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GP5�/6�-based PCR followed by reverse line blot hybridization (GP5�/6�RLB) and multiplex type-specific PCR (E7-MPG)
are two human papillomavirus (HPV) genotyping methodologies widely applied in epidemiological research. We investigated
their relative analytical performance in 4,662 samples derived from five studies in Bhutan, Rwanda, and Mongolia coordinated
by the International Agency for Research on Cancer (IARC). A total of 630 samples were positive by E7-MPG only (13.5%), 24
were positive by GP5�/6�RLB only (0.5%), and 1,014 were positive (21.8%) by both methods. Ratios of HPV type-specific posi-
tivity of the two tests (E7-MPG:GP5�/6�RLB ratio) were calculated among 1,668 samples that were HPV positive by one or both
tests. E7-MPG:GP5�/6�RLB ratios were >1 for all types and highly reproducible across populations and sample types. E7-
MPG:GP5�/6�RLB ratios were highest for HPV53 (7.5) and HPV68 (7.1). HPV16 (1.6) and HPV18 (1.7) had lower than average
E7-MPG:GP5�/6�RLB ratios. Among E7-MPG positive infections, median mean fluorescence intensity (MFI; a semiquantita-
tive measure of viral load) tended to be higher among samples positive for the same virus type by GP5�/6�RLB than for those
negative for the same type by GP5�/6�RLB. Exceptions, however, included HPV53, -59, and -82, for which the chances of being
undetected by GP5�/6�RLB appeared to be MFI independent. Furthermore, the probability of detecting an additional type by
E7-MPG was higher when another type was already detected by GP5�/6�RLB, suggesting the existence of masking effects due to
competition for GP5�/6� PCR primers. In conclusion, this analysis is not an evaluation of clinical performance but may inform
choices for HPV genotyping methods in epidemiological studies, when the relative merits and dangers of sensitivity versus speci-
ficity for individual types should be considered, as well as the potential to unmask nonvaccine types following HPV vaccination.

Human papillomavirus (HPV) DNA detection and genotyping
are central to molecular epidemiological studies of HPV nat-

ural history and carcinogenicity, as well as to evaluations of HPV
vaccine efficacy and effectiveness. There are various PCR-based
methods for HPV DNA detection and genotyping, of which one
of the most commonly used in epidemiological studies is the
GP5�/6� primer set targeting conserved sequences within the L1
gene, thus allowing detection of a broad range of mucosal HPV
types in a single reaction. The HPV genotype can subsequently be
identified by various methods, of which the most commonly used
is hybridization with type-specific probes using a reverse line blot
hybridization assay (henceforth referred to as GP5�/6�RLB) (1).
The GP5/6 primers were initially developed to maximize detec-
tion of HPV6, -11, -16, -18, -31, and -33 (2) and were subse-
quently elongated at their 3= ends to generate the primers GP5�
and GP6� to improve the detection of a broader range of HPV
types (3). This methodology has been widely validated against
clinical outcomes in large population-based screening programs
and shows favorable clinical performance in comparison to cervi-
cal cytology (4, 5).

More recently, other assays have been developed to increase
analytical sensitivity for detection of HPV DNA, including a Lu-
minex bead-based assay for the genotyping of products from the
multiplex type-specific E7 PCR (henceforth referred to as E7-
MPG). E7-MPG detects DNA from 21 HPV types, has been vali-
dated for analytical sensitivity in a global proficiency study (6),

and has been shown to be more sensitive than most other broad-
spectrum primer-based PCR methods in detecting low viral copy
numbers and multiple infections (7). Increased detection of mul-
tiple infections has been partly attributed to overcoming the
masking effects of competition for consensus primers by the use of
HPV type-specific primers (7). E7-MPG was neither designed nor
validated for cervical cancer screening. However, the balance of
analytical sensitivity versus specificity remains an important ques-
tion for epidemiological studies, most notably those monitoring
HPV vaccination efficacy (8, 9).
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MATERIALS AND METHODS
Populations. Samples reported here arise from five different studies co-
ordinated by the International Agency for Research on Cancer (IARC)
(Table 1).

(i) Exfoliated cell samples from 884 women from Bhutan. During a
population-based survey in 2011 to 2012, 2,505 women aged 18 to 69 years
were invited for the collection of exfoliated cervical cells in PreservCyt
medium for HPV testing with GP5�/6�RLB (10). Women aged 18 to 24
years were systematically (884 of 885) tested with E7-MPG. Women were
sexually active, and 97.2% were unvaccinated for HPV.

