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1. Introduction

Abstract HPVs cannot be cultured and the detection of virus relies on a variety of
techniques used in immunology, serology, and molecular biology. Currently the only
FDA-approved commercially available method for the detection of HPV DNA is the
Hybrid Capture assay, version hc2 (Digene, Gaithersburg, MD, USA) which is able to
detect 13 high-risk types of HPV. The advantage of PCR-based methods of HPV DNA
detection is that they allow for the identification of different types of HPV. This
article discusses the advantages and disadvantages of the different methods of HPV
DNA detection. HPV DNA testing can be used in a variety of clinical scenarios that
include a primary screening test, particularly in women older than 30 years; as an
adjunctive test to cytology; to triage women who have an equivocal cytologic find-
ing, e.g., ASC-US, or for follow up post-treatment. In addition, HPV DNA testing can
be performed on samples obtained by women themselves (so-called self-sampling),
which may be useful in women who are resistant to undergoing gynecologic exami-
nations.

© 2006 International Federation of Gynecology and Obstetrics. Published by Elsevier
Ireland Ltd. All rights reserved.

pressed in low amounts in infected tissues; and (3)
there is a lack of sensitive and specific antibodies

The diagnosis of human papillomavirus (HPV) can
be inferred from morphologic, serologic, and clini-
cal findings. In productive infections, such as warts,
virus particles about 50 nm in diameter can be de-
tected by electron microscopy and by immune de-
tection of the virus capsid proteins (L1, L2). Im-
munological detection of HPV in human cells or tis-
sues has been hindered by 3 main reasons: (1) the
late, capsid proteins are only expressed in produc-
tive infections; (2) the early proteins are often ex-
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of high quality against the viral proteins. Antibodies
generated against bovine papillomavirus (BPV) late
proteins have been widely used because of their ob-
served cross-reaction with HPV late proteins. How-
ever, they have low sensitivity and do not discrim-
inate between HPV types, which would be essen-
tial for disease risk determination. Detection of HPV
early proteins is even more complicated owing to
the low expression levels generally observed in cells
or tissues derived from HPV-positive lesions. Anti-
bodies against E6 or E7 are available but their use
is mostly restricted to in-vitro assays, including di-
rect visualization of the antibodies in cells or tis-
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sues (immune histochemistry) or in protein extracts
(Western blots and immune precipitation assays).

2. Assays for the detection and typing of
HPVs

Because HPV cannot be propagated in tissue cul-
ture, in most cases its accurate identification re-
lies on molecular biology techniques. With a double-
stranded DNA genome of about 8000 base pairs and
a well-known physical structure and gene organiza-
tion, tests of choice for detecting HPV from clini-
cal specimens are based on nucleic acid probe tech-
nology. Direct detection of HPV genomes as well as
transcripts can be achieved with hybridization pro-
cedures that include Southern and Northern blots,
dot blots, in-situ hybridization, signal-amplification
molecular technology (Hybrid Capture assay, version
hc2; Digene, Gaithersburg, MD, USA), and DNA se-
quencing [1]. A variety of signal detection proce-
dures can further increase the sensitivity of these
assays. The only procedure that may be capable of
recognizing all HPV types and variants present in
a biologic specimen is DNA sequencing of the vi-
ral genome, either after cloning into plasmids or
by direct sequencing of a polymerase chain reac-
tion (PCR) fragment. The methodology, however,
is presently labor intensive and requires expensive
equipment. Moreover, direct sequencing of speci-
mens containing multiple HPV types awaits further
development.

For HPV genome analysis, hybridization in solid
phase, such as Southern blot for DNA molecules and
Northern blot for RNA molecules, are excellent pro-
cedures that can generate information of quality,
but are time consuming and require large amounts
of highly purified nucleic acids. Moreover, hybridiza-
tion in solid phase requires well-preserved, ideally
full-size molecules, and therefore cannot be done
with any biologic specimen — particularly those de-
rived from fixed tissues in which DNA degradation
is often observed. The procedure is also technically
cumbersome and time consuming, and therefore not
amenable for large-scale population studies. In-situ
hybridization (ISH) is a technique by which specific
nucleotide sequences are identified in cells or tis-
sue sections with conserved morphology, therefore
allowing the precise spatial localization of the tar-
get genomes in the biologic specimen. A great ad-
vantage of ISH, one that overcomes its relatively
low analytical sensitivity, is that it can be applied
to tissues that have been routinely fixed and pro-
cessed. Sensitivity can be increased by combining
PCR to ISH, a procedure known as in-situ PCR [2].
ISH has been used to detect messenger RNA (mRNA)

