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A review of 20 years of human 
papillomavirus research in Slovenia

M.  Poljak  

Background: Human papillomaviruses (HPV), remarkably diverse DNA viruses etiologically linked 
with various benign and malignant neoplastic lesions of mucosal and skin epithelium, have been 
the subject of intensive research for the last 30 years worldwide.
Objective: Briefly to review 20 years of HPV research in Slovenia by analyzing the articles publis-
hed in journals indexed in peer-reviewed databases Medline/Pubmed, Science Citation Index/Web 
of Science, Embase and PsycINFO.
Methods and Results: Up until October 2011, Slovenian researchers published 73 articles in jour-
nals indexed in peer-reviewed databases, which can be divided into 15 categories: detection of HPV 
in archival clinical specimens, development of novel HPV tests, evaluation of various commercial 
tests for the detection of high- and low-risk alpha-HPV, HPV and anogenital tumours, HPV testing 
in routine gynecological practice, HPV and laryngeal benign tumours, HPV and laryngeal epithelial 
hyperplastic lesions and laryngeal cancer, HPV and tumors in oral cavity, HPV and esophageal 
benign and malignant tumors, HPV and inverted papillomas, genomic diversity of selected HPV 
types, hair follicles as an important endogenous reservoir of HPV, identification and characteriza-
tion of novel HPV types, HPV vaccination and HPV basic research. Until October 2011, Slovenian 
HPV papers received 473 citations (self-citation excluded) and their Hirsch index is currently h=13.
Conclusion: In the last 20 years, Slovenian HPV researchers have been actively and successfully 
incorporated in the international HPV community and have contributed small but significant achie-
vements in the field. 
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Human papillomaviruses (HPV) are remarkably 
diverse DNA viruses, which are etiologically linked 
to various benign and malignant neoplastic lesions of 
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To the best of my knowledge, HPV research in Slo

Slovenian HPV research were published in regional 

nals, on various HPV topics, ranging from basic vi

nian HPV paper being a research report describing 

and published in Journal of Clinical Virolog y in 2002 

lished Slovenian HPV studies into 15 categories and 

Detection of HPV in archival 
clinical specimens

Archival clinical specimens are an invaluable re
source for etiological and epidemiological studies of 
HPV and other viral infections in cases in which fresh 

smears are the most common archival material in 

of DNA from this archival clinical material, which 

mercial QIAamp procedure (Qiagen, Chatsworth, 
CA) originally developed for the isolation of DNA 

tion methods were found to be suitable and almost 

samples with storage times varying from 3 months to 

that the removal of coverslips from archival smears 

fully removed by simply incubating stained smears for 

preservation of tissue specimens in pathological de

ruses in archival specimens is often challenging, due to 

methods that amplify a relatively small portion of the 
viral genome are most suitable when working with ar

me

ing Extra 

ded specimens, which was performed on 31 cervical 
cancers and 31 uterine myomas, complete agreement 

traction protocols that take less than 4 hours, in order 

Development of novel HPV tests
In the past 20 years, we have developed several 

types for research and diagnostic purposes and have 
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further evaluated on 225 archival clinical specimens 
and almost complete agreement between the results 

the novel assay showed complete agreement with In
Extra CE 

reaction and the dynamic range was seven orders of 
magnitude, discriminating between 10 and 10  viral 

phism assay was recently developed for the sensitive 

BsaJI and HinFI, 

ment with the previously obtained genotyping results 
on 265 clinical samples, containing targeted and sev

Evaluation of various commercial 
tests for the detection of high- and 
low-risk alpha-HPV 
HPV types is the major etiological factor in the de
velopment of cervical carcinoma, HPV testing has 
become an important part of cervical carcinoma 

veloped during the past 12 years and our group has 

cal details of the HPV detection methods available 

problems and described measures being taken to over

and critically evaluated 33 different commercial HPV 
assays currently on the market and provided a person

The Hybrid Capture 2 HPV DNA Test (hc2) (pre

rently Qiagen), the most widely used diagnostic HPV 

Capture assays, we showed that the second generation 

form and thus more appropriate for routine detection 

sult of the reformulation of reagents and, to a lesser 

lished the clinical utility of hc2 in combination with 

genotyping HPV isolates obtained from 325 women 

tion to 13 targeted HPV types, at least 15 other HPV 

racy, we genotyped 240 samples with repeatedly bor
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with repeatedly borderline hc2 results and the hc2 

retesting of samples with repeatedly borderline hc2 
results by an alternate detection method with higher 

tive and prospective evaluation of the Amplicor HPV 

probe cocktail, we suggested that the Amplicor HPV 

tus in samples with repeatedly borderline hc2 results 

enrolled, we showed that this probe system is suitable 

ly most important HPV types and provides important 

with both normal and abnormal cervical cytology 

genotyping study, which was performed on 285 hc2 

hc2 signal strength and recommended the introduc

me

within a single test was released onto the European 

sensitivity on 362 archived routine cervical specimens 

cancer screening setting (4,432 women 20 to 64 years 

alTime is not inferior to that of hc2 for women >30 

analytical agreement between the two diagnostic tests 

ratory reproducibility and interlaboratory agreement 

HPV and anogenital tumours

nus alpha are known to infect the mucosal epithelium, 

These HPV types are the etiological agents of virtual
ly all cervical carcinomas and their immediate precur

the leading etiological role in the development of anal 
cancer and a substantial proportion of vaginal, penile, 

the development of virtually all genital warts and la

Two research groups from Ljubljana and one from 

of different grades of CIN lesions and cervical cancer 

we also showed an increasing prevalence of infection 

tion of HPV types in Slovenian women with CIN 3, 
a total of 261 cervical swabs collected from women 

most common HPV type found in CIN 3 lesions was 

similar study on a representative population of Slo
venian women with cervical cancer showed that 262 

