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High-risk human papillomavirus (hrHPV) infection is a cause of cervical cancer development. The
addition of hrHPV testing to cervical cancer screening and monitoring of cervical intraepithelial
neoplasia treatment improves the efficacy of screening and treatment, respectively. Self-sampling for
hrHPV testing seems a promising tool for increasing patient participation in cervical cancer screening.
In this project, 1198 cervical swabs obtained by physicians and 176 cervicovaginal swabs obtained by
self-sampling (not collected in parallel) were analyzed for the presence of 14 hrHPV genotypes using
three commercially available assays in comparison. HPV DNA was detected in 21.2% of all samples (21%
of cervical swabs and 22.7% of cervicovaginal swabs). The cobas 4800 HPV Test was the most sensitive
(0.983) and specific (0.992) for hrHPV detection overall. The PapilloCheck HPV-Screening and LMNX
Genotyping Kit HPV GP had comparable specificity with that of the cobas (0.989 and 0.955, respec-
tively), but lesser sensitivity (0.897 and 0.909, respectively). In physician-obtained cervical swabs, the
cobas showed the highest sensitivity and specificity (0.980 and 0.994, respectively) for hrHPV
detection, whereas in cervicovaginal swabs, the cobas had the highest sensitivity (1.00), but the
PapilloCheck had the highest specificity (0.993). In conclusion, all of the detection methods evaluated
were highly sensitive and specific for hrHPV detection from both clinician-collected cervical swabs
and self-sampled cervicovaginal swabs. (J Mol Diagn 2018, 20: 849e858; https://doi.org/10.1016/
j.jmoldx.2018.07.004)
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Persistent high-risk human papillomavirus (hrHPV)
infection is a cause of cervical cancer and high-grade
cervical intraepithelial neoplasia.1,2 HPV-based cervical
cancer screening is more effective than cytology-based
screening (Papanicolaou test) for preventing invasive
cervical cancer development and cervical cancer mortal-
ity.3 Several European randomized trials have shown that
the cumulative incidence of cervical cancer in groups with
negative HPV tests was lower after 5 years than the
incidence in groups with a normal cytology result after
3 years.4e7
stigative Pathology and the Association for M
Validated HPV tests and HPV tests certified by
Conformité Européenne In Vitro Diagnostics usually target
14 hrHPV genotypes.8 These genotypes were classified by
the International Agency for Research on Cancer as follows:
carcinogenic (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
olecular Pathology. Published by Elsevier Inc. All rights reserved.
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Table 1 Comparison of the Basic Characteristics for Each of the HPV DNA Tests

Assay characteristics Cobas 4800 HPV test PapilloCheck HPV screening LMNX genotyping kit HPV GP

Manufacturer Roche Greiner Bio-One Diassay
Principle of test Multiplex real-time PCR,

fluorimetric detection
PCR, fluorescent labeling,
hybridization on chip

PCR with biotinylated GP5þ/
6 þ primers, RHA

Analyzed gene (size of PCR
product)

L1 (200 bp) E1 (350 bp) L1 (150 bp)

Internal control b-globin ADAT1 Human DNA fragment located on
chromosome 14

Detected genotypes 14 hrHPV (16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59,
66, 68)

18 hrHPV (16, 18, 31, 33, 35,
39, 45, 51, 52, 53, 56, 58,
59, 66, 68, 70, 73, 82) þ 6
lrHPV (6, 11, 40, 42, 43,
44/55)

14 hrHPV (16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59,
66, 68)

Form of results Partial genotyping (HPV16,
HPV18, other HPV)

Full genotyping Full genotyping

Limit of detection*
(HPV16; HPV18)

300e600 copy/mLy; 600
copy/mLy

50 copy/reaction; 300
copy/reaction

10e100 copy/reaction;
10e100 copy/reaction

Volume of DNA input 25 mL 5 mL 10 mL
Automatization (DNA
isolation included)

Yes No No

Turnaround time/
technician time

4 hours/0.5 hours 4.25 hours/1 hour 4 hours/1.25 hours

Cost per sample 7 Euros 11 Euros 29 Euros
Special equipment
required

The cobas x 480 (instrument for
automatized sample
preparation);
cobas z 480 (real-time PCR
analyzer)

PCR cycler; CheckScanner;
CheckReport software

PCR cycler, Luminex 100/200

HPV genotypes detectable by all tested methods are shown in bold.
*Limit of detection was determined by the manufacturer of each assay.
yPer mL of original sample.
ADAT1, adenosine deaminase 1; HPV, human papillomavirus; hrHPV, high-risk HPV; lrHPV, low-risk HPV; RHA, reverse hybridization assay.
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and 59), probably carcinogenic (HPV66), and possibly
carcinogenic (HPV68).1