as a marker of gene expression where levels of vi-
ral proteins are low [3]. A major limitation of the
method is the potential for error in HPV typing be-
cause of probe cross-hybridization. Recent improve-
ments, however, have allowed it to become widely
used for HPV DNA and RNA detection in tissues, with
high sensitivity and specificity [4].

Viral DNA and RNA can also be detected by a se-
ries of PCR-based assays. A series of polymerization
steps selectively amplify the viral genomes, result-
ing in an exponential and reproducible increase in
the HPV nucleotide sequences present in the bio-
logic specimen [1]. A summary of the characteristics
and usefulness of different HPV detection assays is
presented in Table 1.

Presently, the 2 assays the most widely used for
the detection of genital types are the Digene Hybrid
Capture assay, version hc2 [5] and PCR with generic
primers [6]. Both are suitable for automated execu-
tion and reading of high-throughput testing, which is
necessary in clinical settings as well as in large epi-
demiological studies. As discussed in detail below,
the clinical utility of HPV DNA testing relies on the
ability to detect HPV types that are associated with
clinically relevant disease, as are the epidemiolog-
ically and biologically defined high-risk HPV types
(Figure 1)

2.1. Hybrid Capture assays

The Hybrid Capture assay hc2 is based on hybridiza-
tion, in a solution of long synthetic RNA probes com-
plementary to the genomic sequence of 13 high-risk
(types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
and 68) and 5 low-risk (6, 11, 42, 43, 44) HPV types.
The “A” probe cocktail has RNA probes to detect
low-risk types of HPV and the “B” probe cocktail has
RNA probes to detect the high-risk types of HPYV, in
2 separate reactions. Specific HPV DNA-RNA hybrids
are formed in solution and then captured by anti-
bodies bound to the wells of a microtiter plate that
recognize specific HPV DNA-RNA hybrids. The immo-
bilized hybrids are detected by a series of reactions
that generate a luminescent product that can be
measured in a luminometer. The intensity of emit-
ted light, expressed as relative light units (RLUs), is
proportional to the amount of target DNA present in
the specimen, providing a semiquantitative measure
of the viral load.

The Hybrid Capture hc2 assay is currently avail-
able in a 96-well microplate format, is easy to per-
form in clinical settings, and is suitable for automa-
tion. Furthermore, the Hybrid Capture hc2 assay
does not require special facilities to avoid cross-
contamination because, contrary to PCR protocols,
it does not rely on target amplification to achieve
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Table 1 Characteristics of tests for the detection of cervical cancer and its precursors

Test Test sensitivity/specificity for CIN 2/3 lesions and cervical cancer
Analytical Clinical

Based on cell morphology

Pap smear/tissues ? NA low/high

Colposcopy? NA moderate/low

Visual inspection @ NA low/low

Detection of HPV proteins

Immunocito/histochemistry P low/high low/low

Electron microscopyP low/high low/low

Western blots P low/high low/moderate

Detection of HPV genomes
Direct methods

Southern blot € moderate/high

In situ hybridization ¢ moderate/moderate
Dot blot low/high
Signal amplification
Hybrid Capture 9-¢f high/high
Target amplification
PCRd&f high/high

Real-Time PCR®f very high/high

Detection of anti-HPV antibodies

ELISA peptides low/low

VLP moderate/high
Fused E6/E7 high/moderate

moderate/high
moderate/moderate
low/high

high/high

very high—high/high-moderate
very high*

low/low
low/low
low-moderate/high

Abbreviations: ELISA, enzyme-linked immunosorbent assay.
*No data were available.

@ Limited because of their low sensitivity; highly dependent on sampling and tissue preservation; cannot type HPV.

b Technically cumbersome and/or time consuming.

