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ABSTRACT

Introduction: Cervical cancer is a malignancy originating in the transformation zone of the
cervix, most commonly in the squamous cells. It is the fourth most common cancer in women
worldwide, and the third most common cause of female cancer death. Genital human papil-
loma viruses (HPV) are sexually transmitted and approximately 630 milion people worldwide
are infected. More than 200 genotypes, subtypes and variants have been reported, 13-15
being oncogenic type, which could be responsible for cervical intraepithelial lesions (CIN) or
cancer. Aim: Aim of this study was to evaluate the prevalence of this infection and to identify
specific types of human papiloma virus in cervical intraepithelial lesions and cervical cancer
in Macedonian women. Material and methods: The study was conducted at the University
Clinic for Obstetrics and Gynecology, Skopje, Macedonia, in a period of four years. The study
was performed on a cohort of 1895, 18 - 73 year old patients who during primary examination
had already abnormal PAP smear test. Cervical cells were collected in the lithotomy gyne-
cological position of the patient, using endocervical cytobrush and cotton-tipped swab, and
both were placed in sterile test tube with phosphate buffered saline. Samples were stored at
temperature of 2 - 8 °C and Human Pappiloma Virus (HPV) genotyping was analyzed within
7 days by multiple Polymerase Chain Reaction (PCR) methods. Results: The mean age of en-
rolled women was 40,8 years+10.36 SD(minimum of 18 and maximum 73 years. Among the
patients, the presence of HPV by using PCR was detected in 40,68 % (769 patients) and was
highly associated with cervical abnormalities. The prevalence of HPV was highest (82,1%)
in women aged 20-years or less and it decreased with age and was lowest (19,9%) among
patients older than 50 years . The prevalence of oncogenic types of the virus was higher if the
cytologic diagnosis is CIN 3/Carcinoma in situ (CIS). In these patients detection of high risk
HPV was in 79,1% females with CIN 3 and 97,5 % in females with CIS .The lowest prevalence
was detected in patients with atypical squamous cells of undetermined significance (ASCUS)
(23,9%) and CIN 1-25 (6%). Results of HPV typing show that genotypes were found either
single or multiple in both single and multiple infections. We have seen that HPV 16, 18 and
31 were the most common types detected among the patients from Macedonia. HPV 16 was
present even in 52,1 % of women with CIS and in 41,2% in women with CIN 3. HPV type 31
ranked second in patients wit CIN1, CIN2, CIN3 but HPV 18 ranked second in patients with
CIS with (12,8%). Surprisingly, patients with mixed infection had more low grade intraepithe-
lial squamous lesions (LSIL) and high grade squamous intraepithelial lesions (HSIL) then CIS.
Conclusion: Among Macedonian women, HPV 16, 31 and 18 were HPV types strongly associ-
ated with intraepithelial cervical lesions and cervical cancers. The prevalence of high risk HPV
was highest in youngest women, but the risk was highest among patients with invasive cervical
cancer (ICC). Surprisingly, patients with mixed infection had more LSIL and HSIL then CIS.
Keywords: HPV genotypes, PCR, intraepithelial lesions, cervical cancer, age.

1. INTRODUCTION

Cervical cancer is a malignancy
originating in the transformation
zone of the cervix, most common-
ly in the squamous cells (1). It is
the fourth most common cancer in
women worldwide, and the third
most common cause of female can-
cer death, with aproximately 200.000
cervical cancer related deaths in

2010, including 46.000 women aged
15-49 in developing countries (2, 3).
Most affected women are those aged
30-45 years, who have never had a
PAP smear neither had participated
regularly in citology screening pro-
gram (4). Around 80% of new cases
occur in non developed countries
(2). In developed countries there is
decreased incidence of squamous
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cell carcinoma due to screening capacity and availability
of human papilloma virus vaccine, but there is increased
incidence of adenocarcinoma. In Macedonia, breast can-
cer is the leading cause for malignant neoplasms among
women in 2012, with an incidence rate of 111.7 per 100
000. Cervical cancer ranks as the 6th leading cause of fe-
male cancer in Macedonia in 2012, with 171 new cases
and incidence rate of 16,6 infected women per 100.000
(5).

Genital human papilloma viruses are commonly sex-
ually transmitted. Around 630 milion people worldwide
are infected with the virus, and 75-89% of sexually active
individuals will become infected at some point of their
life (6). More than 200 genotypes, subtypes and vari-
ants have been reported, 13-15 being oncogenic, which
could be responsible for cervical intraepithelial lesions
or cancer (7). HPV is detected in almost 100% of cervical
cancer cells, while it is present in only 10,4 % in healthy
women (8). Low grade and high grade intraepithelial le-
sions of the uterine cervix as well as cervical cancer are
associated with infection of HPV, mostly with 16 and
18 genotypes. In over 50 % of diagnosed cervical cancer
cells we can detect HPV type 16 (8). Many studies have
shown that commonly found HPVs in cells of cervical
cancer are types 16, 18, 45 and 31 (8).

