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Abstract

In many women with gynecological complaints such as itching, burning, dis
charge, and fissures causing dyspareunia, examination of the vulvovaginal 
mucosa reveals hyperkeratotic and papillomatous changes. Polymerase 
Chain Reaction (PCR) technique revealed 64% of such lesions to harbour 
Human Papilloma Virus (HPV)-DNA, whereas Southern blot (SB) tech
nique showed 50% to be positive for HPV-DNA.

Women with papillomatous lesions were more often HPV-DNA positi
ve than those with flat hyperkeratotic lesions. The virus-induced vulvova
ginitis described was sometimes the sole cause of atypical Pap-smears. How
ever, papilloma virus infections in vulva and vagina were often accompanied 
by neoplasia.

In women with an atypical Pap-smear, signs of HPV were observed by 
colposcopy in 58% of cases, by cytology in 21%, by histopathology in 53% 
and by HPV-DNA hybridization techniques in 46%. Colposcopy, cytology 
and histopathology were more sensitive than SB and Filter In Situ Hybri
dization (FISH) in detecting HPV in benign epithelium and in mild to mode
rate dysplasia. The FISH technique, when applied to cell samples and the 
SB technique for biopsy material proved equally sensitive when benign tis
sue and mild to moderate dysplasia were analysed. However, in women with 
severe dysplastic lesions, use of the SB technique on biopsy material prov
ed more sensitive than FISH.

In lesions with severe dysplasia, HPV-DNA was very often present (67% 
of CIN III lesions). HPV 16, which is capable of oncogenic transformation, 
was found in 54% of such tissue.

At follow-up after laser treatment of genital intra-epithelial neoplasia, 
HPV could be detected in 38% of cases. This indicates that HPV may affect 
the entire mucosa of the lower genital tract, even when not clinically detec
table. Thus, to eradicate the virus, systemic therapy would appear to be 
required.

Vulvovaginal HPV infection is an entity with characteristic symptoms, 
morphological changes and oncogenic potential. Certain HPV-types are 
associated with the development of genital intra-epithelial neoplasia. The 
diagnostic methods presently available are not, however, sensitive enough 
for detection of HPV-infection and there is no effective treatment current
ly available. It would therefore be premature to suggest the introduction of 
a screening program for certain oncogenic HPV-types. Further study of the 
natural history of the virus is needed before any step can be taken toward 
using HPV screening in efforts to prevent cervical cancer.
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ABBREVIATIONS

The following abbreviations are used in the text:

CIN Cervical Intra-epithelial Neoplasia
DB Dot blot
DNA Deoxyribonucleic Acid
FISH Filter In Situ Hybridization
HPV Human Papilloma Virus
HSV Herpes Simplex Virus
OC Oral Contraceptives
PCR Polymerase Chain Reaction
SB Southern blot
STD Sexually Transmitted Disease
VAIN Vaginal Intra-epithelial Neoplasia
VIN Vulvar Intra-epithelial Neoplasia
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ABSTRACT

In many women with gynecological complaints such as itching, burning, discharge, 
and fissures causing dyspareunia, examination of the vulvovaginal mucosa reveals 
hyperkeratotic and papillomatous changes. Polymerase Chain Reaction (PCR) tech
nique revealed 64% of such lesions to harbour Human Papilloma Virus (HPV)- 
DNA, whereas Southern blot (SB) technique showed 50% to be positive for HPV- 
DNA.

Women with papillomatous lesions were more often HPV-DNA positive than 
those with/Zat hyperkeratotic lesions. The virus-induced vulvovaginitis described 
was sometimes the sole cause of atypical Pap-smears. However, papilloma virus 
infections in vulva and vagina were often accompanied by cervical as well as vaginal 
and vulval intra-epithelial neoplasia.

In women with an atypical Pap-smear, signs of HPV were observed by colpos
copy in 58% of cases, by cytology in 21%, by histopathology in 53% and by HPV- 
DNA hybridization techniques in 46%. Colposcopy, cytology and histopathology 
were more sensitive than SB and Filter In Situ Hybridization (FISH) in detecting 
HPV in benign epithelium and in mild to moderate dysplasia. The FISH tech
nique, when applied to cell samples and the SB technique for biopsy material pro
ved equally sensitive when benign tissue and mild to moderate dysplasia were ana
lysed. However, in women with severe dysplastic lesions, use of the SB technique on 
biopsy material proved more sensitive than FISH.

In lesions with severe dysplasia, HPV-DNA was very often present (67% of CIN 
III lesions). HPV 16, which is capable of oncogenic transformation, was found in 
54% of such tissue.

At follow-up after laser treatment of genital intra-epithelial neoplasia, HPV-DNA 
could be detected in 38% of cases. This indicates that HPV may affect the entire 
mucosa of the lower genital tract, even when not clinically detectable. Thus, to era
dicate the virus, systemic therapy would appear to be required.

Vulvovaginal HPV infection is an entity with characteristic symptoms, morpho
logical changes and oncogenic potential. Certain HPV-types are associated with the 
development of genital intra-epithelial neoplasia. The diagnostic methods present
ly available are not, however, sensitive enough for detection of HPV-infection and 
there is no effective treatment currently available. It would therefore be prematu
re to suggest the introduction of a screening program for certain oncogenic HPV- 
types. Further study of the natural history of the virus infection is needed before any 
step can be taken toward using HPV screening in the effort to prevent cervical 
cancer.
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INTRODUCTION

Genital warts

Genital warts have long been associated with promiscuity. Condyloma is a word of 
Greek origin which means ‘a round swelling adjacent to the anus’. These warts arou
sed little interest in ancient times and physicians of the Roman world had no firm 
opinion about their background. The outbreak of syphilis in Europe toward the end 
of the 15th century, however, led to an increasing interest in the etiology of genital 
diseases, including warts. Genital warts were then considered to be merely a mani
festation of the syphilitic disease and were not differentiated from condyloma lata. 
Subsequently, the view of genital warts as being a sign of syphilis was abandoned 
and a new theory was put forward. The warts were now thought to be caused by 
gonorrhea, since they were often present in women with this disease. In the 19th cen
tury the term ‘gonorrheal warts’ was coined.

Gemy (1893) was the first author to suggest that common skin warts and genital 
warts might be related. His conclusion was based on the histological similarities 
between these manifestations (1).

Early in the present century the viral etiology of genital and common skin warts 
was verified. Cell-free extracts from human skin warts and genital condylomas were 
inoculated into volunteers. The recipients developed warts at the inoculation sites 
a few weeks later (2). The production of warts by inoculating filtrates of genital warts 
into non-genital skin, and filtrates from non-genital warts into genital mucosa, con
vinced the observers that all types of warts in humans must be caused by the same 
virus. The ‘unitary theory’ was proposed. Many believed that genital warts were a 
part of ‘wart dermatosis’.

The viral etiology was finally confirmed by Strauss et al. (1949). By applying elec
tron microscopy these authors demonstrated virus particles in common skin warts 
(3). Dunn and Ogilvie (1969) observed similar particles in extracts from penile, anal 
and vulval warts (4).

Evidence of a sexual transmission of genital warts was published by Barret et al. 
based on the observation of the frequent occurrence of penile warts among US 
service-men returning from the Korean War (5). The fact that after an incubation 
period of 4-6 weeks their wives developed vulvar warts led to the assumption that 
genital warts are a venereal affliction.
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Oncogenic potential

Condylomata and flat skin warts have been reported to undergo malignant transfor
mation. In the 1930’s, when the principles of tumour virology were formulated, squa
mous carcinomas were experimentally induced with papilloma viruses in rabbits (6). 
Chemical carcinogens (such as tar) greatly accelerated the oncogenic capacity (7). 
Despite these findings, a lack of interest in Human papilloma virus (HPV) infec
tions followed for a long period.