€ Requires DNA and tissue preservation.

d | ess dependent on sampling; can be done in crude samples.
€ Suitable for high-throuput testing and automation.

f Provides viral load information.

High-risk types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 68, 73, 82

Low-risk types: 6, 11, 40, 42, 43, 44, 54, 61, 70, 72,
81, CP6108

Potentially high-risk types: 26, 53, 66

Figure 1

high sensitivity. Often only the high-risk cocktail is
used, which reduces time and cost. The US Food and
Drug Administration recommended the cutoff value
for test-positive results to be 1.0 RLU (equivalent to
1 pg of HPV DNA per 1 mL of sampling buffer).

2.2. PCR-based assays for HPV detection and
typing

PCR can theoretically produce one billion copies
from a single double-stranded DNA molecule after
30 cycles of amplification. Therefore, care must be

taken to avoid false-positive results derived from
cross-contaminated specimens or reagents. Several
procedures are available to avoid this problem while
using PCR protocols for HPV DNA detection [1]. The
sensitivity and specificity of PCR-based methods can
vary, depending mainly on the primers set; the size
of the PCR product; reaction conditions and perfor-
mance of the DNA polymerase used in the reaction;
the spectrum of HPV types amplified and ability to
detect multiple types; and availability of a type-
specific assay. With the latter, very high sensitivities
and specificities can be achieved, though detection
of a wide spectrum of HPV types has been the pre-
ferred tool to generate the attributed disease risk
by HPV types (Figure 2).

The most widely used PCR protocols employ con-
sensus primers that have the potential to detect all
mucosal HPV types, and therefore are directed to a
highly conserved region of the L1 gene. Among these
are the single pair of consensus primers GP5/6 and
its extended version GP5+/6+ [7], and the MY09/11
pair of degenerate primers and its modified ver-
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Consensus PCR

Hybrid Capture hc2

Based on target amplification (care must be
taken to avoid contamination)

Type distinction; Primer-dependent
amplification of certain HPV-types
Discriminate between multiple infections
Can be done with crude samples

Target is hybridized to HPV specific probes
Does not require amplification of target to
be highly sensitive

HPV distinction by group; cannot
discriminate between multiple infections or
novel types

Highly reproducible when reagents and references are provided
Different read-out systems available; easy interpretation
Suitable for automation and high throughput analysis
Samples can be taken in different media
Provide viral load information

Figure 2

sion, PGMY09/11 [6]. Full distinction of more than
40 types can be achieved by hybridization with type-
specific probes, which can be performed in different
formats, and restriction fragment length polymor-
phism analysis by gel electrophoresis, dot blot hy-
bridization, line strip assays and microtiter plates,
which are amenable to automation (reviewed in [1]
and [6]). Recent developments include the Amplicor
Human Papillomavirus test kit (Roche Diagnostics,
Calif, USA) designed to amplify with nondegener-
ate primers a short fragment (170 bp) of the L1
gene of 13 high-risk genotypes. A PCR-based linear
array HPV product, which exploits the pGMY09/11
amplification system and is capable of identifying
37 HPV genotypes, including all high- and low-risk
genotypes in the human anogenital region, is under
development. Another pair of consensus primers is
available that amplifies a smaller fragment of the
L1 gene (65 bp, compared with 150 bp for the GP
primers and 450 bp for MY09/11). This short PCR
fragment (SPF)-PCR is designed to discriminate a
broad spectrum of HPV types in an enzyme-linked
immunosorbent assay format or reverse line blot hy-
bridization (line probe assay) [8]. Tests that rely
on shorter fragments of the viral genome are con-
sidered to be more sensitive and usable for less-
preserved specimens. The SPF and GP5+/6+ sys-
tems are widely used in epidemiological studies and
have been adapted to formats amenable for high-
throughput testing.

Recently, PCR protocols based on a 5-exo-
nuclease assay and real-time detection of the ac-
cumulation of fluorescence were developed and
named real-time PCR. Compared with other assays
such as Hybrid Capture, real-time PCR is considered
to be an accurate method of estimating viral load,
while controlling for variation in the sample's cel-
lular content by quantification of a nuclear gene.
Several studies have shown the risk of developing

cervical neoplasia to be associated with higher copy
numbers of different HPV types [9—11]. However,
inherent differences in the various assays available
to determine viral load could obscure the interpre-
tation and clinical relevance of the results obtained.
Further studies to evaluate the clinical relevance of
viral load are warranted.

