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Abstract. The incidence of human papillomavirus (HPV) in the 
human cancer domain is still a subject of intensive study. In this 
study, we examined cervical swab samples from 713 females 
with genital warts, and tested the samples for high‑ and low‑risk 
genital HPV. HPV genotyping was assessed using a Genotyping 
test that detects HPV by the amplification of target DNA using 
polymerase chain reaction and nucleic acid hybridization. In 
total, we detected 37 anogenital HPV DNA genotypes [6, 11, 
16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 
61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73 (MM9), 81, 82 (MM4), 
83 (MM7), 84 (MM8), IS39 and CP6108] and investigated the 
incidence of these genotypes in the patients with genital warts. 
We found differences in the distribution of high‑/low‑risk 
strains and the incidence of high‑risk strains was found to occur 
mainly in females under 35 years of age. The data from our 
study suggest that a detailed oral, rectal and genital identifica-
tion of high‑risk strains should be performed to visualize the 
entire pattern of possible triggers of carcinogenesis.

Introduction

The burden of cervical cancer, which is the main type of 
cancer related to human papillomavirus (HPV) infection, is 
substantially higher in Central and Eastern Europe compared 

with the rest of Europe, with increasing trends of incidence and 
mortality in several countries. However, several gaps in knowl-
edge exist concerning the incidence and associated mortality 
of other HPV‑related cancers. The same is true for HPV preva-
lence and type distribution among women with HPV‑related 
cancers other than cervical cancer and in the general female 
population (1).

Limited data are available regarding HPV incidence in 
Romania and in terms of mortality due to cervical cancer, 
Romania ranks first in Europe, recording 6.3‑fold more deaths 
from cervical cancer than the mean registered number in 
other European countries. Although vaccination campaigns 
were launched by health officials in Romania, the acceptance 
rate remained low and thus the programs were discontinued. 
A successful vaccination program requires a high rate of 
acceptance and accurate information for health professionals 
and parents (2). In 2014, Salavastru et al published an epide-
miological study stating that genital infection with HPV has 
become one of the most frequently viral sexually transmitted 
diseases. The infection may remain asymptomatic, may take 
the form of external genital warts or may give raise to cervical 
cancers. The aim of that study was to assess the frequency of 
patients with genital warts, obtaining data from five tertiary 
referral dermatological units in Romania, and to compare the 
results with outpatient data reported by all Romanian hospi-
tals (3). The study reported data obtained for the year 2012, 
with 952 patients (731 females and 221 males) with 26 males 
under 20 years of age and 251 female patients in the age group 
of 0‑20 years. In the overall population (males and females 
combined) the total number of genital warts cases registered at 
the hospital emergency rooms in the five centers, was approxi-
mately 30%. In that epidemiological study though, no data were 
obtained regarding HPV cervical or urethral genotyping, the 
incidence of high‑risk HPV strains versus low‑risk strains and 
the possible effects on cervical cancer (3).
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In this study, in order to establish the actual high‑risk strain 
distribution in a female population, we assessed the incidence of 
HPV strains through HPV genotyping in patients with genital 
warts to highlight the particular pattern of this tumorigenesis 
related‑virus in order to obtain a better understanding of the 
possible effects in time upon carcinogenesis.

Materials and methods

A total of 713 female patients with genital warts, treated at 
Medicover Healthcare Centre (Bucharest, Romania), from 
January to December, 2015 comprised the patient group and 
cervical swabs were obtained from these patients. All patients 
provided written informed consent prior to obtaining the 
samples, and this study was approved by the Ethics Committee of 
Carol Medical Center, Bucharest, Romania. Cervical cells were 
collected in PreservCyt® Solution (Cytyc Corp., Boxborough, 
MA, USA) and then analyzed. HPV genotyping was assessed 
using LINEAR ARRAY® HPV Genotyping test (Roche 
Diagnostics, Indianapolis, IN, USA). Briefly, the test detects 
HPV by the amplification of target DNA using polymerase chain 
reaction (PCR) and nucleic acid hybridization as follows: 