Much later, in 1977, zur Hausen proposed that HPV plays the part of a sexual
ly transmitted oncogen (8). Since then, an increasing interest in this field has been 
evident. Nowadays it is realized that most HPV infections are subclinical and that 
condylomata acuminata represents the ‘top of the iceberg’.

In 1983, HPV-DNA was identified in cervical cancer tissue (9). This HPV-type, 
designated no. 16, was found to be present in almost two-thirds of all cervical can
cer specimens.

Human papilloma virus
Papilloma viruses belong to the papova virus group. They are small, circular, dou
ble-stranded DNA viruses. Papilloma viruses cannot be propagated in cell cultu
res. Individual papilloma viruses show great differences in species specificity, pre
dilection site, and degree of oncogenicity.

All papilloma viruses exhibit a similar pattern of genetic organization. The viru
ses are named according to species and subclassified into types according to nucle
otide sequence. Within the same species, any new isolate which contains less than 
50% sequence homology (by DNA hybridization in liquid phase under stringent 
conditions) is designated as a new type and numbered in order of discovery. Human 
papilloma viruses (HPV) comprise the largest group, with today more than 70 types, 
about 30 types with tropism for the genitoanal areas have been identified (Table 
I). Almost half of the presently known HPV types have been isolated from the 
skin of immunosuppressed individuals.

HPVs infect primarily the basal layer of the epithelium where they remain as epi- 
somes, that is, they are not integrated in the host chromosomes. In this situation 
the replication is highly restricted (10). The replication is regulated by encoded pro
teins and depends on the differentiation of the epithelial host cell. The ability of 
the virus to replicate increases with the cell-maturation, thus virus expression is more 
prominent in the superficial cell layers (11,12).
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Table I. Human papilloma virus types affecting the lower fem ale genital tract 
[Modified from Syrjänen (13)].

HPV-type A ssociated with Predilection site Oncogenicity

HPV 6 Condyloma acuminatum vulva Low risk
vagina
cervix

CIN cervix
VAIN vagina
VIN vulva

HPV 11 Condyloma acuminatum vulva Low risk
cervix

CIN cervix
HPV 16 Condyloma acuminatum vulva High risk

cervix
CIN cervix
VAIN vagina
VIN vulva
Squamous carcinoma cervix

vulva
HPV 18 CIN cervix High risk

Adenocarcinoma cervix
HPV 30 CIN cervix Intermediate
HPV 31 CIN cervix High risk?

Squamous carcinoma cervix
HPV 33 CIN cervix Intermediate

Squamous carcinoma cervix
HPV 34 CIN cervix Intermediate

Squamous carcinoma cervix
HPV 35 CIN cervix Intermediate

adenocarcinoma cervix
HPV 39 CIN cervix Intermediate

Squamous carcinoma cervix
HPV 40 CIN cervix Intermediate?
HPV 42 Papillomas vulva Intermediate?

CIN cervix
HPV 43 Hyperplasia vulva Intermediate?

CIN cervix
HPV 44 Condyloma acuminatum vulva Intermediate?

CIN cervix
HPV 45 CIN cervix Intermediate?
HPV 51 CIN cervix Intermediate?

Squamous carcinoma cervix
HPV 52 CIN cervix Intermediate?

Squamous carcinoma cervix
HPV 53 Normal mucosa cervix Intermediate?
HPV 56 CIN cervix Intermediate?

Squamous carcinoma cervix
HPV 57 CIN cervix Intermediate
HPV 58 CIN cervix Intermediate
HPV 59 CIN vulva Intermediate
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Fig. 1. Genome structure of HPV 16 illus
trating the open reading frames (E1-E7, 
L 1 and L2) and the non-coding region.

Virion structure and genetic function

Virions contain a central core of viral DNA, enclosed within an icosahedral outer 
capsid of viral protein. The capsid consists of two different structural proteins, a 
major and a minor protein encoded by the open reading frames LI and L2, respec
tively (14). The minor protein appears to be highly type-specific. The double
stranded DNA molecules have a length of about 7,900 base pairs and a molecular 
weight of about 5.2x 10^ daltons (15).

The viral genetic information is divided into ‘early’ and ‘late’ regions, Fig. 1. Genes 
from the early region establish viral control over the infected cell and initiate viral 
DNA replication and oncogenic transformation. Genes in the late region are involv
ed in capsid protein synthesis. There is also a non-coding segment.

The upstream regulatory region (URR) represents 15% of the viral genome. This 
region contains the origin of DNA replication and gene expression is controlled from 
this site.

The early region represents 45% of the genome, it contains at least six open reding 
frames (ORF) with potential transcriptional capacity. Functions of individual ORFs 
are as follows (15):

E l ORF controls the episomal replication of viral DNA (16).
E2 ORF either promotes or inhibits viral transcription.
E4 ORF initiates the onset of koilocytotic changes.
E6 ORF  which is studied intensively, is involved in malignant cellular 
transformation (17).
E7 ORF plays a significant role in malignant transformation (18).

The late region comprises about 40% of the viral genome. The two open read
ing frames are essential to vegetative viral replication:

FI ORF encodes the major capsid protein.
L2 ORF encodes the minor capsid protein.

The ORFs are located on one DNA strand indicating that synthesis of mRNA occurs 
in only one direction.
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H PV and cancer o f  the lower genital tract

Carcinoma o f the uterine cervix— is one of the most common cancers of the female 
and constitutes a major cause of morbidity and mortality among women in various 
parts of the world.

Cervical cancer has long been associated with sexually transmitted diseases. Sex
ual behavioral characteristics such as early age of coital debut (19) and several sex 
partners (20) were early recognized as indicating a ‘high risk female’. The male as 
a transmitter of the carcinogenic agent to his partner was first discussed by Rotkin 
in 1967 (21). Herpes simplex virus was at that time suggested to be an etiological 
agent. However, it has not been possible to obtain evidence that convincingly cor
relates HSV to cervical cancer. The HSV genome was rarely detected in cervical can
cer. Instead, there is now strong evidence implicating HPV as the background fac
tor in the development of genital neoplasia (Table I). The majority of cervical cancers 
contain the oncogenic HPV 16 and 18 (22). Even though the same HPVs are de
tected throughout the world, the frequency of the oncogenic types varies in diffe
rent geographic areas.

Carcinoma o f the vulva is a relatively rare form of cancer. Women with vulval 
neoplasia do run an increased risk of contracting cervical neoplasia, suggesting a 
common causative agent (23). A small number of studies have been conducted on 
the prevalence of HPV in vulvar cancer (24).

Vaginal cancer is one of the most uncommon gynecologic malignancies. Vaginal 
squamous cell carcinoma in situ has been associated with identical lesions elsewhere 
in the genitalia (25). HPV-DNA has also been detected in vaginal cancers (26).

H PV and genital intra-epithelial neoplasia

The genital intra-epithelial neoplasias are asymptomatic lesions usually brought to 
the attention of the physician because of an abnormal Pap smear.

The invention of the colposcope made possible the detection of considerable ‘ear
ly cancers’. Hinselmann observed that leukoplakia and certain capillary patterns 
indicated the presence of dysplasia (27). It was not until the nomenclature was 
simplified, however, and the characteristic pictures illustrated by Coppleson and co
workers (28) and Kolstad and Stafl (29), that the diagnostic value of colposcopy 
became widely accepted. Nowadays the role of colposcopy is not to predict the 
histological diagnosis, but rather to delineate the extension of the lesion and to iden
tify the area most suitable for biopsy.

Later it became obvious that many lesions containing patterns such as leukopla
kia, punctation or mosaicism did not carry any premalignant condition (30). Such 
lesions are probably HPV induced.

Originally it was thought that squamous epithelial neoplasms could arise only 
from the native squamous epithelium. It was Wespi (31) who emphasized the role 
of metaplasia in carcinogenesis.
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Cytology, introduced in the 1940s by Papanicolaou and Traut, was found to be an 
excellent technique for detecting precancerous lesions (32). In Sweden, since the 
introduction of cytology as a screening method in the 1950s, the cervical cancer inci
dence has decreased by about 40% (33). Several authors concluded that both cyto
logy and colposcopy should be used in combination to achieve early diagnosis 
(31,34,35).

