0.92 0.84
(0.63–1.0)

Positive: HR/PHR 0.85 0.92 0.88 0.92 0.85 0.76
(0.51–1.0)

Positive HR+PHR+LR: all positive cases are grouped (HR/PHR/LR); Positive HR: only HR cases are considered as positive; Positive:
HR/PHR: HR and PHR positive cases are grouped; HR/PHR/LR: HR, PHR and LR positive cases were considered separately. NGS: Next
generation sequencing; PPV: positive predictive value; NPV: negative predictive value. HC II results were used as the reference standard.

4. Discussion

HPV infection is a causative agent involved in the development of about 5% of all
human cancers [2–4]. The choice of the appropriate test for the diagnosis of HPV infection
is very important for the prevention and prognosis of carcinomas in the anogenital and
oropharyngeal areas.

In the present study, we analyzed 50 samples from anogenital and oropharyngeal
lesions. Of these 50 samples, 25 were tested using both next generation sequencing and the
VisionArray® HPV Kit and the other 25 were tested with the Hybrid Capture® 2 High-Risk
HPV DNA Test and the VisionArray® HPV Kit.

Three specimens (S4, S5, and S7) were not evaluable with the NGS technique while
with VisionArray® one sample showed negative and two samples positive. This discrep-
ancy could be due to the different length of amplicons sequenced by NGS and those
analyzed using the VisionArray® HPV Kit. All these samples were FFPE specimens with
consequent DNA degradation due to the formalin fixation. The evidence that amplicons of
the VisionArray® HPV Kit are shorter than those analyzed by NGS may be the reason for
the discrepancy because these three samples were evaluable by the VisionArray® HPV Kit
but not by NGS.

One sample (S21) was negative when analyzed with the NGS platform and HPV-
positive (HPV-40) using VisionArray® HPV Kit. The sample S22 was positive for HPV-35
(HR-HPV) using NGS analysis, but it showed as co-infected by both HPV-34 (PHR-HPV)
and HPV-35 when analyzed with the VisionArray® assay. However, it should be considered
that the primers used for NGS analysis were not able to identify HPV-34. In this study, to
detect HPV using a PCR-based NGS assay, degenerate primers were used. These primers
provide an alternative to the use of mixtures of type-specific primers. However, HPV-6,
HPV-16, HPV-18, HPV-31, HPV-33, and HPV-35 provide more preferred templates for the
consensus PCR primers than those of other genotypes [35]. In sample 22, HPV-34 was
found together with HPV-35, leading to no detection of HPV-34 by NGS.

One sample (S6) was detected as co-infected by HPV types 6 and 66 using 454 GS-
Junior; the co-infection was also detected by VisionArray® analysis, but four different HPV
types were identified other than 6 and 66: HPV-61, -73, -82, -90). This discrepancy might be
because HPV-61 (LR), -73 (PHR), and -82 (PHR) sequences were “trimmed” by the NGS
software due to low-quality values, while HPV-90 (LR) is not detectable by the primers
used for NGS analysis. As reported above, HPV-6, HPV-16, HPV-18, HPV-31, HPV-33, and
HPV-35 provide more preferred templates for the consensus PCR primers [35]. In sample 6,
HPV-90 was found together with several other HPV types including HPV-6, and so it is
possible to hypothesize that HPV-90 is not detected by NGS.

Six cases showed different results when HC II and VisionArray assays were compared.
Five of them (S26, S27, S28, S31, and S30) were negative according to the HC II assay,
but VisionArray® identified several HPV types. Samples S26 (HPV-42, LR), S27 (HPV-
55, LR), S28 (HPV-42, LR), and S31 (HPV-53, PHR) were positive for LR- or PHR-HPVs
not detectable by the HC II test. The S30 sample (HPV-16–HR and HPV-42–LR), was
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diagnosed as negative with the HC II method. This HC negative result might be due
to a very low level of infection, and for this reason was evaluated as “negative” using
HC II. The limit of detection of HC II was 5000 HPV copies per test (according to the
manufacturer’s instruction), while it was from 50 to 5000 genome equivalents (GEM)
per test (500,000 GEM for HPV68a) using VisionArray® (according to the manufacturer’s
instruction), and about 100 HPV copies per test using PCR based NGS [31,32]. The sample
S49 was positive according to HC II but showed a low-risk HPV type (HPV40+42+44+54)
according to VisionArray® analysis. The analysis was repeated twice and gave the same
results. Not enough material was available for testing this sample with NGS. It could
be possible that the presence of multiple HPV types in the analyzed sample leads to the
preferential amplification of the HPV types detected by VisionArray® (probably because
they are more abundant), “losing” the HR-HPV type DNA detected by HC II (not designed
for LR-HPV identification).

