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Summary

Introduction: The localization and distribution of single or multiple HPV genotypes in the uterine cervix has not been studied
thus far. The present study was undertaken to determine whether single or multiple HPV genotypes detected in cervical smears
originate from a single (dysplastic) area, or from different areas (dysplastic or normal) of the uterine cervix.

Methods: Of eight patients with moderate or severe dysplasia, 31 colposcopically guided biopsies of different dysplastic lesions
of the uterine cervix, as well as of normal epithelium were investigated. A highly sensitive, broad spectrum, short fragment poly-
merase chain reaction (SPF-10 PCR) HPV detection method in combination with a line probe assay (LiPA) for simultaneous genoty-

ping was used.

Results: In the uterine cervix of four of the eight patients, multiple HPV genotypes were detected. These multiple HPV genoty-
pes were detected in different biopsies as well as within a single biopsy. In three patients, all with carcinoma in situ or microinva-
sive carcinoma, only a single HPV genotype, HPV 16, was found all over the cervix including in the normal epithelium.

Conclusion: Different HPV genotypes can be detected in different dysplastic lesions as well as within single lesions, especially
in patients with severe dysplasia. The severity of the lesion may possibly have a relation with the distribution of the HPV genoty-
pes. The low number of patients and biopsies does not allow definite conclusions. However, the impact of these findings on the
outcome of screening and vaccination programs remains to be elucidated.
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Introduction

Cancer of the uterine cervix ranks number two
worldwide in cancers of women, accounting for 6% of all
malignancies. Epidemiological and molecular studies
over the past two decades have convincingly demonstra-
ted that certain types of human papillomaviruses (HPV)
are etiologically related to the development of most cases
of cervical cancer. More than 95 genotypes of HPV have
been identified so far, of which 35 types were found to
infect the genital mucosa [1-3]. Several HPV genotypes,
including types 16, 18, 31, 33, and 45 have been impli-
cated in cervical carcinogenesis and are considered high-
risk [1-3]. High-risk HPV genotypes are able to disturb
cell cycle regulators. Theoretically, these disturbances
allow repetitive clonal events to take place which may
ultimately, result in cervical carcinoma via the develop-
ment of premalignant stages [4-6].

During the premalignant stages, different areas, each
with a different degree of dysplasia can be identified in
the uterine cervix with colposcopy [7]. Cervical smears,
ideally sampled from all these areas, contain in the majo-
rity a single genotype of HPV. Recently, more sensitive
HPV detection methods have been shown to detect mul-
tiple HPV genotypes in up to 40% of cervical smears [6,
8-11]. The localization of single or multiple HPV genoty-
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pes in the uterine cervix and the distribution of HPV
throughout the cervix have not been studied thus far.
Studying the localized distribution of HPV may provide
new insights in HPV infection and transmission and its
complex relation with cervical cancer.

The present study was undertaken to determine
whether single or multiple HPV genotypes detected in
cervical smears originate from a single (dysplastic) area,
or from different areas, either dysplastic or normal, of the
uterine cervix.

Materials and Methods

Patients referred to the colposcopy clinic of the University
Medical Center Nijmegen, with a cervical smear indicating
moderate or severe dysplasia, were asked to participate in the
study. A total of eight patients were included. One to three
weeks prior to colposcopy, a liquid-based cervical smear was
taken from all patients, using a Cervex brush (Rovers; Oss, The
Netherlands). These smears were fixed with unifix® and pro-
cessed into AgarCyto cell blocks, allowing for multiple analy-
ses including HPV testing, as described previously [12]. The
cervical smears indicated moderate dysplasia in one patient,
severe dysplasia in four, and carcinoma in situ in three patients.
The mean age of the patients was 37 years (32-46). None of the
patients had previously been treated for dysplasia of the uterine
cervix.

The cervix was assessed and mapped during colposcopy
using acetic acid and lugol. After local anesthesia, three to five
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biopsies were taken from each patient using a small electrosur-
gical loop. All cervical areas with a colposcopically suspected
different degree of dysplasia were biopsied, including an area
of normal epithelium. Subsequently, the transformation zone
was removed by large loop electrosurgical excision in order to
complete treatment of all cervical abnormalities. The localiza-
tion of each biopsy was marked in the patient’s record.