It was first reported in the mid-1970s that 1-2% of smears from all women with 
a clinically normal cervix had cytological signs of HPV (36,37). It became obvious 
that many lesions judged as mild to moderate dysplasia were not neoplastic, but bore 
instead signs of HPV. These new lesions were named flat or inverted condyloma. 
Attempts were made to define morphologic criteria for the differentiation of HPV 
infection from intra-epithelial neoplasia. However, it was soon realized that histo
logical, serological and virological evidence linked both mild and severe degrees of 
dysplasia with HPV infection (38).

The international histopathological terminology for dysplastic epithelium, Cer
vical Intra-epithelial Neoplasia (CIN), Vaginal Intra-epithelial Neoplasia (VAIN), 
Vulvar Intra-epithelial Neoplasia (VIN), and Perineal Intra-epithelial Neoplasia 
(PIN) was proposed by Richart (39). All these entities were divided into mild (I), 
moderate (II) and severe (III) degrees of dysplasia.

It has been documented in a number of studies that intra-epithelial neoplastic 
lesions from the lower genital tract harbour HPV-DNA, especially HPV 16 and 18 
(40,41). The HPV-DNA sequences in the intra-epithelial neoplastic lesions are most
ly un-integrated, i. e., the viral DNA exists as a free episome (a self-replicating, extra- 
chromosomal, nuclear DNA) (42). This is in contrast to most other DNA-tumour 
viruses, which integrate with the cellular DNA before transforming a cell.

The progression and regression rates of dysplastic lesions have been studied exten
sively by many authors. Figures depend to a great extent on the definitions applied 
and the end point of the studies. The progression rates vary to a great extent in dif
ferent materials (43,44). In a Finnish follow-up study it has been shown that lesions 
containing HPV 16 are likely to progress into more severe neoplasia, whereas 
HPV 6 and 11 lesions are less likely to progress (45).

Cervical papilloma-virus infections represent a heterogeneous group of lesions. 
The majority of these are caused by low-risk or unknown HPV types. Despite their 
tendency to give rise to atypical Pap-smears, such lesions do not progress to cervi
cal cancer, whereas the 15-50% of subclinical cervical lesions induced by HPV 16, 
18, 31,33, 35 or 39 do indeed represent the earliest phase of precancerous develop
ment (46,47).

Premalignant lesions on the vulva contain a mixture of types 6,11 and 16,18. In 
a study by Gross et al., 17 of 20 patients, both males and females with Bowenoid 
papulosis, were found to be positive for HPV 16 (48). It is remarkable that the 
incidence of VIN III has increased and the age at diagnosis has decreased about 
twenty years (49).

The literature dealing with the vaginal HPV infection is less extensive than that 
on the vulva and cervix. The first evidence to support the theory of HPV as being a
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causative factor in the development of vaginal dysplasia came in 1983. An analysis 
of vaginal intra-epithelial neoplasia (VAIN) by HPV-DNA hybridization technique 
showed a high frequency of HPV 6 and 16 in such tissue (50).

In our studies we analysed the presence of HPV in benign and dysplastic tissue 
in order to elucidate the association between HPV and the development of intra- 
epithelial neoplasia in the lower genital tract. It should be understood that scienti
fic effort within this field has been very progressive during the last few years. Cur
rently, strong evidence suggests HPV to be the strongest etiologic factor.

Co-factors

Whereas HPV is believed to be the necessary factor required for a cell to undergo 
malignant transformation it is obvious that HPV infection per se is not sufficient 
for the development of genital dysplasia. Experimental data are still lacking. How
ever, suggested co-factors are:

Smoking; which is clearly a risk factor for cervical cancer (51).
Hormonal factors; multiparity and the prolonged use of oral contraceptives 

have both been associated with an increased risk of cervical cancer (52). Progeste
rone has been reported to be an accelerating factor in the development of neopla
sia in the lower genital tract (53).

Immunologic factors; warts are more frequently seen in immuno-compromised 
patients, in whom there is also an increased incidence of CIN and cervical cancer 
(54).

Concomitant infection; with for example Herpes simplex virus (55).

Vulvovaginitis and H PV

The problem of vulvar pain was first described a century ago. Due to the absen
ce of abnormal physical findings it was long thought to be a gynecological problem 
with a psychosomatic origin. It was not until the mid 1970s that scientists tried to 
elucidate its background. In 1982 a task force was formed to investigate the problem. 
This group has presented a new terminology (56). In 1983 Friedrich described a syn
drome comprising burning and dyspareunia associated with the finding of erythema 
around the openings of the minor vestibular glands. In consequence the terms ‘vesti
bular adenitis’ and ‘vulvar vestibulitis’ were coined (57,58). Other authors also obser
ved the same condition and described a surgical method for correcting introitai dyspa
reunia (59).

Vulvodynia and pruritus vulvae is a recently recognized symptom complex (60). 
In women with such symptoms, generally there are no signs of Candida, Gardner- 
ella, Trichomonas, Herpes simplex, Chlamydia or Neisseria gonorrhea. Furthermore 
there is no visible inflammation as in dermatitis and vestibulitis, and no signs of lichen 
sclerosus.

Many womçn who have aceto-white areas and/or papillomatous epithelium, often 
with a vascular pattern with capillaries extending into individual papillae, present
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with symptoms. These women complain of itching, burning, discharge, fissures and 
dyspareunia. In our first studies we tried to establish whether these symptoms and 
morphological changes were HPV induced.

Very little attention has been devoted to vaginal HPV infections. The subclinic- 
al HPV infection cannot easily be diagnosed with the naked eye, and is not even loo
ked for. Vaginal condylomata are usually asymptomatic. The fact that the changes 
in the vaginal mucosa coexist with symptoms from the vulva and genital intra-epit- 
helial neoplasia led to our interest in these vaginal manifestations.
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OBJECTIVES OF THE STUDY

>- To elucidate the association betw een certain symptoms and 
m orphologic (colposcopie and histopathologic) changes in the 
vulvovaginal mucosa and H PV  infection.

>- To analyse the prevalence o f H P V -D N A  among w om en with 
an atypical Pap-smear, and to correlate H PV  type with the 
degree of intra-epithelial neoplasia.

>- To compare the efficacy of various diagnostic m ethods for the 
detection o f HPV.

V  To determ ine the extent of H P V -D N A  persistence in wom en  
following laser surgery of genital intra-epithelial neoplasia.
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MATERIAL

The patient materials are described for the various studies performed:

Clinical characteristics of papillomavirus-vulvovaginitis (I)

The study group comprised 74 consecutive women (mean age 29 years) with mor
phologic and histopathologic signs of papillomavirus vulvovaginitis.

Papilloma virus infection of the vulva (II) and detection of minimal 
copy numbers of HPV-DNA by polymerase chain reaction in 
women with vulvo-vaginitis (V)

A total of 78 women (mean age 28 years) with colposcopie and histopathologic signs 
of vulvovaginal HPV infection were included. Twenty women, comparable in age, 
with colposcopically and morphologically normal vulvovaginal mucosa served as 
controls.

Detection of human papilloma virus in women referred for 
colposcopy (III)

During the period of 1986-1987 all women referred to the gynecological department 
for colposcopy due to an atypical Pap smear or clinically suspected intra-epithelial 
neoplasia were included. The material consisted of 168 women (mean age 28 years). 
A group of 119 apparently gynecologically healthy women comparable in age ser
ved as controls.

Follow-up of HPV-DNA positive women after laser-removal of 
lower genital intra-epithelial neoplasia (IV)

Forty-five women with cervical and/or vulvovaginal neoplasia, all of whom were 
HPV-DNA positive, were examined before and following laser treatment. Their 
mean age was 32 years.

