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Human papillomavirus detection by hybrid
capture and its possible clinical use

A Farthing, P Masterson, W P Mason, K H Vousden

Abstract
Aims-To determine the sensitivity ofthe
hybrid capture method for human papil-
lomavirus (HPV) detection and potential
clinical uses as a screening method for
the identification of cervical intra-
epithelial neoplasia.
Methods-The presence of oncogenic
types of HPV was tested for in samples
taken from the cervix at colposcopy, and
compared with detection by polymerase
chain reaction (PCR) in 60 patients. Both
sets of results were corrected with the
pathology determined by biopsy and
smear cytology.
Results-Hybrid capture detection
showed 86% agreement with PCR. Eighty
three percent of CIN 3 lesions, 62% of
CIN 2, 59% of CIN 1 and 21% of normal
controls were positive for oncogenic HPV
types.
Conclusion-The hybrid capture detec-
tion method is reliable, sensitive, and
easy to use. The addition of HPV testing
to cytological screening would detect a

greater proportion of cervical dysplasia
with a higher false positive rate.
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The association between cervical cancer and
the presence of human papillomavirus (HPV)
has been well established.'2 About 90% of
cervical malignancies contain HPV compared
with 10% of the normal population.3 There
are in excess of 60 different HPV types only
some of which are associated with genital
lesions. Types 6, 11, 42, 43 and 44 occur in
benign genital warts; types 16, 18, 31, 33 and
others are found in cervical cancers.4 The latter
"high risk" or oncogenic group can also
immortalise human epithelial keratinocytes in
culture and cause them to behave like cells
from cervical intraepithelial neoplasia (CIN).5
Untreated CIN 3 progresses to invasive can-

cer in 36% of cases over 20 years,6 and these
lesions frequently contain HPV. In a previous
representative series 77% of CIN 2 or 3
lesions contained high risk HPV types.'

Certain HPV types have a strong associa-
tion with, and probably a causative role in, the
pathogenesis of premalignant cervical lesions.
Therefore, detection of this virus could help
to identify early and eradicate CIN, thereby
decreasing the rate of invasive cancer. A
recent study set in a sexually transmitted dis-

ease clinic identified a group of women who
had no cytological cervical abnormality but
were HPV positive.7 Within two years 28%
had developed CIN 2 or 3 compared with 3%
of controls. The highest risk was associated
with HPV 16. Screening by cervical cytology
alone has limitations with a false negative rate
estimated at nearly 2O%.8 Mild dyskaryosis
can also conceal an underlying lesion of CIN
2 or 3 in up to 50%9 and Cuzick et alt" have
suggested that the presence of intermediate or
high amounts of HPV 16 are associated with
these lesions. There could be advantages if
cytology were replaced with or supplemented
by HPV testing.

Because serological analyses are not
available, HPV is detected by identifying the
presence of its DNA in a specimen.
Histological features suggestive ofHPV are an
extremly poor predictor of the presence of
DNA. Various techniques have been
established which are more sensitive and
reliable methods of HPV detection. In situ
hybridisation involves the probing of histo-
logical samples and visualising the stained
nuclei which contain HPV under microscopic
vision. This is relatively inaccurate and has
been superseded by molecular biological
methods. Southern hybridisation detects HPV
down to about 5000 copies per sample and is
still regarded as the standard reference
method." However, its widespread applica-
tion is limited because it is time consuming,
can be technically difficult, and often relies on
the use of 32p radiolabelled probes and the
subjectivity of autoradiographic interpre-
tation. Virapap and viratype dot blot methods
have proved accurate but also rely on radio-
active isotopes. The polymerase chain reac-
tion (PCR) is the most sensitive method
involving amplification of the DNA before
detection either on an agarose gel or Southern
blot. This will detect as little as 10 copies per
sample. However, the risks of amplifying
contaminating HPV DNA and obtaining false
positive results are substantial. Although
many current studies have used PCR, this
drawback could preclude the use of the
technique on any large scale for clinical
purposes. The hybrid capture viratype test
(Digene Diagnostics, Silver Spring,
Maryland, USA) has been developed as a sim-
ple non-radioactive method that is sensitive
for detecting HPV. Agreement between this
method and Southern hybridisation is 90%
(Impraim C, abstract presented at 92nd
General meeting of the American Society of
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Microbiology, 1992). The purpose of this
study was to evaluate the test for possible fur-
ther widespread use.

Methods
Two hundreds colposcopic examinations
were performed on 162 consecutive patients
by one clinician (AF). The cohort was a mix
of 73 new referrals, 27 patients undergoing
treatment by large loop excision of the trans-
formation zone, and 100 being followed up,
including those treated before. At the begin-
ning of each examination a cytological smear,
including an endocervical brush, was taken
under direct colposcopic vision and sent for
routine testing. The "viratype" swab was used
to collect desquamated cells from the ecto-
cervix and transformation zone and placed in
transport medium. This was stored at -20°C
until analysis. A routine colposcopic examina-
tion was then performed taking directed
biopsy specimens from areas of abnormality.
These were sent for routine histological exam-
ination.