(ii) Exfoliated cell samples from 1,169 women from Rwanda. During
a population-based survey in 2013 to 2014, 2,508 women aged 18 to 69
years were invited for the collection of exfoliated cervical cells in Preserv-
Cyt medium for HPV testing with GP5�/6�RLB (11). Women aged 18 to
24 years were systematically (1,169 of 1,179) tested with E7-MPG.
Women were sexually active, and 97.2% were unvaccinated for HPV.

(iii) Exfoliated cell samples from 635 women from Mongolia. Dur-
ing a population-based survey in 2005, 969 women aged 18 to 69 years
were invited for the collection of exfoliated cervical cells in PreservCyt
medium for HPV testing with GP5�/6�RLB (12). Almost all GP5�/
6�RLB-positive women (321 of 339) and a random selection of GP5�/
6�RLB-negative women (314 of 630) were also tested with E7-MPG (7).
All women were sexually active and unvaccinated.

(iv) Urine samples from 1,062 women from Bhutan. In 2013, 973
high school students self-collected a urine sample using a device designed
to collect first-void urine immediately into conservation medium (13). A
total of 871 students (90%) reported to be virgins, and 896 (92%) reported
having been vaccinated against HPV6/-11/-16/-18 (8). A further 89 urine
samples were obtained from Bhutanese women aged 30 years or more in
the Bhutan cervical cell survey described above approximately 18 months
after an initial diagnosis of GP5�/6�RLB-positive normal cytology. All
samples were tested with both GP5�/6�RLB and E7-MPG.

(v) Urine samples from 912 women from Rwanda. In 2013 to 2014,
912 high school students self-collected a urine sample as described above.
A total of 720 students (79%) reported to be virgins, and 393 (43%)
reported having been vaccinated against HPV6/-11/-16/-18 (8). All sam-
ples were tested with both GP5�/6�RLB and E7-MPG.

All included studies had approval from both the local Research Ethical
Boards (in Bhutan, Rwanda, and Mongolia) and the IARC Ethics Com-
mittee.

DNA extraction. For exfoliated cell samples, DNA was extracted from
PreservCyt samples at the Department of Pathology, VU University Med-
ical Center, Amsterdam, using magnetic beads (Macherey-Nagel) on a
robotic system (Hamilton Robotics) according to the manufacturer’s in-
structions.

For urine samples, DNA was extracted at the Centre for the Evaluation
of Vaccination, University of Antwerp, Belgium, using a protocol that first
concentrated DNA by centrifugation in an Amicon Ultra-4 50K (50,000
nominal molecular weight limit) filter device (Merck Millipore, Belgium).
Subsequently DNA was lysed with NucliSENS lysis buffer (bioMérieux,

Benelux) and extracted using a generic easyMAG off-board lysis protocol
(reported in detail in reference 8).

HPV DNA detection and genotyping. HPV detection and genotyping
of all DNA samples were first performed by GP5�/6�RLB at the Depart-
ment of Pathology, VU University Medical Center, Amsterdam. Beta-
globin PCR analysis was conducted to confirm human DNA in all speci-
mens (14). Presence of HPV DNA was determined by conducting a
general primer GP5�/6�-based PCR, which permits the detection of a
broad spectrum of genital HPV types (14, 15). HPV positivity was assessed
by hybridization of PCR products in an enzyme immunoassay with two
oligonucleotide probe cocktails that, together, detect 44 mucosal HPV
types: 6, 11, 16, 18, 26, 30, 31, 32, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52,
53, 54, 55, 56, 57, 58, 59, 61, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84,
85, 86, 89, and 90. Subsequent HPV genotyping was conducted by reverse
line blot hybridization of GP5�/6� PCR products (1).

E7-MPG was performed using a Luminex bead-based platform (7),
either at the Group of Infections and Cancer Biology, International
Agency for Research on Cancer, in Lyon, France (for Bhutan and Rwan-
dan samples), or at the German Cancer Research Center (DKFZ) in
Heidelberg, Germany (for Mongolian samples). The assay detected DNA
from 21 HPV types (6, 11, 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58,
59, 66, 68, 70, 73, and 82), except for Mongolia, where types 6 and 11 were
not included. PCRs were performed with a Qiagen multiplex PCR kit
according to the instructions of the manufacturer (16), and beta-globin
primers were included to control DNA quality. Results are expressed as
the median of the mean fluorescence intensity (MFI) of at least 100 beads
per set. MFI values reflect a semiquantitative measure of the number of
copies of target DNA in the sample. For each probe, the cutoff for posi-
tivity was computed as described previously (7, 17).