Many HPV detection tests are commercially available
and typically detect clusters of hrHPV genotypes or pro-
vide partial genotyping. Only a few tests provide full
genotype-specific information.8 Partial genotyping for
HPV16 and HPV18 could be beneficial because these
genotypes pose a greater risk of causing cervical cancer
than the other hrHPV genotypes.9,10 Genotyping hrHPVs
other than HPV16 and HPV18 is valuable for the identi-
fication of type-specific persistent infection, follow-up
evaluation of women who screen positive, and an indica-
tion of residual or recurrent disease in women treated for
high-grade cervical lesions.11,12

Three Conformité Européenne In Vitro Diagnosticse
certified methods were compared in this study: the cobas
4800 HPV Test (Roche Diagnostics, Mannheim, Germany;
referred to as the cobas 4800), the PapilloCheck
HPV-Screening (Greiner Bio-One, Frickenhausen, Ger-
many; referred to as PapilloCheck), and the LMNX Geno-
typing Kit HPV GP (Diassay, Rijswijk, the Netherlands;
referred to as LMNX). The cobas 480013,14 and Papil-
loCheck15 were fully validated according to the Meijer
850
protocol.16 The Meijer protocol was assembled by an expert
committee in 2009 and proposes that new hrHPV DNA
detection methods should be highly reproducible (sensi-
tivity, �0.90; specificity, �0.98) to detect high-grade
cervical intraepithelial neoplasia (CIN2/3) or cancer.16

Hybrid Capture 2 (HC2; Qiagen, Hilden, Germany) and
the GP5þ/6þ PCR enzyme immunoassay were used as
standard comparator assays and are considered fully clini-
cally and epidemiologically validated.16 LMNX fulfills the
criteria for clinical accuracy based on comparisons with
standard comparator assays; however, no publication exists
showing its reproducibility according to the Meijer protocol.
Thus, the LMNX assay may be considered partially vali-
dated according to the Meijer protocol.17

Self-sampling seems a promising method for improving
patient participation in cervical cancer screening.18,19 Thus,
we tested the performance of selected diagnostic systems as
well for women self-collected samples, even if the paired
self-collected and physician-collected samples were not
available.
The aim of this study was to directly compare the

detection of HPV16, 18, and a pool of 12 other hrHPV
genotypes using the cobas 4800, PapilloCheck, and LMNX.
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Figure 1 A and B: Venn diagrams showing the distribution of positive detection of human papillomavirus (HPV)16, HPV18, and the other 12 high-risk HPV
(hrHPV) genotypes (HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) in cervical (A) and cervicovaginal (B) swabs.

Analytical Comparison of HPV Assays
Materials and Methods

Ethical Considerations

This study was performed in compliance with the Helsinki
Declaration according to the study ethics proposal approved
by the Ethics Committee of the Faculty of Medicine and
Dentistry at Palacky University and the Faculty Hospital in
Olomouc. Written informed consent for the use of collected
samples for research was obtained from all study participants.

Clinical Specimen Collection

For this study, 1374 samples were collected from February
2013 to August 2015 from Czech women ages 17 to 72
years (median age, 33.7 years), regardless of histopathology
or cytomorphology findings. Physicians collected 1198
cervical swabs for this study in cervical screening centers
(302 cases) or in vitro fertilization clinics (896 cases). After
sampling, each cervical brush was rinsed in cobas PCR Cell
Collection Media (Roche Diagnostics). All samples were
stored and transported at room temperature.

A total of 176 cervicovaginal swabs were obtained by self-
sampling using the Evalyn Brush device (Rovers Medical
Table 2 Summary of HPV Positivity Rates in Overall, Cervical, and Cer

All samples % Cervi

Total number 1372 1196
HPV negative 1081 78.8* 945
HPV positive 291 21.2* 251
HPV16 63 21.6y 56
HPV16 and 18 1 0.34y 0
HPV16, 18, and other HPV 1 0.34y 1
HPV16 and other HPV 26 8.93y 22
HPV18 8 2.75y 8
HPV18 and other HPV 2 0.69y 2
Other HPV 190 65.3y 162

*Percentage from a total number of samples.
yPercentage from a number of HPV-positive samples.
HPV, human papillomavirus.
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Devices B.V., Oss, the Netherlands) via a cervical cancer
prevention program organized by the Cancer Research Czech
Republic (http://www.vyzkumrakoviny.cz/lets-combat-cancer-
together, last accessed May 9, 2018). After sampling, each
specimen was sealed in its original dry state inside its case
with a cap and sent by mail for HPV testing. Each Evalyn
Brush received was rinsed in cobas PCR Cell Collection
Media. The median time between sampling and sample receipt
was 3 days. All samples were stored at room temperature.
Cervical and cervicovaginal swabswere not collected inparallel.