In 60 unselected consecutive patients
samples were also obtained for the detection
of HPV by PCR. After the routine cytological
smear had been taken the spatula was passed
over the cervix again and the cells collected by
shaking them into phosphate buffered saline.
A detailed methodology for the hybrid cap-

ture technique has already been described
(Impraim C, abstract presented at General
Meeting of the American Society of
Microbiology, 1992). In this study we only
used the kit probe which detects the onco-
genic types of HPV. It recognises a consensus
region of types 16, 18, 31, 33, 35, 45, 51, 52
and 56. Briefly, the DNA from the lysed cells is
denatured and an RNA probe added which
binds to the single stranded HPV DNA. This
hybrid is then captured by an antibody coat-
ing the inside of a tube. Addition of an alka-
line phosphatase conjugate causes a
chemoluminescent reaction, the intensity of
which can be measured. A result was regarded
as positive if the numerical chemoluminescent

Table 1 Correlation between hybrid capture and PCR

Hybrid capture PCR positive PCR negative Total

Positive 12 5 17
Negative 3 35 38
Total 15 40 55

Sensitivity 17/20 (85%); specificity 35/40 (87%); agreement
47/55 (86%).

Table 2 Correlation between HPVstatus, cytology and biopsy results

Cytology
Biopsy HPV
result positive Action Recall Negative Cytology +HPV

CIN 3 20/24 (83%) 24/24 0/24 0/24 24/24 (100%)
CIN 2 10/16 (62%) 7/16 3/16 6/16 11/16 (69%)
CIN 1 10/17 (59%) 5/17 6/17 6/17 11/17 (65%)
Normal 12/38 (32%) 1/38 11/38 25/38 22/107 (21%)
No biopsy 9/69 (16%) 2/69 3/69 66/73

Cytology is divided into Action (severe or moderate dyskaryosis), Recall (mild or borderline
dyskaryosis), or Negative (normal smear). No biopsy specimen was taken if the colposcopy was
normal.

reading from the sample was greater than one
multiple of the positive control.
The material and methods used in the PCR

reactions have been described elsewhere.12
Consensus primers which recognise the LI
region ofHPV types 6, 11, 16, 18, 31, 33, 42,
45 and other uncharacterised HPV types were
used in a 100 pl PCR reaction for 35 cycles at
92°C for one minute, 55°C for one minute,
and 72°C for one minute. Primers amplifying a
256 base pair fragment of thef, globin gene
were also included in the reaction as an inter-
nal standard. A 1 in 10 dilution of the reaction
was run on a 1% agarose gel and DNA
detected under ultraviolet light. All samples
where DNA has been successfully extracted
should have the f globin band and those posi-
tive for HPV an additional one at 450 base
pairs. The DNA was transferred to a nitrocel-
lulose membrane using Southern blotting and
specific HPV types detected with biotinylated
probes using the enhanced chemolumines-
cence (ECL) detection system. Each mem-
brane was used in separate reactions to detect
types 6 or 11, 16 alone, 18 alone, and 31, 33,
or 35.
HPV detection rates by hybrid capture

were compared with the histological and cyto-
logical results and the PCR method. All com-
parisons were performed on samples taken at
the same visit.

Results
The comparison ofhybrid capture and PCR is
shown in table 1. (3 globin was amplified in 55
of the 60 PCR samples. There was overall
agreement on the HPV reaction in 47 of 55
(86%). The hybrid capture detected more
positive samples (17 to 15) in this study and
was negative in only three cases where PCR
was positive.

Having shown that there was good correla-
tion between these two methods of HPV
detection, the results of the hybrid capture
system were further analysed with regard to
the cervical pathology. HPV testing, cytology,
and, where indicated, colposcopic directed
biopsy were performed on each patient. The
biopsy result was used as the reference for
comparison of the two screening methods
shown in table 2. An HPV reaction is positive
if the chemoluminescence is greater than one
multiple of the positive control. The smear
reports are divided according to present policy
in our region. Action is required if moderate
or severe dyskaryosis is present; mild
dyskaryosis is labelled recall and a normal
smear as negative. Samples reported showing
histological atypia, dysplasia of unknown
grade, or patients who were either pregnant or
returning for treatment of a lesion already
analysed were excluded from this table, leav-
ing 169 samples.
The oncogenic types ofHPV were detected

in 83% of CIN 3, 62% of CIN 2, and 59% of
CIN 1 lesions. In those patients with a normal
biopsy specimen HPV was detected only in
32%. A biopsy specimen was not taken if the
cervix was colposcopically normal.
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All CIN 3 lesions in this group would have
been detected by positive cytology. However,
this applies to only seven of 16 (44%) of CIN
2 lesions. In fact six of 17 (35%) of these had a
normal smear and would have been reassured
that further cytological examination was not
necessary for three years if they had been
screened in the community. Similar figures
apply to the detection of CIN 1 by smear.