18



METHODS

The following methods were applied:

Interviews (l-V )

All the women were interviewed using a standardized questionnaire, regarding 
coital debut, contraception, number of partners, present symptoms, partner infec
tion, earlier infections or atypical Pap-smears.

Clinical examination (l-V )

Gynecological examination including light microscopic examination of vaginal 
secretion was performed in all cases.

Cultures (I, II)

Cultures for chlamydia, gonorrhea and herpes genitalis were performed.

Colposcopy (l-V )

All women were examined by colposcopy (Zeiss Photocolposcope). The colposco
pie pattern was described after the application of 5% acetic acid and sometimes iodi
ne. The following criteria for HPV infection were used: aceto-white/to lesions, some
times with fissures, satellite lesions beyond the transformation zone on the cervix, 
papillomatous mucosa with granulation and filaments, and spikes (papillae with sharp 
ends). Mostly, the lesions, were hyperkeratinized (Table II).

Cytology (I-IV )

Pap-smears were obtained from all the women. The presence of koilocytosis, signi
fying the cytopathic effect of HPV infection, is the diagnostic hallmark in the light 
microscopic evaluation, Fig. 2 (61,62). The koilocyte is characterized by nuclear aty- 
pia, caused by degenerative clumping of host cell chromatin. It also has a peripheral

Table II. Predilection site for morphological changes in the genital m ucosa reve
aled by colposcopy in women with suspected  HPV-infection.

Aceto-white flat lesions Posterior part of vulva, vagina, cervix
Papillomatosis/granulation Labiae minora, vestibulum, vagina
Filaments Labiae minora, vestibulum
Fissures Posterior fourchette of vulva

 Spikes__________________________ Vulva, vagina_________________________
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condensation of cytoplasm giving rise to an empty zone around the nucleus. How
ever, in some cases — especially in vulvar lesions — koilocytes may either be scan
ty or completely absent. Since viral cytopathic effects occur only in dying or dead 
cells, koilocytes can never undergo malignant transformation. On the other hand 
koilocytes represent the contagious stage in the HPV life-cycle. Dyskeratosis, cells 
loaded with keratin and with a hyperchromatic nucleus, are frequently present in 
HPV-infected epithelium.

Histopathology (l-V )

Biopsy samples were obtained for histopathological examination.
Histopathological criteria for HPV-infection were those published by Meisels et 

al., i.e. koilocytosis, hyperchromasia, hinucleation, dyskeratosis, parakeratosis, acan
thosis and papillomatosis (63).

Immunohistochemistry (I)

Identification of viral capsid antigen was performed by using an immunoperoxidase 
staining kit (DAKO Corp., Santa Barbara, CA, USA), Fig. 3. With this technique, 
the test is performed against group-specific antigens and the presence of HPV- 
antigens is confined exclusively to the nuclei of the koilocytes and/or superficial dys- 
keratotic cells. Thus it is not possible to identify specific HPV types (64).

Dot blot hybridization on biopsies (II, III, IV)

Cellular DNA is denatured by alkaline treatment and spotted on to a filter mem
brane. Viral genomes present therein are detected by hybridization using a ^2p_ 
labelled probe followed by autoradiography. As samples are analysed in batches 
of 20, this is quite a quick method. However, the dot blot method cannot be per
formed at low stringency, to probe for related HPV types (65).

20



Fig. 4. Southern blot hybridization under non-string
ent conditions. Autoradiography reveals the 
characteristic fragment pattern of the different 
HPV-types.

Southern blot hybridization on biopsies (II, III, IV)

Cellular DNA is extracted from biopsy specimens. The DNA is digested with spe
cific restriction endonucleases, separated by gel electrophoresis, denatured and trans
ferred (‘blotted’) on to a filter. Hybridization and autoradiography indicate the 
cleavage pattern of the viral DNA and allow the identification of minor changes 
within the genome (virus subtype) or the detection of different HPV types, Fig. 4. 
It is also possible to determine whether the HPV-DNA is episomal or integrated 
into the cellular DNA (65).

Filter in situ hybridization (FISH) on cell samples (III, IV)

This is a simplification of the dot blot technique with hybridization of exfoliated cells. 
Cell samples are filtered directly on to a nitrocellulose filter. The proteins are des
troyed by alkaline treatment, which also leads to the dénaturation of the DNA. After 
hybridization with labelled probes, cells containing virus DNA can be revealed as 
spots on an X-ray film. This method is simple, rapid and allows the screening of a 
large num ber of samples. However, stringent conditions are required, which 
means that one cannot deduce whether more unknown HPV types are present (66).

Polymerase chain reaction (PCR) on biopsies and cell samples (V)

This method is theoretically lO^-lO^ times more sensitive than the Southern blot 
technique. It allows the amplification of DNA by enzymatic synthesis of a prede
termined stretch of DNA. The native double-stranded DNA is denatured, liberat
ing a single DNA strand. Two specific oligonucleotides, primers of DNA synthesis, 
anneal to specific sequences on the denatured DNA. The synthesis of a comple
mentary second strand of new DNA occurs by the extension of each annealed pri
mer by heat-stable DNA polymerase in the presence of excess dNTPs. A new 
single strand of DNA is synthesized for each annealed primer. The cycle of déna
turation, annealing and extension is repeated 30-40 times (67,68,69).

.4 »
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RESULTS

Evidence o f  H PV as an etiologic factor for vulvovaginitis 
and the clinical characteristics o f this disease (I, II, V)

The clinical symptoms and signs of HPV suspected vulvovaginitis were described. 
Discharge, itching, burning, dryness and fissures often causing dyspareunia were 
typical symptoms. Discharge was more frequent when the lesions were present in 
the vagina, whereas itching and burning were frequently associated with vulvar 
lesions. However, many women with typical lesions were asymptomatic. Most of the 
latter had been referred to the gynecological department because of an atypical Pap- 
smear.

Colposcopy after application of acetic acid distinguished between the following 
patterns: 1. white epithelium with or without fissures; 2. papillomatous mucosa 
with granulation and/or filaments; 3. spikes.

The lesions were often hyperkeratinized and multifocal. Filamental lesions 
were most frequently located in the middle and upper part of labiae minora, 
whereas flat lesions were most prominent in the posterior part of the vulva.

In many cases with atypical Pap-smear there was no evidence of cervical HPV 
infection or intra-epithelial neoplasia, but there were colposcopie HPV signs pre
sent in the vagina and/or vulva.

Histopathology of colposcopically directed biopsies showed signs of genital intra- 
epithelial neoplasia in 23% of 124 women with vulvovaginitis.

Viral structural antigen was demonstrated by immuno-histochemistry in 50% of 
54 biopsies from women with vulvovaginitis.

HPV-DNA analysis by dot and/or Southern blot demonstrated HPV-DNA in 50% 
of analysed samples from 50 women with vulvovaginitis. Twenty-six percent of the 
women harboured HPV 16. HPV-DNA was detected in 55% of the papillomatous 
(filamental) and in 43% of flat lesions. HPV-DNA positivity was more often found 
especially for HPV 16, in women with intra-epithelial neoplasia, compared with those 
without.

By PCR technique, HPV-DNA was demonstrated in 64% of women with sus
pected HPV vulvovaginitis without signs of intra-epithelial neoplasia. HPV 16 was 
present in 57% of these women. Eight out of twelve biopsies earlier deemed HPV- 
DNA negative by Southern blot technique proved positive by PCR.

Detection o f H PV in women referred for colposcopy.
A  comparison between different diagnostic m ethods (III)

Out of 168 women referred for colposcopy mainly because of atypical Pap-smear 
the colposcopie examination revealed evidence of genital HPV infection in 58%.
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Cytology indicated HPV infection in 21% of the women. Of these, one woman 
only had CIN III according to histopathology, while 34% of women with atypical 
Pap-smears without signs of HPV had CIN III lesions according to histopathology.

Histopathology revealed signs of HPV infection in 53% out of 155 women. His
tological signs of HPV were more common in biopsies with mild or moderate neo
plasia than in those with severe neoplasia (59% vs. 35%).