Sample Preparation

All samples were collected in cobas PCR Cell Collection
media, which is recommended for the cobas 4800 HPV Test.
PreservCyt transport medium (Hologic, Inc., Marlborough,
MA) is recommended for PapilloCheck HPV-Screening and
the LMNX Genotyping Kit HPV GP. Because the chemical
composition of the PreservCyt and the cobas PCR Cell
Collection media is not available from manufacturers and
thus not comparable, we have performed extensive chemical
analysis to compare both preservation medias. Of interest,
both compositions are based on 55.4% or 57.5% buffered
methanol without further significant differences as evidenced
vicovaginal Swabs

cal swabs % Cervicovaginal swabs %

176
79.0* 136 77.3*
21.0* 40 22.7*
22.3y 7 17.5y

0 1 2.50y

0.40y 0 0
8.76y 4 10.0y

3.19y 0 0
0.80y 0 0
64.5y 28 70.0y
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Figure 2 Comparison of method-specific human papilloma virus (HPV)-
positive rates with consensus results. The dashed lines represent the HPV-
positive detection rate values of consensus results in 1372 cervical
(n Z 1196) and cervicovaginal (n Z 176) samples analyzed by the cobas
4800 and PapilloCheck. Because only part of the sample collection was
examined by the LMNX method, the asterisks mark the HPV-positive
detection rate values of consensus results in 330 (238 cervical and 92
cervicovaginal) samples analyzed by the cobas 4800, PapilloCheck, and the
LMNX in parallel. The consensus HPV result for a given sample was obtained
when at least two methods were concordant.
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by elementary analysis and nuclear magnetic spectroscopy
(Supplemental Table S1; Supplemental Figure S1).

DNAwas extracted from all of the samples using the cobas
x 480 for use with all three HPV detection methods, although
the PapilloCheck HPV-Screening and the LMNX Genotyp-
ing Kit HPV GP recommend using different DNA extraction
methods. The oCheck DNA extraction kit (Greiner Bio-One)
is recommended for PapilloCheck and the QIAamp DNA
Micro kit (Qiagen, Hilden, Germany) for LMNX. For this
reason, the validation of the cobas x 480 DNA extraction for
these two HPV detection assays was performed according to
International Organization for Standardization ISO 15189.
For this validation study, a set of 193 cervical swabs
(collected during 2012) was selected and tested by the cobas
4800. The results from using the cobas x 480 DNA extraction
were compared with those using the oCheck DNA extraction
kit on 49 HPV-positive and 50 HPV-negative cervical swabs
and compared with those using the QIAamp DNA Micro kit
on 46 HPV-positive and 48 HPV-negative cervical swabs
(Supplemental Table S2).

HPV DNA Detection

All samples were tested for HPV DNA using the cobas
4800 HPV Test according to the manufacturer’s recommenda-
tions (Table 1). PapilloCheck was used to test all samples ac-
cording to themanufacturer’s instructions, except for the nucleic
acid preparation. LMNXwas used for parallel testing of the first
337 samples according to the manufacturer’s instructions,
except for the nucleic acid preparation. Unfortunately, the
concentration andquality (asmeasuredbya260/280 ratio) of the
DNA isolated using the cobas x 480 (HPV Detection Failures)
was lower than that obtained using the QIAamp DNA Micro
kit and contributed to an unacceptable failure rate of both
the PapilloCheck and LMNX assays. DNA extraction using
852
the recommended methods reduced the failure rate from
0.44% to 0% and from 11.1% to 1.59%, respectively. Because
of this, the LMNX assay was used only for result confirmation
in the remaining 42 samples, in which the results from cobas
4800 and PapilloCheck were not concordant (Supplemental
Table S3).
Although each detection method tests a slightly different

spectrum of genotypes, only 14 high-risk HPV types
detected by all three methods were analyzed for comparison:
HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and
68. HPV16 and HPV18 results were analyzed individually,
and the remaining 12 high-risk HPV types were pooled for
analysis. Of the 1374 samples collected, 1 produced
inconclusive results and 1 failed in all tested assays, most
probably because of inappropriate sample collection. These
two samples were excluded from our study. In total, 1372
cervical and cervicovaginal samples were analyzed. The
consensus HPV result for a given sample was obtained
when at least two detection methods were in agreement.
Analyses of samples deemed invalid by PapilloCheck

(6 cases) or LMNX (42 cases) were repeated after DNA
extraction according to the assay manufacturer’s recom-
mendations to clarify the role of the DNA extraction method
in assay robustness. DNA concentration was measured
using the fluorescence-based Qubit dsDNA HS Assay Kit
(Thermo Fisher Scientific, Waltham, MA).