All biopsies were embedded in parafin and processed separa-
tely to avoid cross-contamination with HPV. Histopathological
examination was done on each of the biopsies. Single adjacent
sections were tested for the presence of HPV. The results of the
HPV test were not known during histopathological examina-
tion. For HPV detection a highly sensitive broad-spectrum short
polymerase chain reaction fragment (SPF10 HPV-PCR) was
used as previously described [8,9]. HPV typing was subse-
quently performed by reverse hybridization in a line probe
assay (LiPA). This LiPA technique identifies 25 different low-
and high-risk HPV genotypes simultaneously [8,9].

Results

HPV was detected in the cervical smears of seven
patients. In two of these patients, double infections with
respectively, HPV genotypes 16/31 and 16/52 were detec-
ted. All HPV genotypes detected in the cervical smear of
each individual patient were also found in the biopsies of

Table 1. — HPV genotypes detected in the cervical smears and
in each biopsy, in relation to histologic grading, are shown for
each patient.

HPV in smear Biopsy Histologic grading HPV in biopsy
Pt. 1 X 1 Metaplasia Neg
2 Metaplasia X
3 Severe dysplasia 58
4 Moderate dysplasia 33/58
Pt. 2 16 1 Carcinoma in situ 16
2 Moderate dysplasia 16
3 Normal sq. epithelium Neg
4 Normal endocx tissue 16
Pt. 3 33 1 Severe dysplasia 33
2 Severe dysplasia 31/33/52/66
3 Inflammation 33/66
4 Endocx. atypia 66
Pt. 4 Negative 1 Moderate dysplasia 51
2 Mild dysplasia Neg
3 Normal sq. epithelium Neg
Pt.5  16/31 1 Severe dysplasia 16/31
2 Normal sq. epithelium Neg
3 Metaplasia 16
Pt.6  16/52 1 Severe dysplasia 16/18
2 Severe dysplasia and
Endocx. atypia 16/18/52
3 Severe dysplasia 16/18
4 Mild dysplasia 16
Pt. 7 16 1 Carcinoma in situ 16
2 Mild dysplasia 16
3 Normal sq. epithelium 16
4 Micro invasive ca. 16
Pt. 8 16 1 Severe dysplasia 16
2 Severe dysplasia 16
3 Normal sq. epithelium 16
4 Micro invasive ca. 16
5 Micro invasive ca. 16

Normal sq. epithelium = Normal squamous epithelium, Normal
endocx. tissue = normal endocervical tissue, X = HPV type not
specified.

that patient. Additional HPV genotypes were detected in
the biopsies of patients 1, 3, 4, and 6. The cervix of
patients 1, 3, 5, and 6 contained multiple HPV genotypes.
Up to four HPV genotypes could be detected within a
single biopsy (patient 3). Table 1 shows the HPV genoty-
pes detected in the smears, the histological grading of
each biopsy and the HPV genotypes detected in the dif-
ferent biopsies.

Figure 1 shows a graphic representation of the locali-
zation of the biopsies related to the histological grading
and the types of HPV detected in the cervix of each
patient. HPV was detected in all biopsies showing
dysplasia, except for a mild dysplastic lesion in patient 4.
HPV was detected in two of the three biopsies with meta-
plasia, and in two of the five biopsies with normal squa-
mous epithelium. Only in patients 7 and 8, both with a
microinvasive carcinoma, was HPV detected in normal
squamous epithelium.

In all patients with severe dysplasia as the most severe
lesion (patients 1, 3, 5, and 6), more than one genotype
of HPV was detected in the cervix, and multiple HPV
genotypes were present within a single biopsy of each of
these patients. In the other four patients a single HPV
genotype was detected. Two of these patients had inva-
sive carcinoma, and one patient had carcinoma in situ. In
the patients with invasive carcinoma, HPV 16 was detec-
ted throughout the cervix, including normal squamous
epithelium. Even the severe dysplastic areas in these
patients only contained this single genotype of HPV.