The standard kit was developed according to previously 
published protocols (4). Briefly, the samples were prepared for 
PCR by standard protocols by digestion with proteinase K and 
1% Laureth-12, spun and heated to 95˚C for 10 min residual 
protease denaturation. The samples were centrifuged and 5 µl 
was used for each PCR assay. PCR amplification was performed 
according to the manufacturer's recommendations. Briefly, a 
working master mix was prepared and added into each reaction 
tube. Subsequently, 50 µl of each processed sample was added 
to the appropriate amplification tubes containing the working 
master mix. The PCR cycling conditions were as indicated 
by the manufacturer. Quality control consisted of 2 µl of the 
amplicon electrophoresed on a 1.5% Flash gel (Lonza Inc., 
Rockland, ME, USA) and if correct banding was present, geno-
typing followed. HPV genotyping was performed according 
to the manufacturer's recommendations. A total of 75 µl of 
denatured amplicon was added to each standard labeled strip, 
and several incubation and washing cycles were performed at 
53˚C for 30 min. Subsequently, 4 ml of conjugate were added to 
each well containing a strip, followed by incubation for 30 min. 
After washing, 4 ml of working substrate were added to each 
well, followed by incubation. After the strips were dried, the 
HPV genotyping calls were made using the detectable hybrid-
ization bands provided by the manufacturer. The test detects 
37 anogenital HPV DNA genotypes [6, 11, 16, 18, 26, 31, 33, 35, 
39, 40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 
69, 70, 71, 72, 73 (MM9), 81, 82 (MM4), 83 (MM7), 84 (MM8), 
IS39 and CP6108].

Statistical analysis was performed using ANOVA and 
a value of P<0.05 was considered to indicate a statistically 
significant difference. The results are presented as a percentage 
of the distribution and age incidence in various groups using 
the Prism and Excel programs.

Results

According to the literature  (1-3), there is a panel of HPV 
high‑risk strains, namely 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 

59 and 68, while the panel comprising 26, 40, 42, 53, 54, 55, 61, 
62, 64, 66 and 67 is considered low‑risk. In the patients enrolled 
in our study who were diagnosed with genital warts, we found 
that although there was a clear-cut difference between the 
groups with the high- versus the low-risk strains, there are also 
a group of patients (not quite negligible) that had both strain 
types.

When assessing the samples of the patient group (Fig. 1), 
approximately half of the females examined tested as negative 
for any HPV strains, while the low‑risk strains only were found 
in approximately 15% of all cases. Almost 85% of the study 
population tested positive either for the high‑risk strains or for 
mixed strains (high + low‑risk strains). This last subpopulation 
of tested females comprised the group that had exhibited a risk 
pattern, and in terms of numbers, this covered almost half of 
the population, this latter subpopulation being the main group 
with a significant risk of developing cancerous lesions.

When assessing the age distribution of all the tested female 
patients (Fig. 2), we found that as regards the mean age of the 
low‑ and high‑risk female patient groups, there was no statis-
tically significant difference, while in the group that tested 
negative there is a clear-cut increase as in mean age. When 
examining the statistical significance as regards the predis-
position for cancer associated with high‑risk HPV in terms of 
female age (Fig. 3) we observed that there was a clear tendency 

Figure 1. Human papillomavirus (HPV) strain distribution in the investigated 
study population: percentage of strain type reported in all cases investigated.

Figure 2. Age distribution in the investigated group in terms of high/low and 
negative strain identification.
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towards the high‑risk HPV strains in patients <35 years of age, 
with no actual preponderance among the different high‑risk 
strains.