Statistical Analysis

The statistical software R version 3.2.1 (R Core Team, R
Foundation for Statistical Computing, http://www.r-project.
org, last accessed February 26, 2018) was used for data
evaluation. Measures of agreement, such as sensitivity,
specificity, and Cohen’s k coefficients with 95% CIs, were
calculated for each method and compared with the HPV
consensus result using functions from the epibasix R
package, version 1.3. The McNemar test was used to
evaluate the symmetry of positive results. HPV consensus
results (concordance of at least two methods) were
considered the gold standard for sensitivity, specificity, and
k coefficient calculations. The sensitivity, specificity,
Cohen’s k coefficient, and concordance of results obtained
by the LMNX assay were calculated only for 337 samples
tested in parallel with the cobas 4800 and PapilloCheck.
Concordance between the results of the HPV detection
methods was analyzed only when both methods being
compared produced valid results. In a validation study, the
cobas 4800 was considered the gold standard for sensitivity,
specificity, and accuracy assessment (Supplemental Table S2).

Results

HPV Positivity Rates

Three HPV DNA detection methods, the cobas 4800 HPV
Test, PapilloCheck HPV-Screening, and the LMNX
jmd.amjpathol.org - The Journal of Molecular Diagnostics

http://www.r-project.org
http://www.r-project.org
http://jmd.amjpathol.org


Table 3 Pairwise Concordance between HPV DNA Detection Methods and Consensus Results

cobas 4800 PapilloCheck LMNX Consensus HPV result

HPVþ HPV� HPVþ HPV� HPVþ HPV� HPVþ HPV�
cobas 4800
HPVþ 0.876 (0.844 to 0.907)* 0.767 (0.681e0.852)* 0.970 (0.954e0.985)*
HPV� 0.005y 0.860y 0.423y

PapilloCheck
HPVþ 256 17 0.705 (0.609e0.802)* 0.906 (0.878e0.934)*
HPV� 39 1060 0.031y 0.009y

LMNX
HPVþ 58 14 50 22 0.835 (0.762e0.909)*
HPV� 12 246 9 249 0.239y

Consensus HPV result
HPVþ 286 5 261 30 60 6
HPV� 9 1072 12 1069 12 252

Only samples with valid results from each method were included in the analyses. Every intersection of method row and method column corresponds to a
2 � 2 contingency table for those two methods.
*k (95% CI) concordance metrics.
yP value was calculated using the McNemar test.
HPV, human papillomavirus.

Analytical Comparison of HPV Assays
Genotyping Kit HPV GP, were used to identify HPV
infection in cervical and cervicovaginal samples. In total,
1196 of 1198 cervical samples and all 176 cervicovaginal
samples were included in the study. For one cervical spec-
imen, all three methods showed an invalid result (low DNA
content); the other cervical specimen had an inconclusive
result, probably owing to hemorrhage. These two samples
were not analyzed further (Supplemental Table S3).

HPV DNA was detected in 291 of 1372 samples (21.2%)
(Figure 1, Table 2). HPV16 alone was identified positively
in 63 of the 291 samples (21.6%). HPV16 co-infection with
other HPVs was found in 26 cases (8.93%). One (0.34%) of
the 291 samples showed co-infection with HPV16 and
HPV18, and co-infection with HPV16, HPV18, and the
other HPVs was found in 1 case also. HPV18 alone was
detected positively in 8 of the 291 samples (2.75%),
whereas co-infection with HPV18 and the other HPVs was
detected in 2 samples (0.69%). The other 12 HPV types
were found in the majority of positive cases (190 of 291;
65.3%).

Age information was available for 94.5% (1297 of 1372)
of the women in the study. Of these, 10.6% (137 of 1297)
were younger than age 25 years, and 1.3% (17 of 1297)
were older than age 60 years. The median age of all women
examined was 32.7 years. A majority of the women (88.1%)
were within the recommended age range for cytologic
screening (age range, 25 to 60 years).20 HPV-positive
women were significantly younger than HPV-negative
women (median age, 30.6 versus 33.2 years; P < 0.001).
This association of positive HPV detection with younger
age was observed both in women sampled by physicians
(median age, 30.1 versus 32.7 years; P < 0.001), as well as
in self-sampled women (median age, 34.3 versus 38.0 years;
P Z 0.012).
The Journal of Molecular Diagnostics - jmd.amjpathol.org
Comparison of HPV Positivity Rates in Cervical and
Cervicovaginal Swabs

Twenty-one percent of cervical samples (251 of 1196)
collected by physicians were HPV positive. Similarly,
22.7% (40 of 176) of cervicovaginal self-samples were HPV
positive. The distribution of HPV-positive results between
cervical and cervicovaginal swabs was comparable within
individual HPV subgroups (Figure 1, Table 2).
Comparison of HPV Results from the cobas 4800 HPV
Test, PapilloCheck HPV-Screening, and LMNX
Genotyping Kit HPV GP Methods

HPV was detected in 295 of 1372 samples (21.5%) using
the cobas 4800, and in 273 of 1372 samples (19.9%) using
PapilloCheck (Figure 2). LMNX produced valid results in
330 of 337 samples tested. Of the 330 samples with valid
results, 72 (21.8%) were HPV positive.

