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s u m m a r y

Background: Based on epidemiologic studies, 18 mucosal human papillomavirus (HPV) types have

been classified as (probably) high-risk (HR) (i.e., HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56,

58, 59, 66, 68, 73, and 82). Recognition of HRHPV at the individual type level may be valuable in

clinical management of HRHPV-positive women.

Objectives: The goal of this study was to evaluate the performance of the novel digene HPV

Genotyping RH Test (digene RH Test), which uses type-specific probes for the 18 HRHPV genotypes,

in comparison to the established in-house Reverse Line Blot (RLB) genotyping assay on PCR products

generated with the clinically validated GP5+/6+-PCR method.

Study design: GP5+/6+ amplimers, generated from 493 digene High Risk HPV HC2 DNA Test (HC2)-

positive and 95 HC2-negative cervical smears, were genotyped by both the digene RH Test and the

RLB assay.

Results: Both genotyping assays demonstrated high concordance for overall HRHPV detection

(ú =0.886) and type-specific identification of the 18 HR types (overall ú =0.951, individual ú range

0.777 to 1.000) in 493 HC2-positive samples. The digene RH Test revealed positivity for one or more

HRHPV type(s) in 86.6% of the HC2-positive women, and negativity was confirmed in 97.9% of the

HC2-negative women.

Conclusions: The digene HPV Genotyping RH Test revealed a high genotyping agreement with the

established RLB assay on GP5+/6+ amplimers. Accordingly, this assay following GP5+/6+-PCR could

serve as a follow-up test in a clinical setting for women who are HC2-positive to identify the

respective HRHPV genotype(s).

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Epidemiologic studies have revealed that 18 mucosal human

papillomavirus (HPV) types are associated with cervical cancer and

have therefore been classified as (probably) high-risk (HR), i.e.,

HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73,

and 82.1 Testing for HRHPVDNA has been advocated as a primary

cervical screening tool, due to its higher sensitivity for detection

of clinically relevant precursors of cervical cancer compared to

cytology.2

Based on data from large screening trials two HPV tests

can currently be considered as clinically validated for primary

screening.3 One is the FDA-approved, commercially available digene

Hybrid Capture 2 High-Risk HPVDNA Test (HC2) (QIAGEN, Gaithers-

burg, USA), which uses chemiluminescent signal amplification

of hybridized target DNA for the simultaneous detection of 13

HR types. The other is the in-house HRHPV GP5+/6+-PCR-EIA

system,4 in which amplimers are detected using a probe cocktail

for 14 HR types. For genotyping, GP5+/6+-PCR products can

1590-8658 /$ – see front matter © 2009 Elsevier B.V. All rights reserved. 55

High genotyping concordance between digene RH Test and RLB



209130-L-bw-Geraets209130-L-bw-Geraets209130-L-bw-Geraets209130-L-bw-Geraets

subsequently be subjected to the Reverse Line Blot (RLB) assay.4

Recently, the Cervista HPV HR (detection of 14 HR types) and

Cervista HPV16/18 (genotyping of HPV16 and 18) tests also received

FDA approval.

Given the fact that certain HRHPV types, particularly HPV16

and 18, confer an increased risk of cervical (pre)cancer,5,6 presence

of these types might be an indication for more aggressive clinical

management. Genotyping also allows monitoring the persistence

of an HR HPV infection,7 which is linked to the risk of developing

(pre)cancer.

The HC2 assay and GP5+/6+-PCR-EIA system performed equally

well for the detection of cervical intraepithelial neoplasia grade 3

or cervical cancer (≥CIN3) in a population-based cervical screening

setting.8 This led to the idea of a combined test, i.e., high-

throughput primary screening for HRHPV by HC2 followed by

GP5+/6+-PCR-based genotyping on HC2-positive samples for the

identification of the respective types.

A novel, commercially available assay, capable of genotyping

GP5+/6+-PCR products, is the digene HPV Genotyping RH Test

(digene RH Test) (QIAGEN). This easy-to-use, strip-based reverse

hybridization assay permits identification of the 18 HRHPV

genotypes using GP5+/6+ amplimers and was designed for use in a

routine clinical setting as a follow-up test for HC2-positive women.