Discussion

This study shows that multiple HPV genotypes can be
detected within the uterine cervix in different dysplastic
areas as well as within a single dysplastic area. The
finding of different dysplastic areas in the uterine cervix,
identified by colposcopy, has been described previously
and it was suggested that these areas were not related to
each other, nor were part of a developing process of cer-
vical cancer [7]. Our results confirm those of another
study which detected different HPV genotypes in diffe-
rent biopsies of the uterine cervix [13]. However in con-
trast with our results, only one biopsy with severe dyspla-
sia in that study contained two HPV genotypes [13]. We
detected multiple HPV genotypes in seven of 18 biopsies
obtained from patients with severe dysplasia as the
highest grade of abnormality, and within a single biopsy
up to four different HPV genotypes were detected. It is
possible that the detection of different HPV genotypes in
different cervical lesions might be attributed to coinci-
dent infections causing separate lesions as has been sug-
gested before [13]. In cases with the same HPV genotype
detected in different lesions, morphologic progression ‘in
situ” was more likely [13]. The morphologic progression
theory supposes that repetitive clonal events occur early
in the development of dysplasia under the influence of a
single HPV genotype [14]. Although it has to be empha-
sized that the number of patients and biopsies included in
our study is very small, the multiple HPV genotypes
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Figure 1. — Graphical representation of the localization of the biopsy, histologic grading, and HPV genotypes detected within the biopsy.

present in our patients are in contrast with the basics of
the morphologic progression theory. On the other hand, it
is quite possible that a clonal process attributed to a spe-
cific single HPV genotype is in progress, while other
HPV genotypes detected are merely superfluous or tran-
sient, either newly acquired, or a reactivation of latent
HPV infections. The presented data suggest that the
detection and distribution of single or multiple HPV
genotypes, may possibly have a relation with the stage of
the disease. In patients with severe dysplasia as the most
severe lesion, multiple HPV genotypes were detected
within a single biopsy as well as in different biopsies,
while in the patients with carcinoma in situ or invasive
carcinoma, a single HPV genotype was detected in all
biopsies including areas with different degrees of dyspla-
sia and normal epithelium. More studies are required to
solve these issues.

We found a lower detection rate of multiple HPV
genotypes in cervical smears than in the corresponding
biopsies. The assumption that HPV genotypes detected in
cervical smears are a true reflection of all types of HPV
present in the cervix may therefore not always be true.

This observed underestimation in cervical smears may be
due to a sampling error, but may also indicate that only
the most prominent HPV genotype(s) are detected in a
cervical smear. The replication of these genotypes may
be more pronounced, or they may be localized in more
superficial layers of the epithelium. This facilitates detec-
tion in cervical smears and masks the presence of other,
possibly latent genotypes of HPV in the deeper epithelial
layers. Indeed, in the literature more evidence to support
the presence of latent HPV is described. The prevalence
of HPV during pregnancy increases with gestational age
to 40% compared with 5-20% prevalence in the non-preg-
nant population [15-17]. This increase could not be
explained by other risk factors [16]. Patients above 55
years and patients with immune suppression also show a
higher prevalence of HPV than in a regular population,
and there is a strong correlation between the prevalence
of HPV and the severity of the immune-suppression
[11,18,19].

More sensitive HPV detection methods are able to
detect a higher prevalence of genital HPV infection in the
population and do more often detect multiple HPV
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genotypes [6,8,9]. The highly sensitive SPF-10 LiPA-
PCR HPV detection method used in this study has been
validated before [8]. With this detection method, HPV
genotypes were correctly identified in 97.2% of 238
samples and showed to be more sensitive than other PCR
primers (MY 09/11, GP5(+)/6(+)) especially when multi-
ple HPV genotypes were present [8].

As shown in this study, multiple HPV genotypes can be
found within a single biopsy of a dysplastic lesion of the
uterine cervix, indicating that the relation between HPV
and cervical cancer is very complex. The relation
between multiple HPV infections and cervical cancer as
well as factors influencing latency, recurrence and clea-
rance of HPV need further study.

The presence of multiple HPV genotypes may have a
direct impact on the outcome of screening and vaccina-
tion programs and further analysis is required.

Acknowledgement

This study was supported by the Dutch Cancer Society
(Koningin Wilhelmina Fonds): grant 97-1486.

References

[1] Herrington C. S.: “Human papillomaviruses and cervical neopla-
sia. I. Classification, virology, pathology, and epidemiology”. J.
Clin. Pathol., 1994, 47, 1066.

[2] Chan S.Y., Delius H., Halpern A. L., Bernard H. U.: “Analysis of
genomic sequences of 95 papillomavirus types: uniting typing,
phylogeny, and taxonomy”. J. Virol., 1995, 69, 3074.

[3] Meijer C. J. L. M.. Rozendaal R., Verheijen R. M., Walboomers J.
M. M.: “Clinical role of HPV testing”. CME J. Gynecol. Oncol.,
2000, 5, 26.

[4] Walboomers J. J. M., Jacobs M. V., Manos M. M., Bosch E. X.,
Kummer A., Shah K. V. et al.: “Human papillomavirus is a neces-
sary cause of invasive cervical cancer worldwide”. J. Pathol.,
1999, 189, 12.