Irrespective of HPV genotype, the three HPV detection
assays used produced concordant results in 291 of 330 cases
(88.2%). Genotyping results of all three methods coincided
in 288 (87.3%) cases. The cobas 4800 HPV detection results
were concordant with PapilloCheck results in 95.9% (1316
of 1372) of samples, and genotyping results were concor-
dant between the two methods in 95.3% (1307 of 1372) of
cases. The cobas 4800 and LMNX methods produced
concordant HPV identification results in 92.1% (304 of 330)
of cases, and concordant genotyping results in 90.6% (299
of 330) of cases.

The lowest concordance was observed between the Pap-
illoCheck and LMNX methods: 90.6% (299 of 330)
concordant for HPV detection and 90.0% (297 of 330)
853
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Table 4 Sensitivity, Specificity, and Cohen’s k Coefficient of the Different Methods Calculated Using Consensus HPV Status (Defined by
Concordance of at Least Two Methods) as a Reference

HPV type Method

All samples Cervical swabs

N SE SP k (95% CI) P value* N SE

hrHPV cobas 4800 1372 0.983 0.992 0.970 (0.954e0.985) 0.423 1196 0.98
PapilloCheck 1372 0.897 0.989 0.906 (0.878e0.934) 0.009 1196 0.904
LMNX 330 0.909 0.955 0.835 (0.762e0.909) 0.239 238 0.886

HPV16 cobas 4800 1372 0.989 0.995 0.954 (0.923e0.986) 0.077 1196 0.987
PapilloCheck 1372 0.956 1 0.976 (0.952e0.999) 0.134 1196 0.949
LMNX 330 0.950 0.990 0.898 (0.800e0.997) 0.617 238 0.923

HPV18 cobas 4800 1372 1 0.997 0.856 (0.716e0.995) 0.134 1196 1.000
PapilloCheck 1372 0.667 1 0.799 (0.606e0.992) 0.134 1196 0.636
LMNX 330 0.500 0.991 0.328 (�0.161 to 0.817) 0.617 238 1.000

Other HPV cobas 4800 1372 0.977 0.994 0.968 (0.949e0.986) 0.773 1196 0.973
PapilloCheck 1372 0.886 0.989 0.894 (0.861e0.927) 0.074 1196 0.898
LMNX 330 0.902 0.975 0.863 (0.787e0.939) 0.773 238 0.882

(table continues)

Other HPV includes HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68 genotypes.
*The P value was calculated using the McNemar test.
HPV, human papillomavirus; hrHPV, high-risk human papillomavirus; k, Cohen’s k coefficient; NA, not available; SE, sensitivity; SP, specificity.

Jaworek et al
concordant for HPV genotyping (Table 3, Supplemental
Table S3).

Sensitivity and Specificity of Detection Methods Tested
in Comparison with Consensus Result

Overall, the cobas 4800 had the highest sensitivity (0.983)
and specificity (0.992) of the three detection methods
evaluated. The LMNX had lower sensitivity (0.909) and
comparable specificity (0.955). Similarly, PapilloCheck had
comparable specificity (0.989), but lesser sensitivity (0.897)
(Table 4). PapilloCheck showed higher false negativity
compared with the cobas 4800 and LMNX (2.33% versus
0.44% and 2.12%, respectively), whereas higher false pos-
itivity was observed in the LMNX (3.94% versus 1.31% for
cobas 4800 and 0.95% for PapilloCheck) (Supplemental
Table S3).

In addition, all tests showed comparably high specificity
for HPV16 (0.995 to 1.0), HPV18 (0.991 to 1.0), and the
other 12 hrHPV (0.975 to 0.994) genotype detection.

Comparison of Sensitivity and Specificity in Cervical
Versus Cervicovaginal Swabs

In cervical swabs, the cobas 4800 showed the highest
sensitivity (0.980) and specificity (0.994) for hrHPV
detection. Similarly, in cervicovaginal swabs, the cobas
4800 was the most sensitive (1.0); however, PapilloCheck
was the most specific (0.993) (Table 4).