Testing for the presence of more than 1 HPV type
in the biologic specimen is preferentially done by
PCR-based methods, since the Hybrid Capture as-
say hc2 does not discriminate between HPV types.
In general, it seems that PCR systems using multiple
primers such as PGMY09/11 and SPF-PCR are more
robust to detect multiple infections than systems
using single consensus primers such as GP5+/6+. This
may especially be true in cases of mixed infections
where one type is present in large amounts. Given
that more accurate tools, such as the reverse line
blot assays, have been developed for identifying
multiple infections, it would be worth establishing
whether the presence of multiple infections and le-
sions would be a useful marker for persistent infec-
tion and disease onset or progression.

Lately, HPV RNA has been considered an impor-
tant target for molecular diagnosis of HPV infec-
tions. Unlike HPV DNA assays that detect only the
presence of viral genomes, testing for viral RNA
aims to evaluate the HPV genome expression (and
hence viral activity in the infected cells). This is
important when aiming to identify clinically rele-
vant HPV infections. HPV-16 E6 and E7 transcripts
can be detected with high sensitivity in clinical
specimens by using PCR-based methodologies in-
cluding reverse transcriptase PCR (RT-PCR), quan-
titative RT-PCR, and real-time PCR. Recent studies
have shown that testing for E6/E7 transcripts of HPV
types 16, 18, 31, 33, and 45 with a RNA-based real-
time, nucleic acid sequence-based amplification as-
say (NASBA) (PreTect HPV-Proofer; Norchip, West-
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fjorden, Norway), was more specific than HPV DNA
detection by PCR with GP5+/6+ consensus primers in
detecting high-grade cervical disease [12]. Another
important application for HPV RNA studies has been
suggested by Klaes and colleagues [13], who devised
a method, the amplification of papillomavirus onco-
gene transcripts (APOT), to differentiate between
episomal and integrated HPV oncogene transcripts.
The rationale behind this method is that, in cervical
cancers, HPV genomes are often integrated into the
host chromosomes whereas in normal and premalig-
nant tissues, viral DNA is usually kept as episomes.
Using this assay, these investigators were able to
show a strong correlation between detection of in-
tegrated, high-risk HPV transcripts and presence of
high-grade cervical neoplasia [13]. The main prob-
lem with these techniques, however, is that RNA is
a much more labile molecule that DNA, and there-
fore less available in most biologic specimens, de-
pending on the time and type of storage condi-
tions. For that reason, there is great interest in col-
lection media capable of preserving both DNA and
RNA molecules. These collection media can contain
methanol, shown to preserve both cell morphology
and the integrity of DNA, RNA, and proteins [1].

In general, there is good to excellent agree-
ment rates between tests performed with the Hy-
brid Capture assay hc2, and with generic PCR us-
ing MY09/11 and GP5+/6+ systems. However, cau-
tion should be used when interpreting results ob-
tained with different methodologies, because the
assays differ in their ability to detect different HPV
types, both in single and multiple infections. Several
robust HPV tests are available, but validated proto-
cols, reagents, and reference samples should also
be available to ensure the best test performance in
different settings [14]. An alternative based on the
microarray technology is being exploited. HPV type-
specific oligonucleotides are spotted on a glass chip.
DNA obtained from the biologic specimen is submit-
ted to a standard PCR in the presence of fluores-
ceinated nucleotides (Cy5 or Cy3), with primers for
both the B-globin (PC03/04) and the L1 region of
several HPV types. Randomly labeled PCR products
are then hybridized onto the chip, which is then
scanned by laser fluorescence. In the case of mul-
tiple infections, multiple hybridization signals can
be seen. The utility and viability of this method re-
mains to be demonstrated.

Although the analytic sensitivities of some HPV
detection assays can be very high, and therefore
valuable to address the burden of HPV infections
epidemiologically, its corresponding clinical signif-
icance is not so evident [15]. This is because HPV
infections may not persist and therefore may not
lead to clinically relevant disease. Approaches to

increase the clinical sensitivity of HPV assays are
being considered. These include (1) testing only
for the clinically relevant, high-risk HPV types; (2)
adding a viral load measure; (3) testing for high-risk
HPV E6 and E7 transcripts; and (4) the natural his-
tory of HPV infections.

