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Abstract
Aims—To investigate the distribution and
viral load of the most prevalent high risk
human papillomavirus (HPV) types 16,
18, 31, 33, and 45 and low risk HPV types 6
and 11 in a variety of cervical lesions.
Methods—One hundred and seventy six
cytological specimens from women with
diVerent cervical lesions were investi-
gated. For an accurate standardisation of
the sample, cervical cells were counted
and a volume of the cell suspension proc-
essed by polymerase chain reaction-
enzyme linked immunosorbent assay
(PCR-ELISA). Semiquantitative deter-
minations were achieved in relation to an
external reference titration curve.
Results—HPV DNA was detected in 60.2%
of the samples. HPV-16 was the prevalent
genotype (57.6%), followed by HPV-33,
HPV-31, HPV-6, HPV-18, and HPV-45.
HPV-11 was not detected. HPV-16 showed
a pronounced increase in prevalence with
the evolution of cervical disease. Semi-
quantitative evaluation of the results
showed that only HPV-16 DNA could
reach very high values (> 1000 genome
copies/cell) and a very high HPV-16 load
correlated with the severity of cervical
disease.
Conclusions—Only HPV-16 load appears
to be associated with the severity of cervi-
cal disease.
(J Clin Pathol 2001;54:377–380)
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Cancer of the female genital tract is character-
ised by a long premalignant phase, and preven-
tion of the disease has partially been achieved
by cytological screening to identify pre-
malignant lesions, which can be treated suc-
cessfully. Epidemiological and molecular bio-
logical studies have shown a causal relation
between human papillomavirus (HPV) infec-
tion and cervical neoplasia with high, interme-
diate or low oncogenic risk associated with dif-
ferent HPV genotypes.1

The association of cytological analysis with
HPV detection and typing has significantly
reduced the underestimation of histological
alterations, and provides additional infor-
mation for the follow up of patients with cyto-
morphologically abnormal cervical smears.2–4

In addition, increased DNA loads of high
risk HPVs in cervical specimens have been

proposed as a specific marker for disease, as
determined by hybrid capture assay, which dis-
criminates between high and low risk HPVs,
but cannot define the specific genotype.3 Semi-
quantitative determinations for type specific
HPV DNA have also been achieved by type
specific polymerase chain reaction (PCR)5 and
by PCR-enzyme immunoassay,6 but discordant
results have been reported mainly concerning
HPV-16 DNA load with respect to cervical
intraepithelial neoplasias (CIN) of diVerent
grades. Recently, quantitative type specific
HPV PCR assays have shown that in patients
with the same stage of disease only the amount
of HPV-16 DNA diVered significantly among
the tested high risk HPV types 16, 18, 31, and
45; the amount of DNA increased with disease
severity only for HPV-16.4

For a correct interpretation of the results this
study undertook a detailed standardisation of
the sample: cervical cells were counted and a
volume of the cell suspension was processed by
PCR-enzyme linked immunosorbent assay
(ELISA).7 The assay was used to analyse the
distribution and viral load of the most
prevalent high risk HPV types 16, 18, 31, 33,
and 45 and low risk HPV types 6 and 11 in 176
cytological specimens from immunocompetent
Italian women with diVerent cervical lesions.

Methods
CLINICAL SPECIMENS

A population of 176 Italian women with diVer-
ent cervical lesions and without underlying
immunological diseases was selected from a
larger group of women undergoing routine
screening at the department of obstetrics and
gynaecology, the University of Bologna.

Cytological atypia was diagnosed with the
Pap test performed by staV physicians of the
department of obstetrics and gynaecology
using ectocervical and endocervical specimens.
Specimens for the Pap test were evaluated
using the standard practices of the pathology
department and we accessed results from
cytology records. Cytological atypia consisted
of: atypical squamous cells of undetermined
significance (ASCUS), low squamous intra-
epithelial lesions (LSIL), and high SIL (HSIL).

All 176 women were recalled for HPV
testing and colposcopy with biopsy. Informed
consent for the study was granted.

Cytological specimens for HPV testing were
obtained as first sample by a Dracon tipped
swab from the ectocervix and posterior fornix.
One hundred and seventy six cervical scrapes
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were collected from the 176 subjects (mean
age, 38.4 years; range, 21–69). Forty four
specimens were ASCUS (mean age, 36.2 years;
range, 23–69), 43 were LSIL (mean age, 34.7
years; range, 21–51), and 89 were HSIL (mean
age, 36.1 years; range, 21–60).

Cells were suspended in phosphate buVered
saline solution (PBS), counted, aliquoted, and
cell pellets conserved at −70°C until used. All
176 clinical specimens and reference clinical
specimens were analysed by the PCR-ELISA
method. Amplified products were also visual-
ised by agarose gel electrophoresis.7

Experienced staV physicians performed col-
poscopy with biopsy. Examinations were con-
ducted without knowledge of patients’ Pap or
HPV results. To obtain consensus on the histo-
logical diagnosis, a study pathologist reviewed
the slides without knowledge of the diagnosis.
If the first two disagreed, another pathologist
reviewed the case, with no knowledge of the
preceding diagnosis. A two thirds majority
determined diagnostic consensus. In the histo-
logical diagnosis cervical lesions were grouped
as negative, CIN I, CIN II/III, and invasive
carcinoma (IC).