Statistical analyses. Type-specific positivity for E7-MPG and GP5�/
6�RLB were compared graphically, and type-specific positivity ratios
were calculated (E7-MPG:GP5�/6�RLB ratio) only for women who
were HPV positive according to either or both tests; women who were
HPV negative by both tests (doubly negative) were excluded, but their
inclusion would not have changed E7-MPG:GP5�/6�RLB ratios. In ad-
dition, HPV positivity refers only to positivity for the 21 HPV types in
common to both HPV genotyping methods (HPVs 6, 11, 16, 18, 26, 31, 33,
35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73, and 82), whereas other HPV
types detected by GP5�/6�RLB were ignored in this analysis. Ninety-five
percent confidence intervals (CIs) of ratios were computed assuming a
binomial distribution. Median MFI values were compared for each
HPV by a Wilcoxon-Mann-Whitney test, adjusted for study.

To aid comparisons between tests and between populations, graphs of
type-specific positivity include two lines. On the figures, a solid line rep-
resents a theoretical scenario where both tests detect types equally, which
corresponds to an E7-MPG:GP5�/6�RLB ratio of 1. A dotted line rep-
resents the slope of a linear regression passing through the origin and the
21 type-specific points, hence representing the average E7-MPG:GP5�/
6�RLB positivity ratio. The strength of the association of this linear re-

TABLE 1 Description of study populations and concordance of positivity for 21 HPV types by E7-MPG and GP5�/6�RLB testing

Country Sample type
Median subject age
(5%–95% range [yr]) Na

No. (%) of samples by E7-MPG and GP5�/6�RLB resultsb

�/� �/� �/� �/�

Bhutan Cells 22 (19–24) 884 207 (23.4) 107 (12.1) 6 (0.7) 564 (63.8)
Rwanda Cells 22 (18–24) 1,169 380 (32.5) 189 (16.2) 7 (0.6) 593 (50.7)
Mongolia Cells 34 (21–54) 635 264 (41.6) 177 (27.9) 5 (0.8) 189 (29.8)
Bhutan Urine 19 (18–38) 1,062 87 (8.2) 77 (7.3) 5 (0.5) 893 (84.1)
Rwanda Urine 19 (17–20) 912 76 (8.3) 80 (8.8) 1 (0.1) 755 (82.8)

Total 4,662 1,014 (21.8) 630 (13.5) 24 (0.5) 2,994 (64.2)
a N, number of samples.
b �/�, positive by both tests; �/�, positive only by E7-MPG; �/�, positive only by GP5�/6�RLB; �/�, negative by both tests.
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gression was assessed by using the coefficient of determination, R2, or
explained variation.

Log-binomial regression was used to model positivity for an addi-
tional HPV type by E7-MPG given the GP5�/6�RLB positivity status,
adjusted for study-only or for lifetime number of sexual partners (0, 1, 2,
or 3�). In this analysis (which concerns the issue of the potential masking
of multiple infections), the definition of GP5�/6�RLB positive inevita-
bly includes also positivity for other HPV types detected by GP5�/
6�RLB.

RESULTS

A total of 4,662 adequate (i.e., beta-globin-positive) samples were
tested with both GP5�/6�RLB and E7-MPG and included in the
following analyses (Table 1). With respect to the 21 HPV types
detected by both tests, 1,668 samples were HPV positive (35.8%),
including 630 positive by E7-MPG only (13.5%), 24 positive by
GP5�/6�RLB only (0.5%), and 1,014 (21.8%) positive by both
tests (Table 1). HPV positivity was hence 35.3% by E7-MPG (of
which 49.3% were multiple infections) and 22.3% by GP5�/
6�RLB (of which 32.9% were multiple infections). Type-specific
prevalence stratified by single versus multiple infections is shown
separately by both tests in Fig. S1 in the supplemental material.