3. Clinical utility of HPV testing

Anogenital HPV infections are very common in
young, sexually active populations [16]. In some
studies, up to 70% of college-aged women are
found to be HPV DNA positive [16,17]. Fortunately,
most HPV infections in young women are transient,
[16,18—20], and it is only the small proportion of
women who become persistently infected with high-
risk types of HPV who are at risk for the subse-
quent development of cervical intraepithelial neo-
plasia (CIN) 2/3 or cervical cancer. Therefore, if
HPV DNA testing is to prove useful for primary cer-
vical cancer screening, strategies need to be devel-
oped that avoid identifying large numbers of women
with transient infections and focus on identifying
those women with persistent infection. Transient
HPV infections are much less common in women
older than 30 years than among younger women,
and the HPV DNA positivity rate drops considerably
after the age of 30 years. Therefore, one of the easi-
est ways not to identify large numbers of transiently
infected women is to restrict screening to women
aged 30 years or older. This is not a disadvantage for
most developing countries that lack the resources to
screen young women. Numerous cost-effectiveness
studies have clearly shown that, in settings where
only 1 to 3 screens can be performed in a woman's
lifetime, that screening should not be initiated be-
fore the age of 30 to 35 years.

HPV DNA testing has advantages as a screening
test compared with cytologic evaluation or visual
inspection of the cervix. The first advantage is its
higher sensitivity, and a high sensitivity is partic-
ularly important in settings where women will be
screened only once or twice in their lifetimes. The
second is that HPV DNA testing not only identifies
women with cervical disease but also those who are
at risk for developing cervical neoplasia within the
next 3 to 10 years [21]. This is particularly important
for developing countries that might not have suffi-
cient resources to screen all women at 5- to 10-year
intervals, but might have the resources to screen
at more frequent intervals a small subset of high-
risk, HPV DNA-positive women. The final advantage
of HPV DNA testing is that the interpretation of the
test is objective and does not have the inherent sub-
jectivity of visual screening methods or cervical cy-
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tologic assessment. HPV DNA testing could be incor-
porated into screening programs in different ways,
as described below.

4. HPV DNA testing as a primary screening
test

A number of cross-sectional studies have evaluated
the use of HPV DNA testing as a primary screening
test. These studies have included significant num-
bers of women and have been conducted in areas of
the world with a high prevalence of cervical cancer.
Compared with cytologic evaluation, HPV DNA test-
ing for high-risk types of HPV showed a consistently
higher sensitivity for the detection of CIN 2/3 or
greater in these studies, but it showed a somewhat
lower specificity. Table 2 summarizes the findings
from 4 relatively large cross-sectional studies that
compared HPV DNA testing and cervical cytology.

In the context of screening, good sensitivity (i.e.,
the ability of the test to detect the condition of
interest in all the women who have it) has to be
balanced against the test's specificity. Specificity
is particularly important in cervical cancer screen-
ing because screening involves large numbers of
otherwise healthy women, and positive results re-
quire a follow-up colposcopic evaluation that is
both uncomfortable and costly. Specificity takes on
added importance in low-resource settings where
colposcopy is not available, and all women who are
classified as screen-positive would be treated in a
“screen and treat” approach.

In a review of 14 studies, the average sensitivity
and specificity of cytologic testing was 60% and 95%,
respectively, while the corresponding estimates for
HPV DNA testing were 85% and 84% [27]. On average,
the sensitivity of HPV DNA testing is 27% higher than
that of cytology in absolute terms, and its specificity
is 8.4% lower. The performance of HPV DNA testing
in women older than 30 years, however, was signifi-
cantly better, with the average sensitivity and speci-
ficity increasing to 89% and 90%. In addition, testing
for high-risk types of HPV DNA has a very high nega-

tive predictive value (NPV), that is, the likelihood of
having no disease if the HPV DNA test is negative. In
a number of cross-sectional studies in different pop-
ulations and age groups, the NPV of HPV DNA testing
was consistently greater than 97% using either the
Hybrid Capture assay hc2 or PCR-based assays, with
most studies reporting values greater than 99% and
some reporting 100% [26].