In this study, an analytical comparison between the digene

RH Test and the established RLB genotyping assay was performed

using the same GP5+/6+-PCR products. Towards this goal, cervical

samples from women participating in population-based cervical

screening that had been tested by HC2 were subjected to

GP5+/6+-PCR. Generated PCR products were used for genotyping

by both the digene RH Test and the RLB assay in a blinded manner

and genotyping findings were compared.

2. Materials and methods

2.1. Plasmid HPV test panel

For the evaluation of the analytical specificity of the digene RH Test

(QIAGEN), amplimers derived from HPV plasmid clones were

generated by the GP5+/6+ primer set in the digene RH Test Primer

Kit (QIAGEN), according to the manual. Plasmids of the following

HPV types were used as a test panel: HPV types 6, 11, 13, 16, 18, 26,

30, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66,

67, 68, 68a, 69, 70, 74, 82IS39, 82MM4, and 85. In order to confirm

amplification of an HPV-specific fragment gel electrophoresis was

performed in 2.2% flashgel agarose gels (Lonza, Basel, Switzerland).

2.2. Clinical specimens and Hybrid Capture 2 (HC2) HRHPV

screening

Cervical samples used in this study were from women between

30 and 60 years of age. These involved specimens that before

the onset of this study had been collected in Universal Collection

Medium (UCM; QIAGEN) and tested for HRHPV by HC2 (QIAGEN)

on an automated format (Rapid Capture System; QIAGEN8) during

the course of a population-based controlled intervention trial.

Briefly, each UCM sample was denatured and incubated with a RNA

probe cocktail for 13 HR types (HPV16, 18, 31, 33, 35, 39, 45, 51, 52,

56, 58, 59 and 68). RNA:DNA hybrids were captured with antibodies

and a secondary signaling antibody created a chemiluminescent

signal that was ultimately expressed as relative light units per cut-

off value (RLU/CO), representing the ratio between the emission

from a sample to the average of three positive controls (i.e., 1 pg/mL

of cloned HPV16 DNA). Samples were considered positive in case of

an RLU/CO value ≥1.0 (equivalent to signal of 1 pg/mL HPV16 DNA).

The trial was approved by the national ethical committee

(Ministry of Public Health) and all women enrolled had given

informed consent. The first 493 HC2-positive samples encountered

as well as a random set of 95 HC2-negative samples were used in

the current study.

2.3. DNA isolation

Of the left-over UCM specimens, DNA was isolated using ProtK

treatment followed by NucliSens EasyMAG automated nucleic acid

extraction (bioMérieux, Boxtel, The Netherlands) according to the

recommendations of the manufacturer.

2.4. GP5+/6+-PCR and Reverse Line Blot (RLB) analysis

The GP5+/6+-PCR was performed at the Department of Pathology,

VU University Medical Center (Amsterdam, The Netherlands) as

described previously.9 The resulting PCR products were split and

half of the portions was used for RLB genotyping at the same

department according to protocols that were described previously.9

The RLB assay used detects 37 HPV types (i.e., HPV6, 11, 16, 18, 26,

31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 55, 56, 57, 58,

59, 61, 66, 68, 70, 71 [CP8061], 72, 73, 81 [CP8304], 82 [MM4 and

IS39], 83 [MM7], 84 [MM8], and CP6108).

2.5. digene HPV Genotyping RH Test (digene RH Test) analysis

The digene RH Test utilizes probes for 18 HRHPV types (i.e., HPV16,

18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73,

and 82) that are similar to the respective RLB-probes, with minor

modifications, and are immobilized on nitrocellulose strips. The test

was performed on the other half of the generated GP5+/6+-PCR

products at DDL Diagnostic Laboratory (Voorburg, The Netherlands)

according to the kit manual in a ProfiBlot 48 analyzer (Tecan

Austria GmbH, Salzburg, Austria). As an additional step, 10mL
3B buffer solution (Labo Bio-Medical Products BV, Rijswijk, the

Netherlands) was added to the mix of GP5+/6+-PCR products and

denaturation solution prior to hybridization to circumvent non-

specific background. In short, subsequent hybridization with the

strips occurred under stringent conditions followed by incubation

with alkaline phosphatase–streptavidin conjugate. After addition of

a substrate, reactive HRHPV probes were visually interpreted as a

result of the enzymatic coloring reaction.