Figure 1A to E compare type-specific positivity by E7-MPG
and GP5�/6�RLB, separately for each of the five studies, for
women who were HPV positive for any of the 21 types by either
test. E7-MPG:GP5�/6�RLB ratios were systematically above 1
for all HPV types and in all studies (with the one exception of
HPV45 in Bhutan urine samples). The average E7-MPG:GP5�/
6�RLB ratio across the 21 HPVs (i.e., the slope of the linear re-
gression line) varied between 1.7 in Bhutan cell and urine samples
to 2.3 in Rwandan urine samples. R2 values of these regression
lines were all �0.4, and such poor fits suggest that E7-MPG:
GP5�/6�RLB ratios differ by HPV type. Despite the differences
between the studies in terms of the importance of HPV types
relative to each other (e.g., high prevalence of HPV35 in Rwanda
and of HPV31 in Mongolia), highly reproducible type-specific
excesses for E7-MPG positivity in comparison to GP5�/6�RLB
have been observed across all five studies. Most clearly, HPV53
and HPV68 showed high E7-MPG:GP5�/6�RLB ratios in all
studies, while HPV16 and HPV45 showed consistently low ratios
in all studies.

Given the strong reproducibility of type-specific E7-MPG:
GP5�/6�RLB ratios across studies, pooled type-specific positiv-
ity by E7-MPG and GP5�/6�RLB was shown among all 1,668
HPV-positive women, as demonstrated by the data in Fig. 2. E7-
MPG:GP5�/6�RLB ratios were 2.0 on average (i.e., slope of re-
gression line). E7-MPG:GP5�/6�RLB ratios were all above 1,
with 95% CIs excluding unity for all types with the exception
of HPV45 (1.3; 95% CI, 1.0 to 1.7), and the ratios were highest for
HPV53 (7.5), HPV68 (7.1), HPV82 (3.2), HPV39 (2.8), and
HPV51 (2.8). HPV16 (1.6) and HPV18 (1.7) showed lower than
average E7-MPG:GP5�/6�RLB ratios.

Median MFI values of infections detected by E7-MPG are
shown in Table 2, compared by whether samples were positive or
negative for the same HPV type by GP5�/6�RLB. For most HPV
types, median MFI values were significantly higher among sam-
ples positive for the same type by GP5�/6�RLB than among
those that were negative, suggesting that the chance of an infection
being undetected by GP5�/6�RLB is related to a low viral DNA
copy number. Notable exceptions were HPV53, -59, and -82, for

which the chances of being missed by GP5�/6�RLB appeared to
be independent of the MFI.

In order to investigate potential masking of HPV types by com-
petition for GP5�/6� PCR primers in multiple infections, we
investigated the probability of detecting at least one additional
type by the E7-MPG test by GP5�/6�RLB status. Detection of
additional type(s) by E7-MPG was significantly greater (P �
0.001) among GP5�/6�RLB-positive (690 of 1,342; 51.4%) than
GP5�/6�RLB-negative (492 of 3,320; 14.8%) women (Table 3).
The difference remained highly statistically significant (P �
0.001), even after adjustment for lifetime number of sexual part-
ners in an attempt to account for the tendency of HPV types that
share a sexual exposure to cluster in the same high-risk women.

DISCUSSION

We describe a novel approach to comparing the type-specific an-
alytical performance of two widely used HPV DNA detection and
genotyping methodologies. This was made possible by testing a
large number of clinical samples, a large proportion or which were
HPV positive, with the two methods. We confirmed previous
smaller studies (7, 10) showing that E7-MPG is more analytically
sensitive than GP5�/6�RLB while rarely not detecting GP5�/
6�RLB-positive women. However, we went on to establish that
the relative sensitivity of the two tests is highly HPV type specific
and that these type-specific differences are remarkably consistent
across studies and populations.

Highest E7 MPG:GP5�/6�RLB ratios were seen for HPV53
(7.5) and HPV68 (7.1), corroborating previous findings of
GP5�/6� PCR-related deficiencies in detecting these types.
GP5�/6� primers have long been known to be deficient in detec-
tion of HPV53 (18, 19), and a series of meta-analyses of global
HPV type distribution (20–22) has always considered HPV53 to
be undetectable by GP5�/6� PCR. Underdetection of HPV68
has been reported for GP5�/6� PCR in two independent com-
parisons against another HPV genotyping method, Papillocheck
(23, 24), and for a modified GP5�/6� PCR assay (25), which was
thought to be related to a deficiency in detecting one of two
HPV68 subtypes (23).

Schmitt et al. attempted to improve the suboptimal alignment
of GP5�/6� primers by developing additional broad-spectrum
(BS) primers targeting the GP5�/6� region (17). Types for which
BSGP5�/6� most improved detection over GP5�/6� were
HPV68 (BSGP5�/6�:GP5�/6� ratio, 29.3) and HPV53 (15.1),
followed by HPV82 (6.0), HPV52 (4.9), HPV51 (3.5), and HPV39
(2.4). These types closely match those that showed the greatest
E7-MPG:GP5�/6�RLB ratios in the present study. The evalua-
tion by Schmitt et al. was undertaken in a set of Mongolian women
that overlap those represented in the present study, but indepen-
dent studies in Bhutan and Rwanda showed the same finding and
in both urine and cell samples.