[5] Klaes R., Woerner S. M., Ridder R., Wentzensen N., Duerst M.,
Schneider A. et al.: “Detection of high-risk cervical intraepithelial
neoplasia and cervical cancer by amplification of transcripts
derived from integrated papillomavirus oncogenes”. Cancer. Res.,
1999, 59, 6132.

[6] Kleter B., van Doorn L. J., ter Schegget J., Schrauwen L., van
Krimpen K., Burger M. et al.: “Novel short-fragment PCR assay
for highly sensitive broad-spectrum detection of anogenital human
papillomaviruses”. Am. J. Pathol., 1998, 153, 1731.

[7] Burghardt E., Ostor A. G.: “Site and origin of squamous cervical
cancer: a histomorphological study”. Obstet. Gynecol., 1983,
62, 117.

[8] Kleter B., van Doorn L. J., Schrauwen L., Molijn A., Sastrowijoto
S., ter Schegget J. et al.: “Development and clinical evaluation of
a highly sensitive PCR reverse hybridization line probe assay for
detection and identification of anogenital human papillomavirus”.
J. Clin. Microbiol., 1999, 37, 2508.

[9] Melchers W. J., Bakkers J. M., Wang J., de Wilde P. C. M., Boon-
stra H., Quint W. G. V. ef al.: “Short fragment polymerase chain
reaction reverse hybridization line probe assay to detect and
genotype a broad spectrum of human papillomavirus types. Clini-
cal evaluation and follow-up”. Am. J. Pathol., 1999, 155, 1473.

[10] Gravitt P. E., Peyton C. L., Alessi T. Q., Wheeler C. M., Coutlee
F, Hildesheim A. et al.: “Improved amplification of genital human
papillomaviruses”. J. Clin. Microbiol., 2000, 38, 357.

[11] Herrero R., Hildesheim A., Bratti C., Sherman M., Hutchinson M.,
Morales J. et al.: “Population-based study of human papillomavi-
rus infection and cervical neoplasia in rural Costa Rica”. J. Natl.
Cancer. Inst., 2000, 92, 464.

[12] Kerstens H. M., Robben J. C., Poddighe P. J., Melchers W. J.,
Boonstra H., de Wilde P. C. er al.: “*Agarcyto: a novel cell-proces-
sing method for multiple molecular diagnostic analysis of the
uterine cervix”. J. Histochem. Cytochem., 2000, 48, 709.

[13] Park J., Sun D., Genest D. R., Trivijitsilp P, Suh I., Crum C. P.:
“Coexistence of low and high grade squamous intraepithelial
lesions of the cervix: Morphologic progression or multiple papil-
lomaviruses?”. Gynecol. Oncol., 1998, 70, 386.

[14] Wright T. C., Richart R. M.: “Role of human papillomavirus in the
pathogenesis of genital tract warts and cancer”. Gynecol. Oncol.,
1990, 37, 151.

[15] Hagensee M. E., Slavinsky J., Gaffga C. M., Suros J., Kissinger
P., Martin D. H.: “Seroprevalence of human papillomavirus type
16 in pregnant women”. Obstet. Gynecol., 1999, 94, 653.

[16] Morrison E. A., Gammon M. D., Goldberg G. L., Vermiund S. H.,
Burk R. D.: “Pregnancy and cervical infection with human papil-
lomaviruses”. Int. J. Gynaecol. Obstet., 1996, 54, 125.

[17] Schneider A., Hotz M., Gissmann L.: “Increased prevalence of
human papillomaviruses in the lower genital tract of pregnant
women”. Int. J. Cancer., 1987, 40, 198.

[18] Sun X. W., Ellerbrock T. V., Lungu O., Chiasson M. A., Bush T.
J., Wright T. C.: “Human papillomavirus infection in human
immunodeficiency virus-seropositive women”. Obstet. Gynecol.,
1995, 85, 680.

[19] Vernon S. D., Holmes K. K.: “Human papillomavirus infection
and associated disease in persons infected with human immuno-
deficiency virus”. Clin. Infect. Dis., 1995, 21(suppl), s121.

Address reprint requests to:

R. L. M. BEKKERS, M.D.

Dept. of Gynecology/Obstetrics,
UMC Nijmegen, P.O. Box 9101,

6500 HB Nijmegen (The Netherlands)