Discussion

Over the past years, the healthcare system and pharmaceutical 
industry are facing major challenges due to the economic and 
social changes (5). In this context, in 2013, two analyses devel-
oped under the aegis of the Center for Disease and Control and 
Prevention (CDC) highlighted the severe human and economic 
burden associated with sexually transmitted infections (STIs) 
in the United States (6,7). These two studies estimated the 
number of new STI cases per year in the United States to be 
approximately 20 million, and estimated the total lifetime 
direct medical costs for these new cases of STIs to reach to 
almost 16 billion USD. While most of these STIs will not cause 
harm, some have the potential to cause serious health problems, 
particularly if not diagnosed and treated at an early stage (8). 
In our study, in our female population, the high‑risk HPV 
strains were found in the patients who were <35 years of age. 
While the vast majority of HPV infections will self heal within 
2 years and cause no harm, some of these infections will take 
hold and potentially lead to serious disease, including cervical 
cancer  (8,9). Although there is also no generally accepted 
definition of HPV persistence (10), the most commonly used 
definition is two or more HPV DNA‑positive tests during the 
follow‑up (11,12).

HPV16 and 18 are the predominant oncogenic genotypes, 
involved in the development of 70% of global cervical cancer 
cases (13,14), with the exception of women infected with HIV, 
in whom HPV58 is reported to be the second most dominant 
strain behind HPV16  (15). In our study, no HIV+ subjects 
were enrolled and the predominant strain in female subjects 
was strain 16, followed by strains 52, 51 and 18. It has been 
reported that the majority of young females with oral HPV 
infection have cervical HPV infection with type concordance 
and dominance of HPV16 (16,17). In this aspect, the continua-
tion of our study will be the identification of high‑risk strains in 
both cervical and oral sites. As the literature is citing extremely 
diverse associations, different results in studies may be due to 

the different populations, biological sampling methods and the 
assays used (16,18).

However, for neoplastic transformation to take place, apart 
from HPV infection, a number of putative viral, host and 
environmental co‑factors, such as ionizing irradiation, UV 
exposure, as well as mechanical and chemical stresses are 
required (19). As we found in our female population, there was 
a significant proportion of subjects exhibiting a combination of 
high‑ and low‑risk HPV strains; thus, we cannot rule out the 
possibility of the association of low‑risk strains with the risk of 
neoplastic transformation.

HPV is a leading cause of anogenital malignancies and a 
role of HPV in the etiology of oro‑pharyngeal cancers has been 
demonstrated. The frequency of oral HPV infection in patients 
with genital warts and the association between concomitant 
genital, anal and oral infection is unclear. Kofoed et al recruited a 
total of 201 men and women with genital wart‑like lesions. Swab 
samples were obtained from the genital warts and the anal canal 
and an oral rinse was collected. Anal HPV was found in 46.2% 
and oral HPV in 10.4% of the participants. The concordance 
between anal and genital wart HPV types was 78.1%, while the 
concordance between oral and genital wart types was 60.9%. 
A lower concordance of 21.7% was observed between the anal 
and oral HPV types. Significantly more women than men had 
multiple HPV types and anal HPV (20). In our study, all enrolled 
patients were diagnosed with genital warts.

In conclusion, in this study >700  female subjects were 
tested for high‑  and  low‑risk genital HPV. We found that 
the high‑risk strains were mainly identified in the patients 
<35 years of age. The incidence of HPV in the human cancer 
domain is still a subject of intensive investigation. There are 
areas in the field of HPV infection in which there are still 
ongoing debates and conclusions have not yet been reached. 
For example, there is still debate as to the involvement of 
stresses in triggering dermatological conditions (21) and/or 
the involvement of stresses in triggering an HPV+ lesion to 
evolve into neoplasia (22‑24). Chemically-induced pro‑tumoral 
factors, drugs and environmental milieu (25), represent another 
domain that could explain HPV+-triggering conditions. Last 
but not least, the omics domain (26) may bring additional data 
into this field, as there are data showing a pro‑tumoral asso-
ciation of HPV+ lesions with miRNA profiles and/or particular 
proteomics patterns (27).
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