HPV16 and HPV18 showed smaller than average differences
between the two assays (ratios of 1.6 and 1.7, respectively), likely
related to the fact that GP5�/6� primers were originally designed
to optimize the detection of these two potent carcinogens. The
smallest difference (1.3) was observed for HPV45, and this may
represent the minimum inherent difference in sensitivity between
the two test technologies. These results confirm an increase in the
analytical sensitivity of E7-MPG versus GP5�/6�RLB, probably
combined with differences in resolution of the genotyping plat-
forms used (i.e., visual confirmation of a positive spot for GP5�/
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FIG 1 Comparisons of type-specific positivity by E7-MPG and GP5�/6�RLB, separately for five study populations. For Mongolia, HPV6 and HPV11 are not
included.
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6�RLB versus automated semiquantitative MFI output for
E7-MPG).

For most HPV types, infections undetected by GP5�/6� RLB
were associated with low viral copy numbers (as measured by
median MFI values), with the exception of some of those identi-
fied above with suboptimal PCR primer alignment (e.g., HPV53
and HPV82), as well as HPV59. As a general rule for any given
type, the higher the E7-MPG:GP5�/6�RLB ratio, the stronger
the relationship between infections undetected by GP5�/6�RLB
and viral copy number. While HPV16 and -18 infections not de-
tected by GP5�/6� have previously been shown to be strongly
related to low viral copy numbers (26), the relatively weak rela-
tionship to viral load for undetected HPV52 infections appears
inconsistent with previous data from the Netherlands (26). This
suggests that GP5�/6� might be particularly insensitive to am-
plify HPV52 variants that are overrepresented outside Europe
(27).

The probability of detecting an additional type by E7-MPG was
higher when another type was already detected by GP5�/6�RLB.
This phenomenon could, at least partly, represent the natural ten-
dency of HPV types that share a sexual exposure to cluster in the
same high-risk women (28). Although the lifetime number of
partners was indeed a strong predictor of detecting an additional
type by E7-MPG, adjustment for sexual behavior could not elim-
inate the strongly significant effect of the presence of another type
detected by GP5�/6�RLB, suggesting that increased detection of

multiple infections by E7-MPG is at least in part due to overcom-
ing the masking effects of competition for consensus GP5�/6�
primers (7), a phenomena that has been described also for other
consensus versus type-specific PCR primers (29). Even though
there may be some lower-level masking of multiple infections
even for type-specific PCR assays such as E7-MPG, due to
competition for reagents (e.g., deoxynucleoside triphosphates
[dNTPs], enzymes, and cofactors), the effect of eliminating vac-
cine types on the unmasking of other types needs to be considered
in the choice of an HPV genotyping assay for monitoring HPV
vaccine impact.

Discordant samples were strongly tended to be E7 MPG posi-
tive–GP5�/6�RLB negative for all types. Nevertheless, there
were also a small number of GP5�/6�RLB-positive–E7-MPG-
negative samples, most notably for HPV16 (n � 19) and HPV45
(n � 13) (Table 2). Upon attempts to sequence the rare E7-MPG-
negative–GP5�/6�RLB-positive infections to explore for strange
variants, however, we were mostly unable to reamplify DNA of the
given type, suggesting poor-quality samples.

The consistency of type-specific E7-MPG:GP5�/6�RLB ra-
tios across different populations and across different sample types
provides confidence that findings can be extrapolated to other
studies. Hence, it appears that the expected type-specific preva-
lence of one of the two tests can be reasonably estimated from the
observed type-specific HPV prevalence of the other at the level of
the general population. In contrast, however, given the features of

FIG 2 Comparison of type-specific positivity by E7-MPG and GP5�/6�RLB for pooled results of the five study populations.

Comparison of GP5�/6� PCR and E7-MPG

August 2016 Volume 54 Number 8 jcm.asm.org 2035Journal of Clinical Microbiology

http://jcm.asm.org


suboptimal alignment and competition between HPV types for
consensus GP5�/6� PCR primers, simply applying higher MFI
cutoffs to E7-MPG-positive samples would not allow expected
GP5�/6�RLB positivity to be estimated at the level of the indi-
vidual woman. Indeed, while the semiquantitative nature of E7-
MPG enabled us to show that E7-MPG infections undetected by
GP5�/6�RLB tended to reflect those with lower MFIs, the degree
to which type-specific MFI values reflect true copy numbers of
viral DNA is not known as we did not perform gold-standard
real-time PCR.