HPV-DNA analysis by Southern blot revealed that 39% of the women harbour
ed HPV-DNA. Twenty-five percent were HPV 16 positive. HPV-DNA positivity 
was more common in biopsies with severe dysplasia than in those with mild to mode
rate dysplasia (CIN III lesions were positive in 66% ). Also in cell samples the HPV- 
DNA positivity was more common in women with severe atypias than in those 
with mild to moderate atypia.

By the FISH  assay, 27% of the cell samples from 105 women with atypical Pap- 
smear were found to be HPV-DNA positive. The FISH technique on cell samples 
and Southern blot on biopsy samples were equally sensitive in detecting HPV-DNA 
in women with benign and mild-moderate dysplastic epithelium, while SB was more 
sensitive in detecting HPV-DNA in severe dysplasia. FISH analysis on cell sam
ples from 119 women with normal Pap-smears proved positive in 11%.

Altogether 46% of the women were HPV-DNA positive.
In those women positive for HPV 16/18, colposcopy revealed signs of HPV and/or 

genital intra-epithelial neoplasia in 96%.

Follow-up o f HPV-DNA-positive women after laser 
treatment due to genital intra-epithelial neoplasia (IV)

Forty-five women with cervical and vulvovaginal intra-epithelial neoplasia, all HPV- 
DNA positive by Southern or dot blot technique, were examined before and follow
ing laser surgery.

Before treatment, colposcopy revealed signs of HPV in 76% and histopatholo
gy in 67% of the women. According to HPV-DNA hybridization technique, 82% 
of the women had lesions positive for HPV 16.

Following treatment, colposcopie signs suggested HPV infection in 64% of the 
women. Histopathology revealed signs of HPV in 43% of directed biopsies from 
treated and healed areas.

HPV-DNA was present in the new epithelium covering the treated ares in 38% ; 
HPV 16 was found in 24% of the women.

In 18% of the patients, residual neoplasia was found. Of 21 biopsies without 
histological signs of either intra-epithelial neoplasia or of HPV infection, 5 were posi
tive for HPV-DNA.
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DISCUSSION

The results of this study support the view of HPV as an etiologic factor in the 
development of genital intra-epithelial neoplasia. The association between HPV and 
certain symptoms and morphological changes in the vulvovaginal mucosa has been 
emphasized.

Vulvo-vaginal H PV infection
Within the heterogeneous group of patients with vulvodynia and pruritus vulvae, 
HPV vulvovaginitis has been defined as a clinically distinct entity. In our studies a 
meticulous examination of the vulvovaginal mucosa by colposcopy revealed cha
racteristic patterns such as acetowhite flat lesions and hyperplastic mucosa form
ing granulation and filaments. Some lesions were solitary, while the majority were 
multifocal. Of the women with suspected HPV vulvovaginitis according to colpos
copy and histopathology, 40-50% had symptoms such as itching, burning, discharge 
and fissures. It was remarkable that similar morphologic changes in the mucosa were 
seen in women both with and without symptoms. When specimens from the affec
ted areas were analysed by HPV-DNA hybridization techniques, there was evidently 
no correlation between specific HPV types and various symptoms or certain col
poscopie patterns.

Other authors have also reported evidence showing HPV to be an etiological fac
tor in pruritic vulvar squamous papillomatosis (70,71). In one recent study 7 wom
en with longstanding introitai dyspareunia and burning proved positive for HPV- 
DNA (72).

The various manifestations and symptoms of HPV infection may be a reflection 
of inter- and intra-individual differences in the immunological response to HPV 
infection. The local symptoms might result from the presence of one or more spe
cific mediator, such as biogenic amines (prostaglandins, histamines) and polypepti
des (bradykinin, serotonin). Sensitization of nerves in the affected area might cau
se persistent symptoms. Due to increased exfoliation of cells caused by a relative 
progesterone preponderance during oral contraceptive use the epithelium may be
come thin and vulnerable, allowing the HPV to more easily invade the deep cell lay
ers (73). One of our hypotheses was that women using oral contraceptives ought to 
present symptoms more often than women not using them. However, no correlation 
was found between oral contraceptive use and symptomatic HPV vulvovaginitis.

Biopsies and cell samples from vulvovaginal lesions with characteristic morpho
logical changes suspected of being HPV-induced were analysed by DNA hybridi
zation techniques. The PCR technique showed 64% of such lesions to contain HPV. 
Hypertrophic epithelium — especially that forming filaments — has been suggested 
to be a physiological manifestation (74,75). Our results show however that 55% of 
biopsies from such areas contained HPV-DNA. This should be compared with the
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controls having normal vulvovaginal mucosa, all of whom were HPV-DNA nega
tive. These findings support the hypothesis that HPV may be the cause of these hyper
plastic changes in the mucosa.

According to our results obtained with immunohistochemical technique (PAP), 
lesions having a flat appearance had areas with large numbers of cells containing 
antigens. However, HPV-DNA was more often detected in filamental lesions than 
in aceto-white flat lesions. One possible reason could be that the latter harboured 
HPV types we did not test for. Another explanation could be that acetowhite flat 
lesions may also be caused by agents other than HPV, while a third explanation might 
be that samples from papillomatous lesions contain more cells, since a larger area 
is collected.

There is firm evidence that HPV infections are involved in the development of 
vulvovaginal intra-epithelial neoplasia (76). Singer & Me Canee reported that by 
careful colposcopie examination one could detect subclinical HPV infection. Such 
lesions were associated with CIN in about 50% of cases (77). Our results also indi
cate HPV to be a common causative agent in the development of genital intra- 
epithelial neoplasia. We found that 23% of those with clinically suspected HPV vul- 
vo-vaginitis had concomitant intra-epithelial neoplasia of the lower genital tract. All 
women with vulvovaginal dysplasia analysed by Southern or dot blot proved posi
tive for HPV-DNA, most of them for HPV 16. These findings support the assump
tion that the reason for the small proportion of HPV-positive benign lesions is that 
such tissue harbours fewer HPV-infected cells or perhaps few DNA-copies in each 
cell, compared with precancerous epithelium. This hypothesis is supported by the 
result obtained when using the PCR technique, which detected HPV-DNA in sam
ples with suspected HPV infection but without intra-epithelial neoplasia, earlier 
deemed negative by Southern blot.

The fact that HPV 16 was demonstrated in half of the investigated women, under
lines the importance of taking a Pap-smear in women with suspected HPV-vulvo
vaginitis.

H PV as an oncogenic marker
Genital infections of various kinds have long been suspected to be involved in the 
development of cervical cancer. The spectrum of co-factors deemed necessary for 
oncogenic expression has also been modified to conform with increased knowledge.

During the last decade the human papillomavirus — with its manifold types — 
has come under suspicion as being the most likely agent underlying neoplastic deve
lopment in the lower genital tract. The evident oncogenic potential of HPV has 
emphasized the need to evaluate the sensitivity of various techniques to achieve reli
able HPV detection. Against this background it has been hoped to devise a more 
sensitive screening tool for the identification of the women at high risk to develop 
carcinoma of the lower genital tract.

Considerable medical resources are allocated to the treatment of women hav
ing different forms of atypical Pap-smears. Although general cytologic screening has
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been routine for more than two decades, the decrease in the incidence of cervical 
cancer in Sweden has not yet reached even 50% (34). It has been estimated that only 
15% of women with intra-epithelial neoplasia would have had lesions progressing 
to invasive cancer if left untreated (78). It is also apparent that at least 10% of the 
Pap-smears examined are diagnosed false-negative. At the same time as there is an 
‘overtreatm ent’, we are still missing cases that should have been detected and 
treated (79). A more specific technique for evaluating detected cytological abnor
malities is evidently needed. Women developing cancer shortly after a normal 
Pap-smear has been taken tend to be comparatively younger than women with cer
vical cancer in general. Ashley proposed in 1966 that there might be two different 
forms of cervical cancer, one progressing rapidly in younger women, the other pro
gressing more slowly in older women (80). It is the more aggressive forms that are 
difficult to prevent.