The cobas 4800 was similarly sensitive and specific for
both cervical and cervicovaginal swabs tested for HPV16
(sensitivity, 0.987 versus 1.0; specificity, 0.997 versus
0.976), HPV18 (sensitivity, 1.0 versus 1.0; specificity, 0.997
versus 0.994), and for the other 12 hrHPV genotypes
854
(sensitivity, 0.973 versus 1.0; specificity, 0.994 versus
0.993). PapilloCheck showed comparable specificity for
cervical and cervicovaginal swabs tested for HPV16
(specificity, 1.0 versus 1.0), HPV18 (specificity, 1.0 versus
1.0), and the other hrHPV genotypes (specificity, 0.988
versus 0.993), but was less sensitive to HPV16 and HPV18
in cervical swabs than in cervicovaginal swabs (sensitivity,
0.949 versus 1.0; sensitivity, 0.636 versus 1.0, respectively).
In contrast, PapilloCheck showed greater sensitivity to the
other 12 hrHPV genotypes in cervical swabs than in cervi-
covaginal swabs (sensitivity, 0.898 versus 0.813).
The LMNX showed comparable specificity for HPV16

(0.991 versus 0.988) and HPV18 (0.987 versus 1.0) in cer-
vical and cervicovaginal swabs, but lesser sensitivity to
HPV16 in cervical swabs than in cervicovaginal swabs (0.923
versus 1.0). In contrast to the absolute sensitivity of LMNX to
HPV18 in cervical swabs, LMNX had zero sensitivity to
HPV18 in cervicovaginal swabs because of the false-negative
result of only one HPV18-positive case. The LMNX showed
comparable sensitivity (0.95 versus 0.926) but higher speci-
ficity (1.0 versus 0.968) for the other hrHPV genotypes in
cervicovaginal swabs than in cervical swabs (Table 4).

HPV Detection Failures

One or more of the HPV DNA detection methods repeatedly
failed to detect HPV DNA in 50 of 1374 samples (3.64%).
DNA isolated using the cobas x 480 showed lower con-
centration and purity compared with DNA isolated by the
QIAamp DNA Micro kit and oCheck DNA extraction kit. In
the invalid samples, DNA therefore was re-extracted ac-
cording to the assay manufacturer’s recommendations and
the detection method was repeated. Two samples were
excluded because of poor quality (see the Materials and
jmd.amjpathol.org - The Journal of Molecular Diagnostics
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Table 4 (continued)

Cervical swabs Cervicovaginal swabs

SP k (95% CI) P value* N SE SP k (95% CI) P value*

0.994 0.972 (0.956e0.989) 1.000 176 1.000 0.978 0.953 (0.900e1.0060) 0.248
0.988 0.91 (0.881e0.939) 0.043 176 0.85 0.993 0.882 (0.796e0.967) 0.131
0.943 0.788 (0.689e0.887) 0.211 92 0.955 0.986 0.940 (0.858e1.022) 1.000
0.997 0.973 (0.947e0.999) 0.617 176 1.000 0.976 0.845 (0.697e0.993) 0.134
1.000 0.972 (0.945e0.999) 0.134 176 1.000 1.000 1.000 (�1.100) NA
0.991 0.882 (0.751e1.01) 1.000 92 1.000 0.988 0.927 (0.786e1.069) 1.000
0.997 0.879 (0.743e1.015) 0.248 176 1.000 0.994 0.664 (0.046e1.283) 1.000
1.000 0.776 (0.563e0.990) 0.134 176 1.000 1.000 1.000 (�1.10) NA
0.987 0.396 (�0.147 to 0.939) 0.248 92 0 1.000 0 (�0.203 to 0.203) 1.000
0.994 0.965 (0.945e0.986) 1.000 176 1.000 0.993 0.981 (0.944e1.018) 1.000
0.988 0.900 (0.866e0.935) 0.281 176 0.813 0.993 0.858 (0.755e0.960) 0.131
0.966 0.818 (0.714e0.922) 0.546 92 0.941 1.000 0.963 (0.891e1.035) 1.000

Analytical Comparison of HPV Assays
Methods section). After repeated testing of 6 of 1372
(0.44%) samples in which the PapilloCheck assay failed, 1
sample was found to be “other HPV positive” and 5 samples
had HPV-negative results. Of the 42 of 377 cases (11.1%)
initially determined invalid by the LMNX assay, 1 was
found HPV16 positive, 4 had the “other HPV positive”
result, 31 were HPV negative, and 6 remained invalid after
repeated testing. The median DNA concentration of the
LMNX-invalid samples was 0.222 mg/mL (0.0608 to 0.504
mg/mL) compared with 11.61 mg/mL (6.42 to 125 mg/mL) in
40 randomly selected LMNX-valid samples. The DNA
concentration of LMNX-invalid samples was significantly
lower (P < 0.001) compared with other tested samples, even
after using the recommended isolation method
(Supplemental Table S4).