Testing with both the RLB assay and the digene RH Test was

performed in parallel by different technicians who were unaware of

each other’s test result and blinded to HC2 status of the samples.

2.6. Data analysis and statistics

For analytical comparison of the digene RH Test and the RLB assay

for HRHPV detection, both methods were considered HRHPV-

positive when genotyping revealed one or more of the 18 HRHPV

genotypes that can be detected by both assays (i.e., HPV16, 18,

26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and

82). Furthermore, for comparison to HC2 a distinction was made

between HRHPV-positivity for the 13 HRHPV types targeted by HC2

(i.e., HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) and the

complete group of 18 HRHPV types targeted by the digene RH Test.

To investigate the agreement between both genotyping assays for

one or more of the 18 HRHPV types, results were considered either

as concordant (both methods yielded completely identical genotyp-

ing results), compatible (both methods showed one or more of the

same genotype[s]), or discordant (no similarity between genotypes

detected by both methods).10 Since the digene RH Test does not

distinguish between IS39 and MM4 subtypes of HPV82, positive

RLB results for these subtypes were regarded as HPV82-positive.

The two-tailed McNemar’s test was used for mutual comparison

of the positivity rates of the RLB assay and the digene RH Test. The
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Fig. 1. Outline of the digene RH Test method and typical patterns using GP5+/6+ amplimers. The top line is the marker line for orientation of the strip. The second line is the

conjugate control (CC), which serves as the positive control for the enzymatic coloring reaction, while the remaining lines represent the genotype-specific probes. A positive

reaction with a probeline indicates the presence of the respective HPV genotype. The tested amplimers were obtained by performing the GP5+/6+-PCR on plasmid clones

containing DNA from 20 HRHPV genotypes (shown above). For HPV68 and 82 two subtypes, 68 and 68a, and 82IS39 and 82MM4, respectively, were available.

level of agreement was determined using Cohen’s kappa statistics.

Level of statistical significance was set at 0.05. All analyses were

performed using SPSS version 15.0.

3. Results

3.1. Analytical performance of the digene RH Test

The specificity of the digene RH Test was evaluated with GP5+/6+

PCR products derived from a panel of cloned HPV types (i.e., HPV

types 6, 11, 13, 16, 18, 26, 30, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51,

52, 53, 54, 56, 58, 59, 66, 67, 68, 68a, 69, 70, 73, 74, 82IS39, 82MM4,

and 85)a. The digene RH Test clearly showed specific hybridization

without any cross-hybridization to either closely related HPV types

(Fig. 1) or non-targeted types (data not shown).

3.2. Comparison of the digene RH Test with the RLB assay for

HRHPV detection

In order to compare the digene RH Test and the RLB assay for overall

HRHPV detection, we analyzed GP5+/6+ amplimers derived from a

series of 588 cervical smears previously testing positive (n = 493)

and negative (n =95) for HRHPVDNA by HC2. The same GP5+/6+

PCR products were used for the digene RH Test and the RLB assay.

Results on the HC2-positives are shown in Table 1. The HRHPV

detection rate by the digene RH Test (86.6%) was similar to that of

the RLB assay (86.8%) in these HC2-positive specimens (ú =0.886).
The 6 samples that were found HRHPV-positive only by the digene

RH Test included one double infection with HPV16 and 39, and

5 single infections comprising HPV18, 31, 39 and 52 (twice),

respectively. The RLB scored 7 samples additionally positive that

included single infections of HPV genotypes 16, 35, 39, 56, 58 and

59, respectively, and one mixed infection with the types 45, 52

and 58.

In the 95 HC2-negative cervical smears, the digene RH and RLB

tests scored 93 samples as HRHPV-negative (97.9%), whereas 2

samples were identified as HRHPV-positive (i.e., having single

infection with HPV16 and 45, respectively) by both genotyping

assays.