In our studies, different methods have therefore been compared concerning their 
ability to detect HPV. Our ultimate goal was to find a method that would identify 
high-risk patients harbouring oncogenic viral types among the increasing number of 
women with an atypical Pap-smear whatever its cause.

In women with an atypical Pap-smear, the various methods gave varying results 
with respect to the overall frequency of HPV among those women investigated. 
There was also an overlap between positive and negative cases. Signs of HPV were 
observed by colposcopy in 58%, by histopathology in 53%, by cytology in 21% 
and by DNA hybridization techniques in 46%. By colposcopy the signs of HPV infec
tion are easily recognized in benign conditions. In severe dysplasia it is more diffi
cult, however, since growth and dilatation of capillaries may obscure the picture. 
In severe lesions, koilocytes have been replaced by other abnormal nuclear mani
festations. By cytology and histopathology it is therefore more difficult to identify 
HPV in cell samples and biopsies from precancerous lesions. In contrast, Southern 
blot technique increases the detection rate of HPV in proportion to the severity of 
the disease. These results are in agreement with those of other authors (24).

It is important to point out that the various results of HPV-DNA detection in dif
ferent materials are dependent on the types tested for and the methods used.

The recommendation based on our results must therefore be that the various 
diagnostic methods should be used to complement each other, so as to achieve 
optimal detectability. According to our results, SB on biopsies and FISH assays were 
equally sensitive when analysing benign lesions. However, FISH on cell samples was 
the most apppropriate for detection of HPV in benign lesions because it is simpler 
and more rapid than SB. The PCR technique was not, it must be remembered, 
available at the time when the different techniques were compared.

The influence of one or several co-factors in addition to the HPV infection, 
such as smoking, other infections, and vulnerable mucosa caused for instance by oral 
contraceptives, must be borne in mind, even though prolonged use of OCs might 
reflect other facets of sexual behavioural characteristics in women with a high risk 
of developing cervical cancer. Smoking seems to be a significant factor — of the 
women using oral contraceptives, 70% of the smokers and 50% of the non-smo-
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ers had histopathological evidence of an intra-epithelial neoplasia.
Recently, investigators have started to explore the immune-response to HPV. 

Profiles of serological reactivity to HPV 6 and HPV 16 have been devised (81,82) 
and it has been possible to distinguish between reactivity to the open reading frames 
of different HPV types. Immunological studies may prove more sensitive than HPV- 
DNA testing. However, the specific site at which the immune response is to be mea
sured may be important as well. HPV infection can occur in mucosal sites other than 
the genital tract (83). It is an interesting suggestion, that the induction of a vaccine- 
induced immune response may prevent initial infection with oncogenic viruses.

Spread o f H PV throughout the genital mucosa

Women with HPV-DNA positive CIN who had been treated by laser surgery were 
included in the study. The aim was to determine whether HPV-DNA persisted follow
ing laser treatment and, if so, whether also intra-epithelial neoplasia was present in 
the newly formed epithelium covering the treated areas. Before therapy, colposco
pie signs suggested genital HPV in 76%. After treatment, 38% still harboured HPV- 
DNA in treated areas and 18% had residual genital intra-epithelial neoplasia. How
ever, colposcopy revealed signs of genital HPV infection in 64% after treatment, 
thus supporting the view that the virus spreads throughout the genital mucosa.

At present there is a worldwide epidemic of HPV infections. The prevalence in 
the general population seems to be as high as 10-15%. According to our results 
the prevalence of HPV infection, determined by FISH, was 11% in apparently heal
thy women with normal Pap-smears. It is obvious that the examination and treat
ment of all these women is a daunting task and it is not yet clear whether this 
should be our goal. The lack of specific therapy must also be taken into considera
tion. However, women with subjective symptoms and/or concomitant dysplasia should 
be treated according to common procedures. Until we have an effective antiviral 
therapy, we must leave the asymptomatic woman without offering any therapeutic 
regimen. In consequence, many of these untreated women who have contagious 
lesions will continue to spread the HPV infection.

Future prospects

A future task is to elucidate whether HPV is a ‘passenger’ or a ‘driver’. By using 
PCR, it may be possible to, retrospectively, examine cancer specimens and vaginal 
smears from patients for the presence of HPV-DNA. It would then be possible to 
evaluate whether women with ‘missed’ invasive cancer had evidence of HPV in their 
smears previously, in contrast to a normal population.

It is evident that the HPV infection per se is not sufficient to cause cancer and 
that other factors may be essential for cancer to occur. It is still unknown why 
HPV-DNA remains episomal in precancerous lesions and how and why truncated 
sequences of open reading frames E6 and E7 become integrated to the cellular ge
nome. The fact that the protein products of E7 of HPV 16 may interact with pro

27



ducts of the RB gene suggests a common pathway in the malignant transformation 
of human cells (84). Another issue of concern is the possibility that invasive cancer 
of the cervix may gain a foothold by more than one route. There may exist two forms 
of cervical cancer, the one evolving from a longstanding precancerous lesion, while 
the other develops rapidly without a precursor state. Evidently we still need to learn 
more about the natural history of this viral infection.
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CONCLUSIONS

>- Approximately two-thirds of vulvo-vaginal aceto-white flat lesions and 
diffuse hyperplastic mucosa with a granulated or filamental surface were 
found to contain HPV-DNA by the PCR technique. All samples obtained 
from ‘normal’ vulvo-vaginal mucosa were HPV-DNA negative by the 
same technique.

>- Women with hyperkeratotic and papillomatous vulvovaginal mucosal 
lesions — judged to be HPV-induced by colposcopy and histopathology 
and/or confirmed to be HPV-induced by DNA-hybridisation techniques 
— often have symptoms such as itching, burning, discharge, and fissures, 
sometimes causing dyspareunia.

>• HPV-vulvovaginitis may give rise to atypical Pap smears even in the absen
ce of dysplasia. However, women with genital HPV infection often 
have intra-epithelial neoplasia.

>■ In almost half of the women with atypical Pap-smear, directed cervical 
biopsies proved HPV-DNA-positive by the SB technique. CIN III lesions 
were positive in two-thirds and HPV 16 was detected in more than half 
of the biopsies.

>■ The FISH technique on cell samples was as sensitive as the SB technique 
on directed biopsies in detecting HPV-DNA in women with benign epi
thelium and/or mild to moderate dysplasia. The SB technique, howev
er, was more sensitive in detecting HPV-DNA in women with severe dys
plasia. It is noteworthy that about 10% of cytologically normal cell samples 
were HPV-positive according to FISH analysis.

>• The PCR technique was more sensitive in detecting HPV-DNA in benign 
tissue than the SB technique.

>- Following laser treatment of HPV-DNA positive genital intra-epitheli- 
al neoplasia, HPV could still be detected in more than one third of the 
biopsies from the epithelium covering the treated areas.

29



ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to:

Eva Rylander, my tutor, for giving me the first ideas, for collaboration and friendship. 
And last but not least for chats during weekends and holidays, although they were 
not always about science.
Bo von Schoultz, for his critical and analytical review of approaches, for trust, sup
port and true friendship.
Ingemar Joelsson, Head of the Department of Obstetrics and Gynecology, for pro
viding excellent facilities. He has selflessly helped and encouraged me during these 
last few months; without him this work would not have been completed ‘in time’.
Göran Wadell, Head of the Department of Virology, for fruitful discussions, pro
fessional criticism and for providing facilities for HPV-DNA analysis.
Magnus Evander, my co-author, for rewarding discussions and collaboration.
Lars Bjersing and Anders Eriksson, for co-authorship.
Tord Ångström, Head of the Department of Cytology at Umeå University Hospi
tal, for help and advice, and for taking such interest in my work.
Karin Edlund, for excellent and skilful laboratory work.
Mats Löfgren and Bo Zettergren, for introducing me to the world of computers.
Inga Sjöberg for help and for being a very close friend.
Evy Hagelquist, for providing me beautiful cytological pictures for the cover.
All my collègues during the years at the Department of Gynecology and Obste
trics for understanding and caring during my obsession with papillomaviruses. Some 
of you will always have a place in my heart!
The staff at the Department of Obstetrics and Gynecology for always being help
ful and friendly.
Christina for being my sister, also in spirit.
Björn my husband for love, invaluable patience and for always being there when I 
needed him.
This investigation received financial support from the Swedish Cancer Founda
tion.