SAMPLE PREPARATION

Aliquots of 100 000 cells from each cytological
specimen were protease digested by incubation
at 55°C for two hours in 200 µl of digestion
buVer (50 mM KCl, 10 mM TrisHCl, pH 8.3,
0.05% Tween 20, and 400 µg/ml of proteinase
K), followed by heat inactivation at 95°C for 10
minutes. A 10 µl volume of each digested sam-
ple was then processed by PCR-ELISA.

DNA preparation of control samples was
performed as described previously.7

PCR-ELISA METHOD

Consensus primer pair MY09 and MY11 was
used in PCR amplification.8

Oligonucleotide probes specific for HPV
types 6, 11, 16, 18, 31, 33, and 45 were used in
hybridisation reactions.9 Primers GH20 and
PC04,10 which recognise a â globin gene
sequence, were used in each PCR reaction as
an amplification control, and amplified prod-
ucts were detected by the PC03 probe.

All the hybridisation probes used in the
PCR-ELISA were 5' labelled with biotin.

DNA amplification and digoxigenin label-
ling were performed in 50 µl of PCR reaction

volume containing 10 µl of each digested sam-
ple; amplified products were detected by a
hybrid capture immunoassay in microtitre
wells.7

Specificity, sensitivity controls, and the cut
oV points of the PCR-ELISA method were
performed as described previously.7

Results were expressed as net absorbance
after the absorbance of the buVer blank was
subtracted and the index value was calculated
as the optical density (OD) of the sample/OD
cut oV; an index value > 1 was considered
positive.

Semiquantitative determinations were
achieved in relation to an external reference
titration curve obtained from HeLa and CaSki
cell lysates. Cell lysates containing from 5 × 101

to 5 × 106 HPV DNA genome copies were
analysed by PCR-ELISA and the index values
determined.7

AGAROSE GEL ELECTROPHORESIS

Aliquots of 10 µl of the amplified products
were visualised on 2% agarose gels with ethid-
ium bromide staining.

Results and discussion
One hundred and seventy six cervical speci-
mens from women with diVerent cytological
atypias were analysed by PCR-ELISA. The
PCR-ELISA was able to detect and type
HPV-6, HPV-11, HPV-16, HPV-18, HPV-31,
HPV-33, and HPV-45 DNA by hybridisation
of amplified products with type specific oligo-
probes. Moreover, PCR amplified products
were visualised also by agarose gel electro-
phoresis and HPV positive samples not recog-
nised by the type specific oligoprobes could be
detected. All the 176 cervical specimens
analysed could be amplified, as shown by â
globin gene amplification control.

Of the 176 cytological specimens analysed
(table 1), 106 were HPV DNA positive
(60.2%); of the 106 HPV DNA positive speci-
mens 22 were positive by agarose gel electro-
phoresis (20.7%) but unreactive with the type
specific oligoprobes used, whereas 84 (79.2%)
HPV positive specimens could be typed by the
PCR-ELISA. Of the 84 HPV type specific
DNA positive specimens, eight showed the
concomitant presence of two diVerent geno-
types; therefore, 92 HPV DNAs could be
typed. In the ASCUS group, one specimen was

Table 1 Presence of human papillomavirus (HPV) DNA in diVerent cervical lesions as detected by PCR and visualised
by elecrophoresis and type specific oligoprobes

HPV
DNA+/TS

Untyped
HPV

HPV genotypes

HPV-16 HPV-33 HPV-31 HPV-6 HPV-18 HPV-45 HPV-11

Total specimens 106/176 22/106 53/92 14/92 12/92 7/92 3/92 3/92 0/92
(60.2%) (20.7%) (57.6%) (15.2%) (13.0%) (7.6%) (3.3%) (3.3%) (0%)

ASCUS specimens 12/44 5/12 2/8 2/8 3/8 1/8 0/8 0/8 0/8
(27.3%) (41.7%) (25.0%) (25.0%) (37.5%) (12.5%) (0%) (0%) (0%)

LSIL specimens 23/43 8/23 6/17 4/17 2/17 4/17 0/17 1/17 0/17
(53.5%) (34.8%) (35.3%) (23.5%) (11.8%) (23.5%) (0%) (5.9%) (0%)

HSIL specimens 71/89 9/71 45/67 8/67 7/67 2/67 3/67 2/67 0/67
(79.8%) (12.7%) (67.2%) (11.9%) (10.4%) (3.0%) (4.5%) (3.0%) (0%)

Untyped HPV: HPV DNA positive specimens visualised by electrophoresis but unrecognised by type specific oligoprobes.
HPV genotypes: HPV DNA positive specimens recognised by type specific oligoprobes in hybridisation assays.
ASCUS, atypical squamous cells of undetermined significance; HSIL, high risk squamous intraepithelial lesion; LSIL, low risk
squamous intraepithelial lesion; TS, tested specimens.
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positive both for HPV-16 and HPV-31; among
the LSIL group, two specimens were positive
both for HPV-6/HPV-16 and HPV-6/HPV-33
DNA; and in the HSIL group, five specimens
showed the concomitant presence of HPV-16/
HPV-31, HPV-16/HPV-33, HPV-16/HPV-45,
HPV-16/HPV-18, and HPV-31/HPV-33 DNA.
Table 1 reports the distribution of diVerent
HPV genotypes in relation to cytology.