When restricting the analysis to the 13 HRHPV types detected by

HC2, the digene RH Test scored 401 of the 493 (81.3%) HC2-positive

Table 1

Comparison of HRHPV detection by the RLB and the digene RH Test in 493

HC2-positive cervical smears

RLB digene RH Test

HRHPV+a HRHPV−b

HRHPV+a 421 7

HRHPV−b 6 59

ú =0.886 (95%CI: 0.825–0.947), P = 1.000.
a HRHPV+ is defined as positive for HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53,

56, 58, 59, 66, 68, 73, and/or 82
b HRHPV− is defined as negative for HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53,

56, 58, 59, 66, 68, 73, and 82.

cervical smears as HRHPV-positive. Twenty-six (5.3%) could be

attributed to positivity for one or more of the five HRHPV types

additionally targeted by the digene RH Test strip (i.e., HPV26, 53,

66, 73 and 82). Seven samples (1.4%) in which the digene RH Test

did not recognize any HPV, were HRHPV-positive according to

the RLB assay, as discussed above. Amongst the 59 HC2-positive

specimens (12.0%) that were HRHPV-negative by both assays, the

RLB found 13/59 samples (22.0%) positive for LRHPV, including

types HPV6, 30, 67, and 70. In the remaining 46/59 specimens

(88.0%) no genotype was detected by both the digene RH Test and

the RLB assay.

3.3. Comparison of HR HPV genotyping results of the digene RH Test

versus the RLB assay

Next, the digene RH Test and RLB assay were compared for identi-

fying individual HRHPV genotypes in HC2-positive women. In 493

HC2-positive cervical smears, both assays demonstrated genotyping

results that were completely concordant in 448 specimens (90.9%)

and compatible in 32 samples (6.5%). Discordance was observed in

13 smears (2.6%).

The individual genotyping findings among HC2-positives are

shown in Table 2. The digene RH Test and RLB typing procedures

showed an excellent overall agreement (ú =0.951) when all typing

results of assay-common HPV types (i.e., HPV16, 18, 26, 31, 33,

35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82) were taken

into account. Kappa values per individual HPV type ranged from

a Underlining indicates HPV types targeted by the digene RH Test.
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Table 2

Comparison of genotyping findings between the digene RH Test and the RLB assay in 493 HC2-positive cervical smears

Genotype Number of samples found positive by:

digene RH Test and RLB digene RH Test only RLB only

ú (95%CI) P-valuea

HPV16 134 10 1 0.945 (0.913–0.977) 0.012

HPV18 32 3 0 0.952 (0.898–1.000) 0.250

HPV26 0 0 0

HPV31 72 4 0 0.968 (0.937–0.999) 0.125

HPV33 18 0 0 1.000 (1.000–1.000) 1.000

HPV35 9 0 2 0.898 (0.758–1.000) 0.500

HPV39 33 2 1 0.953 (0.901–1.000) 1.000

HPV45 28 0 2 0.963 (0.913–1.000) 0.500

HPV51 46 0 1 0.988 (0.965–1.000) 1.000

HPV52 49 4 4 0.915 (0.857–0.973) 1.000

HPV53 8 0 1 0.940 (0.823–1.000) 1.000

HPV56 28 0 1 0.981 (0.945–1.000) 1.000

HPV58 23 0 4 0.916 (0.834–0.998) 0.125

HPV59 9 3 2 0.777 (0.588–0.967) 1.000

HPV66 32 4 1 0.922 (0.854–0.990) 0.375

HPV68 6 0 0 1.000 (1.000–1.000) 1.000

HPV73 6 2 0 0.855 (0.657–1.000) 0.500

HPV82 3 0 0 1.000 (1.000–1.000) 1.000

Any typeb 536 32 20 0.951 (0.937–0.964) 0.126

a McNemar’s test.
b Restricted to assay-common types (i.e., HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82).