30



REFERENCES

1. Gemy (1893). Quoted in Frey E. Schweiz Med Wochenschr 1924;5:215-19.
2. Ciuffo G. Inesto positivo con filtrato di verrucae volgare. Ital Mal Venereol 1907;48:12-17.
3. Strauss M J, Shaw EW, Bunting H, Melnick JL. ‘Crystalline’ virus-like particles from skin 

papillomas characterized by intra-nuclear inclusion bodies. Proc Soc Exp Biol Med 
1949;72:46-50.

4. Dunn AEG, Ogilvie MM. Intranuclear virus particles in human genital wart tissue: obser
vations on the ultrastructure of the epidermal layer. J Ultrastruct Res 1969;22:282-95.

5. Barrett TJ, Silbar JD, Me Ginley JP. Genital warts-a venereal disease. JAMA 1954;154:333^1.
6. Rous P, Beard JW. The progression to carcinoma of virus induced rabbit papilloma (Shope). 

J Exp Med 1935;62:523-48.
7. Rous P, Friedwald WI. The effect of chemical carcinogens on virus induced rabbit carci

nomas. J Exp Med 1944;79:511-37.
8. zur Hausen H. Human papillomaviruses and their possible role in squamous cell carcino

mas. Current Top Microbiol Immunol 1977;78:1-30.
9. Durst M, Gissmann L, Ikenberg H, zur Hausen H. A papillomavirus DNA from a cervical 

carcinoma and its prevalence in cancer biopsy samples from different geographic regions. 
Proc Natl Acad Sci USA 1983;80:3812-15.

10. Durst M. Physical state of papillomavirus DN A  in tumours. In: Syrjänen K, Gissman L, 
Koss LG eds. Papillomaviruses and human disease. Berlin: Springer-Verlag 1987:393.

11. Koss L. Carcinogenesis of the uterine cervix and human papillomavirus infection. In: Syr
jänen K, Gissmann LL, Koss LG eds. Papillomaviruses and human cancer. Berlin: Spring - 
er-Verlag 1987:393.

12. Syrjänen K, Syrjänen S. Concept of the existence of human papillomavirus (HPV) 
D N A  in histologically normal squamous epithelium of the genital tract should be re
evaluated. Acta Obstet Gynecol Scand 1989;68:1-2.

13. Syrjänen K. Epidemiology of Human papillomavirus infection and their asssociations with 
genital squamous cell cancer. APMIS 1989;97:957-70.

14. Komly CA, Breitburd F, Croissant O, et al. The open reading frame of human papilloma
virus type la  encodes a minor structural protein carrying type specific antigens. J Virol 
1986;60:813-16.

15. Broker TR. Structure and genetic expressions of papillomaviruses. Obstet Gynecol Clin 
N Am 1987;14:329-48.

16. Lusky M, Botchan MR. Genetic analysis of bovine papillomavirus type I transacting repli
cation factors. J Virol 1985;53:955-65.

17. Storey A, Pirn D, Murray A, Osborn K, Banks L, Crawford L. Comparison of the in vit
ro transforming activities of human papillomavirus types. EMBO J 1988;7:1815-20.

18. Smotkin D, Wettstein FO. Transcription of human papillomavirus type 16 early genes 
in a cervical cancer and a cancer derived cell line and identification of the E7 protein. Proc 
Natl Acad Sci USA 1986,83:4680-4.

19. Rotkin I A. Relation of adolescent coitus to cervical cancer risk. JAMA 1962;179:486-91.
20. Kessler II. Venereal factors in human cervical cancer. Evidence from marital clusters. 

Cancer 1977;39:1912-9.
21. Rotkin ID. Sexual characteristics of the cervical cancer population. Am J Public Health 

1967;57:815-29.
22. Stanley M. Genital papilloma viruses, polymerase chain reaction and cervical cancer. 

Genitourin Med 1990;66:415-7.
23. Jimerson GK, Merrill JA. Multicentric squamous malignancy involving both cervix and 

vulva. Cancer 1970;26:150-3.
24. Gissmann L, Schneider A. Human papillomavirus DN A  in preneoplastic and neoplastic 

genital lesions. Banbury Rep 1986;21:217-24.
25. Hummer WK, Mussey E, Decker DG, Dockerty MB. Carcinoma in situ of the vagina. 

Am J Obstet Gynecol 1970;108:1109-16.

31



26. Ogakagaki T, Clark B, Zachow KR, et al. Presence of human papillomavirus in verrucous 
carcinoma (Ackerman) of the vagina. Immunocytochemical, ultrastructural and DNA  
hybridization studies. Arch Pathol Lab Med 1984;108:567-70.

27. Hinselmann, H. Die Kolposkopie. In: Klinische fortbildung. Neue Deutsche Klinik. 4. 
Ergänzungsbd 1936:717.

28. Coppleson M, Pixley E, Reid B. Colposcopy, a scientific approach to the cervix in 
health and disease, vol. I. Springfield Illinois: Charles C. Thomas, 1971.

29. Kolstad P, Stafl A. Atlas of colposcopy. Oslo: Universitetsförlaget, 1972.
30. Dietel H, Focken A. Das Schicksal des atypischen Epithels an der Portio. Geburtsh Frauen- 

heilkd 1955;15:593.
31. Wespi H. Early carcinoma of the uterine cervix, pathogenesis and detection. New York: 

Grüne & Stratton, 1949.
32. Papanicolaou GN, Traut HF. Diagnosis of uterine cancer by the vaginal smear. New York: 

The Commonwealth Fund, 1943.
33. National Board of Health and Welfare — The Cancer Registry. Cancer incidence in Swe

den, 1987.
34. Navratil E. Vergleich zwischen Zytologie und Kolposkopie in der Entdeckung von Früh

karzinomen. Acta Un Int Cancer 1958;14:286.
35. Held E, Schreiner WE, Oehler I. Bedeutung der Kolposkopie und Cytologie zur Erfass

ung des Genitalkarzinoms. Schweiz Med Wschr 1954;84:856.
36. Meisels A, Fortin R, Roy M. Condylomatous lesions of the cervix: II. Cytologic, colpo

scopie and histopathologic study. Acta Cytol 1977;21:379-90.
37. Purola E, Savia E. Cytology of gynecologic condylom a acuminatum. Acta Cytol 

1977;21:26-31.
38. Reid R, Crum CP, Herschman BR, et al. Genital warts and cervical cancer. III. Subclini- 

cal papillomaviral infection and cervical neoplasia are linked by a spectrum of continu
ous morphology and biologic change. Cancer 1984;53:943.

39. Richart RM. Natural history of cervical intra-epithelial neoplasia. Clin Obstet Gynec 
1967;10:748.

40. Reid R, Greenberg M, Jenson AB, et al. Sexually transmitted papillomavirus infections. 
I. The anatomic distribution and pathologic grade of neoplastic lesions associated with 
different viral types. Am J Obstet Gynecol 1987;156:212-22.

41. Fuchs P.G, Girardi F, Pfister H. Human papillomavirus D NA  in normal, metaplastic, pre- 
neoplastic and neoplastic epithelia of the cervix uteri. Int J Cancer 1988;41:41-5.

42. Durst M, Croce CM, Gissmann L, et al. Papillomavirus sequences integrate near cellular 
oncogenes in some carcinomas. Proc Natl Acad Sci USA 1987;84:1070-4.