Finally, the cobas 4800 and PapilloCheck assays did not
fail to detect HPV in any sample included in the analysis
whereas the LMNX assay failed in 1.59% of samples (6 of
377; P < 0.001), even though the analysis was repeated
with the recommended DNA extraction method
(Supplemental Table S4).
Discussion

This study compared the performance of three Conformité
Européenne In Vitro Diagnostics hrHPV detection methods:
the cobas 4800 HPV Test, PapilloCheck HPV-Screening,
and the LMNX Genotyping Kit HPV GP in 94 cervicova-
ginal self-samples and 243 cervical clinician-collected
samples and the cobas 4800 HPV Test and PapilloCheck
HPV-Screening in 176 cervicovaginal self-samples and
1198 cervical clinician-collected samples.

Of the three assays evaluated, the cobas 4800 was the
most sensitive and specific for detecting the 14 hrHPV ge-
notypes overall, and in particular from the cervical swabs. In
the cervicovaginal swabs, the cobas 4800 was the most
The Journal of Molecular Diagnostics - jmd.amjpathol.org
sensitive, but PapilloCheck was the most specific. The
sensitivity and specificity of the LMNX method may have
been influenced by the lower number of samples tested
using this method compared with the other two methods.
The sensitivity and specificity of the cobas 4800 and Pap-
illoCheck was calculated from 1372 cervical/cervicovaginal
samples including 42 samples with discordant cobas 4800
and PapilloCheck results verified by the LMNX. The
sensitivity and specificity of the cobas 4800 and Papil-
loCheck therefore could be slightly affected by the bias.
Clinical validation of all methods tested was confirmed in
several studies.13e15,17 The Cobas 4800 and PapilloCheck
yielded concordant results, with consensus in more than
97% of samples, and the LMNX aligned with the consensus
results in 94.5% of samples (Table 3).

Few publications exist on the analytical sensitivity and
specificity of the cobas 4800, PapilloCheck, and the LMNX
for patient specimens, in contrast with the high number of
clinical validation studies mentioned in the previous para-
graph.21e25 Only two studies23,25 comparing the analytical
sensitivity and specificity of the cobas 4800 with a
consensus HPV result (a true positive/negative result) have
been published. No study comparing the analytical sensi-
tivity and specificity of PapilloCheck or the LMNX with a
consensus HPV result has been published to our best
knowledge.

Lindemann et al25 performed an analytical comparison of
the cobas 4800 and the HC2. In a set of 1360 cervical
samples, the cobas 4800 was comparable with the HC2,
with concordance of both methods in 86.6% of samples.
However, only 82.4% (140 of 170) of the inconclusive re-
sults from the cobas 4800 and the HC2 were analyzed by the
Linear Array HPV Genotyping test.25 Park et al23 published
the only study (n Z 356) comparing the analytical sensi-
tivity and specificity of the cobas 4800, RealTime HR HPV
assay, and the HC2 with consensus HPV results. Samples
with discrepant results were analyzed both by sequencing
855
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and by the GeneFinder HPV liquid beads microarray
(Innomeditech Inc., Seoul, South Korea). Compared with
the findings of Park et al23, it was found that the cobas 4800
showed a higher sensitivity for the 14 hrHPV genotypes
(0.98 versus 0.917), and for HPV16 individually (0.987
versus 0.885). HPV18 sensitivity (1 versus 1) and specificity
for the 14 hrHPV genotypes (0.994 versus 0.97), HPV16
(0.997 versus 0.991), and HPV18 (0.997 versus 0.994) were
comparable.

PapilloCheck and the LMNX were compared in the
VALidation of HPV GENotyping Tests study, but these
assays were not compared with the gold standard. The
concordance of PapilloCheck with the LMNX was 0.947
(k Z 0.875) for all 14 hrHPV genotypes, 0.99 (k Z 0.936)
for HPV16, and 0.99 (k Z 0.801) for HPV18.24 This study
showed a concordance of PapilloCheck with the LMNX of
only 0.906 (k Z 0.705) for all 14 hrHPVs, 0.991
(k Z 0.898) for HPV 16, and 0.988 (k Z �0.005) for
HPV18. Several false-positive/false-negative results were
probably a reflection of different analytical sensitivities
(limits of detection) of each assay. The highest limit of
detection of almost all tested genotypes was indicated by the
manufacturer in PapilloCheck, which showed the highest
number of false-negative samples. The highest number of
false-positive results was produced by the LMNX assay,
which described the lowest limit of detection.