When the prevalence was analysed in
relation to the severity of cervical lesions from
ASCUS to HSIL, the prevalence was 27.3%,
53.5%, and 79.8% respectively, increasing with
disease progression.

However, in accordance with recent data,4

the trend was mainly influenced by HPV-16,
which was the prevalent genotype (57.6%),
and showed a clear increase in prevalence with
the evolution of cervical disease from ASCUS
to HSIL: 25.0%, 35.3%, and 67.2%, respec-
tively. The prevalence of HPV-16 was signifi-
cantly higher (p < 0.01) in HSIL than in
ASCUS and LSIL. HPV-18 was detectable
only in the HSIL group with a prevalence of
4.5%. The absence of HPV-18 in low grade
cervical lesions could result from the low
prevalence of HPV-18 in the study population;
alternatively, a short premalignant phase could
be hypothesised.1 Other HPV genotypes not
recognised by the specific oligoprobes used
showed an overall prevalence of 20.7%. It is
interesting that the prevalence from ASCUS to
HSIL was 41.7%, 34.8%, and 12.7%, respec-
tively, indicating that most of the other HPV
types were poorly associated with increasing
severity of the disease.

The histological diagnosis was used for
additional data analysis. Histologically negative
specimens were present in 54.5% and 2.3% of
the ASCUS and LSIL groups, respectively. Of

the histologically negative specimens, only two
(8%) were HPV DNA positive, both in the
ASCUS group.

CIN I lesions could be detected in 31.8%
and 90.7% of the ASCUS and LSIL groups,
respectively; 34.0% of the CIN I specimens
were HPV DNA positive.

CIN II/III lesions were diagnosed in 13.6%,
7.0%, and 93.2% of the ASCUS, LSIL, and
HSIL groups, respectively; 78.3% of CIN II/III
specimens were HPV DNA positive. Invasive
carcinomas were detected in 6.7% of the HSIL
group and all of them were HPV DNA positive.

Figure 1 shows the distribution of single type
specific HPV positive samples in CIN I,
CINII/III, and IC groups.

To compare semiquantitative data, cervical
samples were normalised by cell counting and
HPV DNA content expressed as HPV genome
copies/sample. Because a diVerent number of
cells can be present in diVerent cervical
samples and the amount of cellular DNA
increases significantly with the progression of
cervical disease status, for the comparative
evaluation of quantitative results it seems nec-
essary to standardise the sampling and to nor-
malise the sample content.4

Figure 1 shows the distribution of index
values for HPV types 6, 11, 16, 18, 31, 33, and
45 in the CIN I, CIN II/III, and IC groups. The
amount of HPV DNA/specimen varied widely
within a single group and between the diVerent
groups with several HPV DNA genome copies
distributed within a 4 log interval for the speci-
mens of the CIN I group and over a 6 log inter-
val for the specimens of either the CIN II/III or
IC groups. The presence of dispersed values was
more evident with the progression of cervical
lesions and accounted for the increase in the
mean index value, which was 5.9, 10.6, and 12.1

Figure 1 Distribution of single type specific human papillomavirus (HPV) and HPV DNA content in diVerent cervical
lesions: index values, as determined by polymerase chain reaction-enzyme linked immunosorbent assay, in relation to
genome copy number obtained by an external reference titration curve.
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in the groups from CIN I to IC, respectively.
However, it must be noted that the trend was
mainly determined by HPV-16, which was the
prevalent genotype in these patients (57.6%)
and was the only HPV genotype present in the
CIN II/III and IC groups in amounts higher
than 5 × 106 genome copies/sample.

In conclusion, our data support the observa-
tion that HPV-16 is the most common genotype
detected in cervical lesions. The prevalence of
high risk HPV shows the expected distribution
in cervical lesions, increasing with the grade of
the lesions; above all, increased HPV-16 viral
load appears to be associated with increased
severity of cervical disease and, therefore, HPV
testing and typing might be of prognostic value.
Quantitative analysis showed that HPV-16 DNA
can reach much higher values than other
genotypes, and that a very high HPV-16 DNA
content is found only in high grade lesions.
However, HPV-16 DNA load seems a specific
but not sensitive diagnostic marker to define
cervical disease status.5 PCR-ELISA provides a
valid and sensitive diagnostic tool, readily avail-
able in laboratories for HPV testing and typing,
which can also give a semiquantitative evalua-
tion of viral load.

This work was partially supported by the target project on
“Biotechnology” CNR and University of Bologna funds for
selected research topics.
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