43. Stern E, Neely PM. Carcinoma and dysplasia of the cervix: A  comparison of rates for new 
and returning populations. Acta Cytol 1963;7:361-75.

44. Barten G. Follow-up of cervical intraepithelial neoplasias and condylomatous lesions of 
the uterine cervix. Zbl Gynäkol 1990;112:99-108.

45. Syrjänen K, Väyrynen M, Assrikoski S, et al. Natural history of cervical human papilloma
virus (H PV ) in fection s based on prospective follow -up. Br J O bstet G ynaecol 
1985;92:1086-92.

46. Campion MJ, Me Canee DJ, Cuzick J, Singer A. Progressive potential of mild cervical 
atypia: Prospective cytological and virological study. Lancet 1986;ii:237—49.

47. Campion MJ. Clinical manifestations and natural history of genital human papillomavirus 
infection. Obstet Gynecol Clin N Am 1987;14(2):363-88.

48. Gross G, Ikenberg H, de Villiers E, Gissman L. Bowenoid papulosis; a venereally trans
missible disease as reservoir for HPV 16. Banbury Rep 1986;21:149-65.

49. Campion MJ, Singer A. Vulvar intraepithelial neoplasia: A  clinical review. Genitourin 
Med 1987;63:147-52.

50. Okagaki T, Twiggs LB, Zachow KR, et al. Identification of human papillomavirus D NA  
in cervical and vaginal intra-epithelial neoplasia with molecularly cloned virus-specific 
DNA probes. Int J Gynaecol Pathol 1983;2:153-9.

51. Sasson IM, Haley NJ, Wylander EL, et al. Cigarette smoking and neoplasia of the uter
ine cervix: Smoke constituents in cervical mucus. N Engl J Med 1985;312:315.

52. Bryan PN, Schiffman MH, Kurman RJ, Barnes W, et al. Oral contraceptive use, human

32



papillomavirus infection, and risk of early cytological abnormalities of the cervix. Can
cer Research 1990;50:4670-5.

53. Pater A, Bayatpour M, Pater MM. Oncogenic transformation by human papillomavirus 
type 16 deoxyribonucleic acid in the presence of progesterone and progestins from oral 
contraceptive. Am J Obstet Gynecol 1990;162:1099-103.

54. Pfister H, Iftner T, Fuchs PG. Papillomaviruses from epidermodysplasia verruciformis 
patients and renal allograft recipients. In: Howley PM, Broker TR, eds. Papillomaviruses 
molecular and clinical aspects. New York: Alan R Liss, 1985;85-100.

55. zur Hausen H. Condylomata acuminata and human genital cancer. Cancer Res 1976;36:794.
56. Young AW, Azoury RS, Me Kay M, Pincus SH, et al Burning vulva syndrome: Report of 

the ISSVD task force. J Reprod Med 1984;29:457.
57. Friedrich EG Jr. The vulvar vestibule. J Reprod Med 1983;28:773.
58. Friedrich EG Jr. Vulvar vestibulitis syndrome. J Reprod Med 1987;32:523-532.
59. Woodruff JD, Parmley TH. Infection of the minor vestibular gland. Obstet Gynecol 

1983;62:609.
60. McKay M. Vulvodynia versus pruritus vulvae. Clin Obstet and Gynecol 1985;1:123-33.
61. Koss LG, Durfee GR. Unusual patterns of squamous epithelium of the uterine cervix: 

Cytologic and pathologic study of koilocytotic atypia. Ann NY Acad Sci 1956;63:1245-61.
62. Meisels A, Fortin R, Roy M. Condylomatous lesions of cervix and vagina. I. Cytologic 

patterns. Acta Cytol 1976;20:505-9.
63. Meisels A, Fortin R, Roy M. Condylomatous lesions of cervix. II. Cytologic, colposco

pie and histopathologic study. Acta Cytol 1977;21:379-90.
64. Woodruff JD, Braun L, Cavalileri R, et al. Immunologic identification of papillomavirus 

antigen in condyloma tissues from the female genital tract. Obstet Gynecol 1980;56:727-32.
65. Gissmann L, de Villiers EM, zur Hausen H. Analysis of human genital warts (Condylo

ma acuminata) and other genital tumors for human papilloma virus type 6 DNA. Int J 
Cancer 1982;29:143-6.

66. Wagner D, Ikenberg H, Boehm N, Gissmann L. Identification of human papillomavirus 
in cervical swabs by deoxyribonucleic acid in situ hybridization. Obstet Gynaecol 
1984;64:767-72.

67. Higuchi R. Simple and rapid preparation of samples for PCR. In: Erlich HA, ed. PCR 
Technology. Stockton Press, 1989;31-8.

68. Evander M, Bodén E, Bjersing L, Rylander E, Wadell G. Oligonucleotide primers for 
amplification of the early regions 1, 6 and 7 from human papillomavirus types 6,11,16, 
18, 31 and 33. Arch Virol 1991;116:221-33.

69. Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT, Erlich HA , Arnheim N. Enzyma
tic amplification of ß-globin genomic sequences and restriction site analysis for diagno
sis of sickle cell anemia. Science 1985;230:1350-4.

70. Byrne MA, Walker MM, Leonard J, Pry ce D, Taylor-Robinson D. Recognising covert 
disease in women with chronic vulval symptoms attending an STD clinic: value of de
tailed examination including colposcopy. Genitourin Med 1989;65:46-9.

71. Growdon WA, Fu YS, Lebherz TB, Rapkin A, Mason GD, Parks G. Pruritic vulvar squa
mous papillomatosis: evidence for human papillomavirus and its etiology. Obstet Gyne
col 1985;66:564-8.

72. Turner MLC, Marinoff SC. Association of Human Papillomavirus with Vulvodynia and 
the Vulvar Vestibulitis Syndrome. J Reprod Med 1988;28:533-7.

73. Sjöberg I, Cajander S, Rylander E. Morphometrie characteristics of the vaginal epitheli
um during the menstrual cycle. Gynecol Obstet Invest 1988;26:136-44.

74. Bergeron C, Ferenczy A, Richart RM, Guralnick M. Micropapillomatosis labialis appears 
unrelated to human papillomavirus. Obstet Gynecol 1990;76:281-6.

75. Moyal Barraco M, Leibowitch M, Orth G. Vestibular Papillae of the Vulva. Arch Der
matol 1990;126:1594-8.

76. Buscema J, Nsghashfar Z, Sawada E, Daniel R, Woodruff W, Shah K. The predominance 
of human papillomavirus type 16 in vulvar neoplasia. Obstet Gynecol 1988;71:601-6.

77. Singer A, Campion M, Clarkson P, McCance D. Recognition of sub-clinical human papil
lomavirus infection of the vulva. J Reprod Med 1986;31:985-6.

78. Petersen O. Spontaneous course of cervical precancerous conditions. Am J Obstet Gyne-

33



col 1956;72:1063-71.
79. Rylander E. Negative smear in women developing cervical cancer. Acta Obstet Gynecol 

Scand 1977;56:115-8.
80. Ashley DIB. Evidence of existence of two forms of cervical carcinoma. J. Obstet Gyne

col Brit Commonw 1966;76:382.
81. Jenison SA, Firzlaff JM, Langenberg A, et al. Identification of immunoreactive antigens 

of human papillomavirus type 6b using Escherichia coli-expressed fusion proteins. J Virol 
1988;62:2115-23.

82. Firzlaff JM, Hsia C-NL, Halbert CPHL, et al. Polyclonal antibodies to human papillo
mavirus type 6b and type 16 bacterially derived fusion proteins. Cancer Cells (Cold Spring 
Harbor) 1987;5:105-13.

83. de Villiers E-M, Neumann C, Le JY, et al. Infection of the oral mucosa with defined types 
of human papillomavirus. Med Microbiol Immunol 1986;174:287-294.

84. Werness BA, Levine AJ, Howley PM. Association of human papilloma virus types 16 and 
18 E6 proteins with p 53. Science 1990;248:76.

34