Twenty  years  of  HPV  research  in  Slovenia



103

R e v i e w

Acta  Dermatoven  APA  Vol  20,  2011,  No  3

tic HPV vaccination with currently available vaccines 

pared the detection and distribution of HPV types in 
40 paired cervical scrape samples and tissue samples 
in patients with cervical cancer showed that cervical 

termination as tumor tissue samples in patients with 

HPV infection in 101 Slovenian women with different 
grades of CIN and were not able to demonstrate any 

In order to establish the HPV type distribution 
in genital warts in our country, we recently tested 55 
tissue specimens collected from the same number of 

valent HPV vaccine could prevent almost all inciden

Anal HPV infection commonly affects men who 

ment of anal cancer, especially in HIV positive pa

trites taken for recreational purposes through direct 
inhalation) were found to be strongly associated with 

HPV testing in routine 
gynecological practice 

HPV DNA testing has recently become an impor
tant part of cervical carcinoma screening and manage

to determine which patients should be referred for 

screening cytology results who are negative at initial 
colposcopy/biopsy, (iii) prediction of the therapeutic 

in combination with the Pap smear to detect cervical 

the world, we have also performed several clinically 
oriented studies in the last decade in order to evaluate 
the clinical usefulness of HPV testing in daily routine 

In 2005, we determined the prevalence and distri

with repeat mild dyskaryosis and evaluated three mo

genotypes that could be used as a complementary 

that the cervical screening program in Slovenia is 
overburdened with mild dyskaryosis, that repeat cytol

ineffective and that HPV testing should be introduced 
as a complementary method in a triage of women with 

In a prospective study performed in Ljubljana 

eliminating HPV infection in women with precancer

respectively, were hc2 HPV negative 10 months af

tive results obtained in some patients with recurrent 

and cytology for the detection of residual or recurrent 

nation of the slightly different results obtained in the 

in situ hy

In a study performed on 181 women in Ljubljana, 
we showed that a relatively high proportion of women 
surgically treated in our country are in fact overtreat
ed, due to overestimation of the cytological and histo

 

termined by ISH in patients with different grades of 
CIN related to the use of three different contraceptive 
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18 prevalence were found among patients in relation 

HPV and laryngeal benign 
tumours

papillomas are etiologically linked with HPV, mainly 

laryngeal papillomas obtained from 36 patients for 

differences between juvenile and adult papillomas, the 

and there was no prevalent type of epithelial hyperpla

cal hyperplasias (precancerous lesions) were found 

malignant transformation of laryngeal papillomas was 

monoclonal antibody PAb 1801 revealed occasional 

basal epithelial cells in 26 cases, basal cell layer im

lium in 11 cases and in 21 cases we failed to show any 

served patterns of p53 immunoreactivity in the ma
jority of cases were interpreted as a result of immu

grade of epithelial abnormalities, cytoplasmic staining 

Quantitative analysis of the presence of Langerhan’s 
cells using CD1a and S100 antibodies showed no sta

of Langerhan’s cells per mm2

epithelium covering laryngeal papillomas, comparing 
simple, abnormal and atypical hyperplasia groups, but 
the mean number of Langerhan’s cells per mm2 in la

vocal cord surface epithelium in patients with chronic 

HPV and laryngeal epithelial 
hyperplastic lesions and laryngeal 
cancer

Laryngeal epithelial hyperplastic lesions, usually 

are a broad spectrum of histomorphological changes 

lesions have been the subject of intensive research of 

ryngeal papillomas, the role of HPV in the etiology of 
laryngeal epithelial hyperplastic lesions and laryngeal 

ries of laryngeal epithelial hyperplastic lesions, rang

cell carcinoma, using three different HPV consensus 
ISH 

6 was detected in one case of simple hyperplasia and 

geal epithelial hyperplastic lesions are not associated 
with HPV infection and that other pathogenic mecha
nisms are more important in the etiology of these le

tibody PAb 1801 in a similar case series of laryngeal 

active cells and staining intensity increased with the 

ered to be a reliable prognostic factor for any group of 
laryngeal epithelial hyperplastic lesions, regardless of 
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respectively, and tended to increase with the degree 

the majority of cases and changed from predominant
ly membranous in simple hyperplasia to cytoplasmic 

itself adds little predictive value over routine histo

thickness in atypical hyperplasia could be considered 
a reliable pattern that correlates with the progression 

netic changes underlying the entire spectrum of laryn
geal epithelial hyperplastic lesions and laryngeal can

increased in correlation with progressive grades of la

numbers between the isolated atypical hyperplasia 
and atypical hyperplasia associated with laryngeal car

associated with an upregulation of epidermal growth 
factor receptor and p53 genes, and could contribute 

practice, cytogenetic and immunohistochemical anal
yses could be of assistance in distinguishing between 