The high NPV for high-risk types of HPV has im-
portant implications for screening programs. First,
screening intervals may be significantly increased in
women older than 30 years who have tested neg-
ative for high-risk HPV DNA, as the risk of these
women developing cervical cancer over a 5- to 8-
year period is negligible. When combining HPV DNA
testing with cytologic testing, women who test neg-
ative with both methods may receive a very high
level of reassurance that they will not be at risk for
cervical cancer for a long time. Large cohort stud-
ies are showing that women with HPV DNA-negative
cervical smears are at a very low risk for CIN 3 or
cancer. The same is not true for women with HPV
DNA-positive smears for high-risk types and/or a cy-
tologic result of asymptomatic squamous cells of un-
known significance (ASC-US) or higher in the classi-
fication [27,28].

The results of cytologic evaluation and HPV DNA
testing will be negative in most screened women.
This will be true for at least 80% of screened women,
particularly in developed countries where high-risk
HPV DNA is detected in less than 15% of women older
than 30 years — in as few as 4% in some studies.
In developing countries, rates of HPV DNA positivity
in women older than 30 years appear to be higher,
reaching 22% in a number of studies [24].

Another option is to use cytologic assessment
to triage women who test positive for HPV DNA.
Women found to be HPV positive, but with a neg-
ative or ASC-US cytologic result, could be safely
managed with repeated testing 12 months later
[28]. Owing to the 20% or so greater sensitivity of
HPV testing, this approach would improve detection
rates of high-grade cervical cancer precursors with-
out increasing the colposcopy referral rate.

Table 2 Performance of the Digene Hybrid Capture assay, version hc2, and cervical cytologic testing for
screening women aged 30 years and older in cross-sectional studies *

Country No. of study Sensitivity, % Specificity, %
participants Cytologic testing HPV DNA testing Cytologic testing HPV DNA testing
Mexico [22] 6115 57 94 99 94
Costa Rica [23] 6176 80 86 95 94
South Africa [24] 2925 74 84 88 82
Germany [25] 8466 98 37 95 99

*Digene Hybrid Capture assay, version hc2; Digene, Gaithersburg, MD, USA.
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A concept similar to the one described above,
known as 2-stage screening, was investigated in a
South African study [29]. The concept evaluated
was to screen women with a relatively nonspecific
screening test (such as visual inspection or HPV test-
ing). Only women with an initial positive test would
be re-screened with a second test. Women would be
referred for further evaluation (or, in a low-resource
setting, for treatment) only if the results of both
tests were positive. In a cross-sectional study of
2944 previously unscreened women aged between
35 and 65 years and using the first-generation Hy-
brid Capture assay (now referred to as hc1), screen-
ing women first for HPV DNA, and performing a cyto-
logic evaluation only in those found to be HPV pos-
itive, resulted in a sensitivity, specificity, and NPV
for HSIL and cancer of 68%, 97%, and 99%, respec-
tively. In addition, the percentage of women re-
ferred for further investigation was dramatically re-
duced, from 16% for HPV testing used alone to 5%
when used in a 2-stage screening algorithm.

Another aspect of HPV DNA testing is the low
specificity of the test, which results in relatively
large numbers of women with a positive test re-
sult without having cytologic or histologic evidence
of disease. These women, however, are at a signifi-
cantly higher risk of developing cervical cancer pre-
cursors and need more intensive surveillance. Castle
and colleagues [30] analyzed a subcohort of 2020
women with negative results on cytologic evalua-
tion but positive results with the Hybrid Capture
hc2 assay who were followed up for a period of 57
months. These authors found that an abnormal cer-
vical smear was found in 15% of these women within
5 years. Koutsky and colleagues [21] followed up for
25 months a group of 241 women who originally had
normal cytologic results. The cumulative incidence
of biopsy-confirmed, high-grade cancer precursors
among the HPV-positive women in this group was
28% at 2 years, compared with 3% among those who
were HIV-negative. These findings suggest that, over
time, the specificity of HPV DNA testing increases
significantly, and that HPV DNA testing identifies a
group of women who require closer surveillance.