If HPV detection was to be used as a
screening test instead of cytology in this series
it would only have detected 83% of CIN 3
and 62% of CIN 2 lesions while regarding as
abnormal 21% ofwomen with a normal cervix
(determined by biopsy or colposcopy).

This assay is quantitative and the values
obtained varied between 1 1 and 212 multi-
ples of the positive control. There was no cor-
relation in this study between the amount of
HPV detected and the underlying pathology.
CIN 3 mean 29 6 (SD 45), CIN 2 mean 23-1
(SD 35), CIN 1 mean 409 (SD 58) and nor-
mal controls mean 20-6 (SD 26).

Interestingly, of eight women who had
HPV before treatment and returned for follow
up during the trial, seven (87%) were subse-
quently HPV negative. The only patient who
remained positive had residual disease in the
endocervix.
Of 22 patients with a smear reported as

mild dyskaryosis, 13 (59%) were positive for
HPV, with four showing a high grade under-
lying lesion, three (75%) of which were posi-
tive for HPV DNA by hybrid capture.

Discussion
The results of this study confirm that the
hybrid capture assay detects oncogenic types
of HPV in most dysplastic cervical lesions.
The higher the grade of histological abnor-
mality, the more likely it is to contain HPV.
The assay seems to be at least as sensitive as
PCR in the sample population investigated.
The entire procedure takes six hours of which
four are needed for either incubation or
hybridisation steps. It is a simple technique
which could be readily automated for large
scale use if required. As there is no amplifica-
tion of DNA there is little risk of contamina-
tion giving a false positive result. The
chemoluminescence reading is set against a
standard positive control solution and the dig-
ital readout is then quantitative removing the
inaccuracy of subjective interpretation. One
drawback, however, is the lack of an internal
standard which indicates an adequate sample
has been obtained. This was highlighted in
our study because, of the four patients with
CIN 3 who had no HPV detected on their ini-
tial visit, two were positive when they
returned for treatment. This suggests that
insufficient cells from the appropriate part of
the cervix were obtained the first time. It may
also explain the cases which were positive by
PCR but negative by hybrid capture. Some
cases were surprisingly positive by the hybrid
capture method but negative by PCR. These
were possibly due to the lack of conservation
of part of the LI region of the HPV genome

which may occur in HPV positive cervical car-
cinoma.
The hybrid capture kit also allows non-

oncogenic types of HPV to be detected with a
probe which identifies types 6, 11, 42, 43 and
44 but as these types are less frequently associ-
ated with cervical dysplasia we omitted to test
for them.

This cohort of women was being referred,
or had been treated for cervical abnormality,
and therefore are not fully representative of
the general population. However, certain con-
clusions on the merits of cytology with HPV
testing as a screening procedure can be drawn
which are consistent with previous reports.'3 A
combination of the two tests detected a
greater proportion of high grade dysplasia
than either method alone, particularly for
CIN 2 which was poorly detected by cytology.
This improvement is weighed against the
large number of false positive results which, if
referred for colposcopy, would further over-
load an already burdened system. However,
as most false positive results are due to HPV
infection, reducing the number of HPV types
the test detects will probably increase speci-
ficity. Further work is required to determine
the best combination for good sensitivity and
specificity.
The observation that all the HPV positive

women adequately treated were subsequently
HPV negative carries implications for future
follow up. Cytology without colposcopy has
been proved to be inadequate in the immediate
follow up of treated patients.'4 Any reliable
alternative to colposcopy would, however,
allow resources to be concentrated on appro-
priately referred new patients. More extensive
study is required to determine whether HPV
testing with or without cytology will fulfil the
criteria.

Although numbers were small, this study
confirms that high grade cervical lesions
reported as showing mild dyskaryosis are
more likely to be positive for oncogenic types
of HPV.
The ultimate aim of cervical screening is to

prevent cervical cancer and further studies are
required to determine whether the addition of
HPV testing will achieve this. Some types of
HPV, such as HPV 31, are found relatively
frequently in CIN 3 but are rarely seen in
cancer. This may in part explain why not all
CIN 3 progresses to invasive disease. But
HPV typing may help to determine which
CIN lesions pose the greatest risk. With an
increased risk of premature delivery shown
even after laser conisation,'5 more specific
identification of the lesions requiring treat-
ment is highly desirable.

For HPV detection hybrid capture is easier
and more suited to widespread use than PCR,
but the benefits of this as a screening method
with increased GIN detection are at present
outweighed by the large number of false posi-
tive results for underlying pathology.
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