Table 3

The digene RH Test and the RLB assay in relation to the number of HRHPV typesa detected per specimenb

Test result, n (%)

digene RH Test RLB

P-value

Number of HRHPV types present within a sample

1 311 (72.8) 320 (74.8) 0.535

2 96 (22.5) 88 (20.5) 0.507

3 16 (3.8) 20 (4.7) 0.610

4 3 (0.7) 0 (0) 0.124

5 1 (0.2) 0 (0) 0.499

Total number of multiple infections (≥2 types) 116 (27.2) 108 (25.2) 0.535

a Only genotypes commonly detected by both assays (i.e., HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73 and 82)

are included.
b Data are shown for the 493 HC2-positive samples.

0.777 to 1.000. Significant difference at the individual HPV level

between digene RH Test and the RLB assay was found only for

HPV16. While HPV16 type agreement was high (ú =0.945), the

digene RH Test scored significantly more specimens positive for

HPV16 than the RLB assay (p = 0.012). Of the eleven discrepancies,

the RLB assay revealed one additional HPV16 (i.e., single infection)

as compared to the digene RH Test, and the digene RH Test

demonstrated 10 additional HPV16 (i.e., all in the presence of

multiple genotypes) as compared to the RLB assay (Table 2).

Both assays revealed no significant difference in the identification

of multiple infections, as reported in Table 3.

4. Discussion

This study investigated the analytical performance of the digene

RH Test for genotyping of GP5+/6+-PCR products, in comparison to

the established RLB genotyping assay. The same series of GP5+/6+

amplimers generated from cervical specimens derived from a

screening cohort were used. A comparison between two PCR-based

assays on similar DNA input is influenced by differences in each

consecutive step of the assay, including PCR primer design, choice of

polymerase enzyme, and PCR protocol.11 By using the same GP5+/6+

amplimers in this study, variation in genotyping findings due to

PCR differences was absent and the comparison could be focussed

to the read-out of the amplimers.

Using this approach, the digene RH Test and the RLB assay

demonstrated high concordance for the detection and genotyping

of 18 HRHPV types in HC2-positive samples. The format of the

home-brew RLB assay, which is currently used for genotyping of

GP5+/6+-PCR-EIA-positive amplimers, is not easily implemented in

routine laboratories. Consequently, the digene RH Test offers an

easy-to-use alternative for the RLB assay.

Lack of detection of HR HPV genotypes by the digene RH Test in

66 (13.4%) HC2-postive specimens could partially be explained by
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cross-reactivity of the HC2 assay with LRHPV types not included in

the digene RH Test, but targeted by the RLB assay. These findings are

in line with previous reports reporting cross-reactivity of the HC2

probe cocktail with untargeted types.12–14 Otherwise, it might reflect

HC2 background noise using the standard cut-off for positivity

(RLU/CO≥1), supporting a threshold adjustment that has been

reported earlier.8 Alternatively, insufficient amplification by the

GP5+/6+-PCR, a step that the HC2 assay does not require, either

or not influenced by inadequate DNA extraction or PCR inhibitors

present in these samples, might have caused false-negativity by the

PCR-based genotyping assays.

At the type-specific level, the few discrepant results were most

likely due to low concentrations of target amplimers resulting

in a test-to-test variation. Only the genotyping findings for

HPV16 differed statistically significantly (P< 0.05) between the RLB

genotyping assay and the digene RH Test. This difference was

not visible at the HRHPV detection level, as it mainly concerned

increased recognition of HPV16 by the digene RH Test in the

context of multiple HRHPV infections as compared to the RLB assay.

This may indicate the occurrence of competition between multiple

genotypes, a problem common to all broad-spectrum PCR-based

methods.15 If HPV16 was the minor genotype and amplified into

a low concentration, small differences in probe sensitivity for

detection of HPV16 between the two assays might have generated

the discrepancy. The clinical consequence of the slightly higher

analytical sensitivity for HPV16 in presence of other HRHPV types

by the digene RH Test remains to be determined, but might be of

low consequence.

In conclusion, an algorithm combining the FDA-approved digene

Hybrid Capture 2 High-Risk HPV DNA Test with the GP5+/6+-based

digene HPV Genotyping RH Test offers promising possibilities in

cervical cancer screening and triage.
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