In addition, the low specificity of HPV DNA test-
ing could be addressed by either limiting the types
of HPV DNA detected in the assay or by raising the
threshold for the definition of a positive test. Us-
ing the Hybrid Capture hc2 for HPV DNA testing in
a group of women aged 35 years and older, Cuz-
ick and coworkers [28] obtained a sensitivity higher
than 95.5% using a cut-off level for a positive test of
4pg/mL. With cutoff values of 1pg/mL and 2 pg/mL,
referral rates for colposcopy were 6.8% and 4.2%,
respectively.

5. HPV DNA testing of self-collected vaginal
samples

Wright et al. [31] published data on supervised self-
testing for high-risk types of HPV DNA in a South
African cohort of women. In self-collected vagi-
nal samples the sensitivity of HPV DNA testing for
CIN 2/3 or cancer was 66% (95% confidence inter-
val [CI], 52-78%). This result was equivalent to
that obtained with the conventional cervical smear
when the detection of low-grade squamous intra-
epithelial lesions (LSILs) or higher was defined as
a positive test result (61%; 95% Cl, 47—-73%; P =
0.58). In contrast, the sensitivity of HPV DNA test-
ing from clinician-obtained samples was 84% (95%
Cl, 71-92%), which was significantly higher than the
sensitivity of a conventional cervical smear and of a
sample self-collected for HPV DNA testing.

Belinson and coworkers [32] compared the sen-
sitivity of self-sampling for HPV DNA testing with
direct sampling from the cervix and liquid-based
cytology (LBC) in 8497 women in Shanxi Province,
China. Sensitivity for the detection of CIN 2 lesions
or greater was 87.5% for self-sampling, 96.8% for di-
rect sampling, and 88.3% for LBC if the cutoff for a
positive test was defined as ASC-US or greater.

These data suggest that, in settings where cy-
tologic screening is not available or where women
are reluctant to undergo a gynecologic examination,
HPV DNA testing from self-collected samples may
be useful for identifying women at risk for cervi-
cal disease. The limitations of this approach, how-
ever, need to be appreciated, particularly the lower
sensitivity for high-grade lesions compared with a
clinician-obtained sample, and the lower specificity
than that reached with cytologic assessment in some
studies.

6. HPV DNA testing in the triage of
equivocal (ASC-US) or low-grade (LSIL)
cytologic findings

The first formally accepted clinical use of HPV DNA
testing by the US Food and Drug administration
(FDA) was for the triage of women found to have
ASC-US. The issue raised by low-grade cytologic
findings (ASC-US or LSIL) is that a number of
studies have shown that, in 5% to 20% of cases,
women with such findings may harbor undetected
high-grade lesions. The optimum management of
women with low-grade cytologic findings has thus
been controversial, and options have included
immediate colposcopy or repeated cytologic assess-
ment at 6- to 12-month intervals. But both options
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require repeated clinic visits and may cause women
considerable anxiety.

The ASCUS/LSIL Triage Study (ALTS) trial is a
large, multisite, randomized trial specifically de-
signed to evaluate 3 methods of managing women
with cytologic findings of ASC-US and LSIL [34]. The
3 methods compared were (1) immediate colpo-
scopic examination for all women; (2) HPV testing
and referral for colposcopy if the HPV test result
was positive; and (3) repeated cytologic assessment
with referral for colposcopy if the smear showed the
presence of HSIL. Approximately 80% of the women
who had a cytologic diagnosis of LSIL were found
to harbor HPV DNA. The high rate of HPV positivity
among women found to have LSIL on cytologic eval-
uation significantly undermined the ability of HPV
testing to discriminate between clinically nonsignif-
icant cytologic abnormalities and abnormalities rep-
resenting true cervical cancer precursors [34]. The
study concluded that HPV testing was not of value
in the management women found to have LSIL on
cytologic evaluation, and the American Society for
Colposcopy and Cervical Pathology (ASCCP) recom-
mend that these women undergo colposcopy instead
of HPV testing [35].