The accuracy of HPV detection and genotyping in all
laboratories using the cobas 4800 and PapilloCheck has
been proved by the HPV Laboratory Network’s interna-
tional proficiency study. No laboratory using LMNX
participated in that study.26

The main disadvantage of the LMNX was its high detec-
tion failure rate (42 of 377; 11.1%; P < 0.001) when using
DNA extracted using the cobas x 480. As performed in other
studies, the DNA extraction method was unified to reduce
cost, use limited sample quantity, and reduce technician
hands-on time requirements.23 However, DNA quantity and
quality were an issue with the cobas x 480 and required
validation of the other recommended DNA extraction
methods. DNA extracted using the cobas x 480 was of suf-
ficiently good quality in almost all cases for the internal
control to be amplified by the cobas 4800 and by the Pap-
illoCheck assays. The concentration and purity of the DNA
isolated by the cobas x 480, however, was lower compared
with the DNA isolated by the QIAamp DNA Micro kit and
likely contributed to the failure rates of the PapilloCheck and
the LMNX assays because the detection rates improved from
0.44% to 0% and from 11.1% to 1.59%, respectively, when
the recommended DNA extraction methods were used.
Despite the use of the recommended isolation method, a
significantly lower DNA concentration was measured in the
remaining six LMNX-invalid samples (0.222 mg/mL
compared with 11.61 mg/mL in the LMNX-valid samples).
This clearly shows that the LMNX has higher demands for
DNA content compared with the cobas 4800 and Papil-
loCheck. Nevertheless, using two different DNA extraction
856
methods for HPV detection and genotyping is extremely
inconvenient in clinical practice.
hrHPV infection was observed in 21.2% of samples, with

the highest prevalence of hrHPV-positive results found in
the 26- to 30-yeareold age category. These observations
correspond with another study performed on the Czech
population. Tachezy et al27 showed a 22.3% (310 of 1393)
prevalence of hrHPV infection using a PCR-based HPV
detection method but, in their study, hrHPV infection was
most prevalent in the 21- to 25-yeareold age group.
The worldwide HPV prevalence in women with normal

cytologic findings ranged from 10.4% to 12%, and preva-
lence varied between continents and regions.28e30 Overall,
the HPV prevalence in Europe was 8.1% to 14.2%,28e30

with the highest prevalence (21.4%) in Eastern
Europe.29,30 The high prevalence of HPV in the Czech
Republic is comparable with that in the Eastern European
countries, and has been confirmed by our data. HPV16 and
HPV18 are the most common HPV genotypes in the Czech
Republic and also worldwide. The HPV16 and HPV18
genotypes have a frequency of 20.4% to 24% and 7.4% to
9.8% respectively, worldwide, and a frequency of 24.2% to
55% and 7.7% to 10.3%, respectively, in the Czech Re-
public.27,31 Similarly, HPV16 was the most frequent geno-
type in this study, reflected in the finding that 31.3% of
HPV-positive samples were HPV16 positive. On the other
hand, HPV18 was detected in only 4.12% cases.
Although parallel cervical and cervicovaginal samples

were not compared, the frequency of hrHPV-positive sam-
ples was comparable for both clinician-collected samples
and self-samples, with a difference of only 1.7%. Similarly,
the distribution of HPV-positive samples between cervical
and cervicovaginal swabs was comparable within individual
HPV subgroups.
This finding was consistent with the results of several

large meta-analyses.18,32,33 Petignat et al33 reported a com-
parable average frequency of hrHPV-positive samples be-
tween self-sample and physician-collected sample groups
(24.1% versus 24.8%), with a difference ranging between
0.3% and 22.2% (median, 4.9%). These differences could
have been caused by the use of different types of self-
sampling devices, which affects the sensitivity and speci-
ficity of the examination. The PCR-based HPV testing of
self-samples collected by brush or lavage has reached the
highest relative sensitivity and specificity.32 In this study,
the analytical sensitivity and specificity of all detection
methods evaluated also were comparable for self- and
clinician-sampling. Only the sensitivity of the PapilloCheck
assay was 5.4% higher for cervical swabs than for cervi-
covaginal swabs (P Z 0.441). The marginal differences
between the sensitivity (1.7% to 5.4%) and specificity
values (0.5% to 4.0%) of HPV detection methods analyzed
using self- and clinician-samples could be caused by the
varied sizes of the sample groups analyzed.
In conclusion, this study showed a high concordance

between all tested methods. The concordance was the
jmd.amjpathol.org - The Journal of Molecular Diagnostics
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highest between the cobas 4800 HPV Test and the Papil-
loCheck HPV-Screening assay, and the lowest between the
PapilloCheck HPV-Screening assay and the LMNX Geno-
typing Kit HPV GP. The analytical parameters of all
methods tested were comparable; however, the cobas 4800
HPV Test showed the highest analytical sensitivity and
specificity. The LMNX Genotyping Kit HPV GP showed
the highest detection failure rate and the highest demands
for DNA content, which may be limiting in clinical practice.
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