While the higher analytical sensitivity of E7-MPG than that of
GP5�/6�RLB is important to bear in mind when epidemiologi-
cal studies are being compared or designed, it is likely to have an
unfavorable impact on clinical performance in screening pro-
grams, which involve a balance between sensitivity to detect/pre-
dict cervical (pre)cancer (i.e., CIN2�) and specificity to avoid
unnecessary interventions (30). Indeed, GP5�/6�-based PCR as-
says for 14 high-risk types have been widely validated against clin-

ical outcomes in large population-based screening programs and
show improved clinical performance in comparison to cytology
(4, 5) and similar (23, 24) or better (26) clinical performance than
other HPV tests. E7-MPG, on the other hand, has not been clini-
cally evaluated and, indeed, was not originally designed for pop-
ulation-level screening.

Whether high analytical sensitivity of HPV testing is an advan-
tage or a danger for certain epidemiological study designs, in par-
ticular for monitoring of HPV vaccines, remains unclear (8, 31).
Among the urine samples reported here, estimates of vaccine ef-
fectiveness against HPV6/-11/-16/-18 in Rwanda and Bhutan
were lower with E7-MPG than with GP5�/6�RLB (8), possibly
due to increased detection of low-level HPV DNA that may have
no clinical significance. On the other hand, tests with high
analytical sensitivity produce a larger sample size of HPV-posi-
tive women to study, and these may eventually show that, in the
long term, HPV vaccination programs with high coverage eradi-
cate transmission even of these low-level infections. Both tests will
continue to be used in parallel in the long-term monitoring of
vaccine impact in Bhutan and Rwanda.
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HPV type

E7-MPG positivea

E7-MPG negative
and GP5�/6�RLB
positive (N)

GP5�/6�RLB negativea GP5�/6�RLB positivea

Wilcoxon
P valuebNc Median E7-MPG MFI (IQd) N Median E7-MPG MFI (IQ)

HPV6 59 42 (20–83) 36 156 (90–273) �0.001 1
HPV11 21 668 (157–964) 19 1033 (733–1531) 0.021 1
HPV16 134 93 (11–438) 186 307 (188–495) �0.001 19
HPV18 64 374 (55–793) 93 1118 (720–1602) �0.001 2
HPV26 20 222 (21–491) 19 403 (13–651) 0.683 2
HPV31 108 431 (312–693) 89 624 (428–793) �0.001 1
HPV33 97 95 (5–392) 72 335 (183–397) 0.001 1
HPV35 69 184 (104–277) 90 282 (210–399) �0.001 1
HPV39 99 100 (41–218) 52 386 (255–483) �0.001 1
HPV45 40 64 (38–140) 75 203 (125–379) �0.001 13
HPV51 164 171 (90–251) 79 201 (116–331) �0.001 9
HPV52 190 118 (40–204) 97 135 (86–201) 0.148 12
HPV53 190 74 (37–209) 27 80 (23–171) 0.411 2
HPV56 84 120 (32–302) 93 447 (313–577) �0.001 3
HPV58 120 207 (78–405) 104 289 (154–504) �0.001 2
HPV59 79 83 (52–129) 66 88 (43–150) 0.182 4
HPV66 94 65 (14–142) 88 228 (130–434) �0.001 4
HPV68 148 236 (48–564) 23 903 (539–1329) �0.001 1
HPV70 38 66 (21–108) 53 118 (46–244) 0.005 7
HPV73 79 162 (33–384) 46 245 (110–567) 0.007 3
HPV82 62 280 (98–447) 18 318 (243–382) 0.791 7
a Positive or negative for the specific HPV type in question.
b Adjusted for study.
c N, number of samples.
d IQ, 25 to 75% interquartile interval.

TABLE 3 GP5�/6� RLB result and detection of at least one additional
HPV type by E7-MPG

GP5�/6�RLB
resulta

Total no.
of samples

No. (%) of samples with
detection of at least one
additional type by E7-MPG P valueb

Negative 3,320 492 (14.8) �0.001
Positive 1,342 690 (51.4)
a Any of the 44 HPV types detected by GP5�/6�.
b Adjusted for study (but the P value remained �0.001 in a model additionally adjusted
for lifetime sexual partners).
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