However, a different etiology of laryngeal cancer and 

ing group of the European Society of Pathology in 

our research group has written three comprehensive 

HPV and tumors in oral cavity
In order to elucidate the putative etiologic role of 

HPV in the development of tumors in the oral cavity, 

comparative study performed on tissue specimens of 

mal oral mucosa from individuals who matched the 

obtained tissue specimens, and drinking and smok
ing habits, the presence of HPV DNA was detected 

cell papillomas and tissue specimens of histologically 
normal oral mucosa obtained from individuals who 
matched the patients with papillomas in age, gender 

normal oral mucosa were HPV DNA positive, harbor

difference in the prevalence of HPV DNA was found 
between cases and control in both studies, we consid
er that HPV plays a limited role in the etiology of oral 
papillomas and the majority of oral cancers, at least in 

HPV and esophageal benign and 
malignant tumors

date the putative etiologic role of HPV in the develop

lomas, rare benign tumors of the human esophagus, 

the role of HPV infection in the etiopathogenesis 
of these tumours, we tested a total of 36 esophageal 

ing from Slovenia and Poland for HPV infection, us

papillomas, indicating that pathogenetic mechanisms 
other than HPV infection are important in the eti

series was immunostained for p53 using the mono

was found only in occasional epithelial cells and in 

the result of immunohistochemical detection of stabi

Some studies, mainly from high risk areas, have 
suggested a possible role of HPV in the carcinogen

pilot study on 22 cases of esophageal cancer and de
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To elucidate further the putative role of HPV infec

screened 121 esophageal cancers using eight different 

study supports the hypothesis that esophageal can

areas of this cancer are not associated with HPV in

HPV and inverted papillomas

tive lesions are known for their high recurrence rate, 

samples from 68 patients with inverted papillomas, 5 

had undergone septoplasty or mucotomy of the infe
rior turbinate, revelaled the presence of HPV DNA in 

Genomic diversity of selected HPV 
types 

selected HPV types, have been performed in our labo

graphically closed cohort of white European women 

In a study that focused on the genomic diversity of 

from pubic, scrotal, perianal or eyebrow regions from 
31 immunocompetent healthy male individuals were 

lished in a study carried out on the largest number of 

genital warts and 32 obtained from laryngeal papil

6vc genomic variants were found in the majority of 

A similar study was performed on the second 

nucleotide data for each of the 63 clinical isolates of 

were found in the majority of samples included in the 

for the 10 most divergent isolates, revealing more than 

ity of other HPV types studied to date, including the 

The prevaccination genomic diversity of the three 
most common HPV types found in Slovenian women 
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Hair follicles as an important 
endogenous reservoir of HPV

Three studies have been conducted to investigate 
whether hair follicles represent an endogenous reser

that the use of a combined primer approach consider
ably improves HPV DNA detection over individual 
primer sets and greatly improves the detection of 

In the second study, a total of 150 anogenital hairs 
plucked from the scrotal, pubic, and perianal regions 
of 51 immunocompetent healthy male individuals 

a/Ha

samples plucked from the pubic, scrotal and perianal 

In the third study, the presence and distribution 

genital hairs plucked from scrotal, pubic and perianal 
regions of 53 male patients with genital warts and 53 

the sampling sites, HPV was detected in patients in 

was found to be strongly associated with the presence 
in anogenital hairs of the HPV type causing the geni

Identification and 
characterization of novel HPV 
types

As mentioned above, several putative novel HPV 

of novel HPV types showed them to be phylogeneti
cally related to cutaneous HPVs of Alphapapillomavirus 

Betapapillomavirus species 5 

relationships among HPV types do not necessarily 

novel HPV types was assessed by testing a panel of 

associated benign neoplasms (genital warts, laryngeal 
papillomas, common warts) and, additionally, hair fol

151 are relatively rare HPV types with a cutaneous 

basal cell carcinoma of the skin in immunocompetent 

HPV vaccination

with the aim of determining the level of knowledge 
and awareness of women about cervical cancer, Pap 
test, HPV infection and HPV vaccination, using a 

women aged from 18 to 55 years from all regions of 

that there is an urgent need in this country to pro
vide the lay population and medical community with 
relevant and accurate information on HPV infection, 
on early detection of cervical cancer and on HPV vac

vaccination alongside the cervical cancer screening 
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kov model representing the natural history of HPV 

with screening compared with screening alone was as

Health Council in Slovenia, HPV vaccination along
side the screening programme can be regarded as 

HPV basic research 
Slovenian researchers from the University of Nova 

in 

vivo

affects the stability of the L2 protein and postulated 
that sumoylation of L2 may play a part in viral cap

In a review article, the same research group recent
ly discussed the functions of the viral proteins that ap
pear to be the most appropriate for the development 
of therapeutics aimed at the treatment of viral infec
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