With regard to the management of women found
to have ASC-US on cytologic evaluation [34], the
ALTS trial found that HPV testing detected 96.3% of
women with previously undiagnosed CIN 3 or can-
cer and resulted in the referral of only 56.1% of
women for colposcopy. This would significantly re-
duce the number of women requiring colposcopy,
particularly if the management strategy is to per-
form colposcopy on all women found to have ASC-US
on cytologic evaluation.

Consensus management guidelines for the follow-
up of women with ASC-US developed under the
sponsorship of the ASCCP include repeated cytologic
assessment, immediate colposcopy, and HPV testing
as options. However, if LBC was used for the ini-
tial cervical smear, then reflex HPV testing (that is,
using the residual fluid in the LBC sample for HPV
testing if the cytologic diagnosis is ASC-US) is the
preferred option, as it makes a second clinic visit
unnecessary [36].

7. HPV DNA testing for follow-up post
treatment

Ablative or excisional techniques for the treatment
of cervical cancer precursors are generally reported
to be very effective, with more than 90% of “cure
rates” reported. However, in approximately 5% to
15% of cases, the precursor lesions will persist or re-
cur, requiring close follow-up and re-treatment once

lesions have been identified again [37]. In addition,
treated women remain at increased risk of cervical
cancer for at least 8 years compared with the gen-
eral female population [38]. Traditionally, a com-
bination of cytologic and colposcopic assessments
has been used to follow up women post-treatment.
Based on the fact that without detectable HPV
the likelihood of post-treatment persistence or re-
currence of disease is negligible, HPV DNA testing
has recently been investigated as an alternative to
these 2 diagnostic modalities for the detection of
persistent or recurrent disease. After combining the
results of 10 studies of post-treatment HPV testing,
Lorincz [39] estimated the sensitivity, specificity,
and NPV of HPV testing for the post-treatment de-
tection of CIN 2/3 to be 96.5%, 77.3%, and 98.8%,
respectively. Many of these studies had different de-
signs and histologic confirmation of disease was of-
ten not available.

Paraskevaidis and associates [40], on the other
hand, reported on 123 women who underwent
both HPV and cytologic testing post treatment and
showed the sensitivity of cytologic testing to be
48.8%, compared with 92.7% for HPV testing. The
same investigators [41] also reported on 11 other
published studies on the use of HPV testing after
conservative treatment for CIN — i.e., excision of
the transformation zone. Eight of the studies were
prospective, and treatment was considered a suc-
cess in 75.3% and a failure in 24.7% of the 900
women involved. While there was marked hetero-
geneity among the studies, this systematic review
found that the sensitivity of HPV testing for detect-
ing treatment failures reached 100% in 4 studies, but
only 47% to 67% in 2 studies. The specificity of HPV
DNA testing ranged from 44% to 95%.

The information gathered so far suggests HPV
testing may be significantly more reliable that col-
poscopy and cytology, and the findings obtained
from these 10 small studies, with short follow-up
periods, warrant further study of HPV testing in this
context.

8. Impact of infection with HIV on the
utility of HPV testing as a screening test

Numerous studies have shown that the prevalence
and incidence of cytologically detected SIL, biopsy-
confirmed CIN, and infection of the cervix with HPV
are significantly more common in HIV-infected than
in HIV-uninfected women. In addition, there is ev-
idence that in HIV-infected women HPV infection
is not only more common, but more likely to be
persistent and more likely to include multiple viral
types. Thus, cervical pathology is common in HIV-
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infected women, and the development of a rational
approach to screening and the subsequent manage-
ment of cervical disease is important. Hence, re-
search is ongoing with HIV positive women treated
and not treated with antiretroviral therapy.

9. Conclusion

There are data supporting the use of HPV DNA test-
ing as a viable alternative to cytologic screening,
and this is particularly important for countries that
have not begun to invest resources and effort in
the development of cytology-based screening pro-
grams. Prior to the widespread introduction of HPV
DNA testing into clinical practice and for primary
screening, a number of issues need to be addressed,
including its low specificity and its high prevalence
in young sexually active individuals. Currently, the
cost of the most widely utilized HPV test, the Di-
gene Hybrid Capture assay hc2, is beyond the reach
of most of the countries that have not established
cytology-based screening programs, but efforts are
being made to develop a more affordable HPV DNA
test.
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