The VisionArray® methodology presented a substantial concordance if compared with
the NGS technique because both systems identified almost the same HPV types. The
statistical measurement of performance was influenced by four cases: three that were not
evaluable by NGS but positive (2 cases) or negative (1 case) by VisionArray®, and one
that was negative by NGS and positive (HPV40–LR-HPV) by VisionArray®. All the three
not-evaluable cases by NGS were from the FFPE specimens, leading us to hypothesize a
better performance of VisionArray® starting from formalin-fixed specimens. Moreover,
it should be considered that NGS performed worse if lesions presented multiple HPV
infections. This could be because, during the sequences analysis, the obtained sequences
must be blasted using an online database to identify the HPV type; this step could lead
to losing the HPV type that is less represented in the specimen analyzed. In this study,
a target amplicon-based panel was used. The target amplicon panels need a PCR before
the NGS protocol and are typically more sensitive than NGS without a previous PCR.
However, a large not-amplicon-based panel results in a better sensitivity because it could
find mismatches in the sequence of the primers used for PCR amplification [22,25,33]. In
this study, we started from at least 10 ng of purified DNA for NGS analysis and from
15 ng for the VisionArray® (as indicated by the manufacturer’s instructions). Provably,
the use of a single couple of degenerated primers (NGS) instead of a multiplex of primers
(VisionArray®) allows for a slight reduction of the minimum input of needed DNA. It
should be considered that the costs of NGS are highly influenced by the number of samples
that are analyzed in the same NGS run. If only a few samples are analyzed, the cost of an
NGS run is much more expensive than other tests that could be used for HPV typing. In
this case, the use of targeted custom panels would allow for the running of multiple panels
in the same NGS run, optimizing the cost per sample. Finally, the analysis of the results
should be considered: NGS analysis usually requires a bioinformatic pipeline analysis of
the output sequences, which is more challenging than working with the data obtained by
other kits (e.g., those obtained by HC II or VisionArray®—See Supplementary Material).

For oropharyngeal lesions, if on the one hand it is true that according to the guidelines
p16 analysis is a good surrogate for identifying HPV lesions in oropharyngeal carcinomas,
it has also been demonstrated that an alternative method parallel to p16 analysis is recom-
mended in these types of lesions [36]. According to our data, NGS or VisionArray® are
techniques that could be performed together with p16 immunostaining in oropharyngeal
carcinomas. Some studies have found a good correlation between p16 IHC (immunohisto-
chemistry) and NGS HPV analysis [24,37,38], however, further data are needed to deeply
analyze the clinical utility of two-tiered (NGS and p16 IHC) HPV testing processes in
oropharyngeal carcinomas.

A substantial agreement was obtained between the VisionArray® assay and the HC
II assay: It should be considered that the HC II assay is designed to diagnose only HR-
HPV types. When only HR genotypes were investigated, HC II assay performed properly.
According to our data, NGS and VisionArray® assays resulted in a highly sensitive and
specific method to diagnose the presence of HPV DNA both in fresh and FFPE specimens,
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while other assays, such as HC-II, are not applicable with formalin-fixed material. It is also
important to use a method that allows for the detection of HPV co-infection in the analyzed
specimens, as stated by the HPV LabNet International Proficiency Study [39]; in fact, the
underestimation of the prevalence of multiple infections introduces a systematic bias in
epidemiological studies [39]. It should be considered that in a molecular pathology labora-
tory, the most analyzed specimens are from FFPE material from the anatomic pathology
section. For example, HC II assay is enough to detect HR-HPV in anogenital lesions, as
also demonstrated by our data, but this method is not optimized for the analysis of FFPE
material. For this reason, protocols that can obtain robust results from both fresh-frozen and
FFPE samples should be available in a molecular pathology laboratory. The choice of the
more appropriate technique for HPV detection should be guided not only by the analytical
performance, but also by the clinical aims, starting material, costs, and turnaround time.

Supplementary Materials: The following are available online at https://www.mdpi.com/2673-526
1/2/1/4/s1, Figure S1: Example of HPV positive sample (S16 Table 1) after NGS sequencing and
alignment on PaVe database, Figure S2: Example of HPV positive (A, S16 Table 1) and negative (B,
S3 Table 1) specimens obtained by VisionArray®, Table S1: Results of samples analyzed by HC II
and VisionArray.
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