Evidence in the existing literature shows that vaccina-
tion against HPV 16 and 18 could reduce almost 75% of
invasive cervical cancer worldwide (9).

Aim of this study was to detect the prevalence of the
HPYV infection in cervical intraepithelial lesions and to
identify specific types of HPV among Macedonian wom-
en. The knowledge of distribution of different genotypes
of HPV in developed and less developed countries could
help us in further development of vaccination and re-
duction of high grade intraepithelial cervical lesions and
cases of invasive cancer (10, 11).

2. OBJECTIVE

The study was conducted at University Clinic of ob-
stetrics and gynecology, Skopje, Macedonia, in a period
of 4 years (January 2012 - December 2015). The study
included a cohort of 1895, 18 - 73 year old patients, who
during primary examination had already had abnormal
PAP smear tests, that was processed and read by the pa-
tologist at our clinic, using standard conventions accord-
ing to ASCCP guidelines and cyto-pathological results
using Betethesda clasification system (12). Based on pa-
thology and medical records findings, results were clas-
sified as PAP smear test containing atypical squamous
cells of undetermined significance (ASCUS), atypical
squamous cells, cannot exclude high grade squamous
intraepithelial lesion (ASC- H), low grade intraepitheli-
al lesion (LSIL), high grade intraepithelial lesion (HSIL),
or cervical intraepithelial cancer. We excluded the preg-
nant patients, those with inflammatory disease or atro-
phic alterations. Each patient got detailed explanation of
the procedure and informed consent approved by The
Macedonian Ethics Committee. It was signed by each
patient before the examination and further procedures.
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Cervical cells were collected in the lithotomy gyneco-
logical position of the patient, using endocervical cyto-
brush and cotton-tipped swab, and both were placed in
sterile test tube with phosphate buffered saline. Samples
were stored at temperature of 2 - 8 °C and HPV geno-
typing analyzed within 7 days by multiple PCR methods.

First step in HPV testing was isolation of DNA from
collected cells (exfoliated cervical cells in phosphate
buffered saline medium). The cervical cells were digest-
ed with an appropriate buffer containing Proteinase K at
a temperature of 60 oC . DNA extraction employs glass
fibers, fixed in column that specifically bands DNA in the
presence of Chotropic salt. Genomic DNA was diluted
by a low salt solution; a negative control was included for
every DNA isolation.

HPV was detected by multiplex PCR technique with
high sensitivity and specificity, by applying DPO (Dual
Priming Oligonucleotide) technology. Positive and neg-
ative controls were included for each amplification and
the internal control used was DNA plasmid.

HPV screening can simultaneously detect virus gen-
otype and screen for 16 high-risk types (26, 31, 33, 35,
39, 45,51, 52,53, 56, 58, 59, 66, 68, 73, 82) and 4 low-risk
types (HPV 6, 11, 42 and 44). Aliquots of the PCR were
run on a 1,5% agarose gel and analyzed under UV light
following ethidium bromide standing.

The positive samples were genotyped with essay based
on the reverse hybridization principle for identification
of 37 different genotypes of the HPV . (HR HPV-16, 18,
26, 31, 33, 35, 39, 45, 51, 52,53, 56, 58, 59, 66, 68, 73, 82
and LR HPV-6, 11, 40, 42, 43, 44, 54, 61, 62, 67, 71, 72,
74, 81, 84, 91).

The essay uses specific primers (for each HPV type)
for amplification of regions E6-E7 from 37 HPV types.
During PCR, the amplification of control gene (GADPH
or 3 —globine) also occurs, acting as an indicator of the
absence of PCR inhibitors in the amplified DNA sample.
At the stage of hybridization there is specific binding of
DNA fragments amplified during the PCR reaction to a
series of probas deposited on nylon membrane.

Data analysis was performed using statistical analy-
sis software package SPSS (version 15.0, SPSS Inc. Chi-
cago,ll, USA) The subjects of the study were analysed
according to their age, diagnosed cervical intraepithelial
lesions (cytologic diagnosis) and the presence of HPV
type(s). Differences between the groups were tested by
using Chi square or Fisher exact test. Differences were
considered statistically significant if the level of signifi-
cance was p<0,05.

3. RESULTS

Cervical samples adequate for cytologic diagnosis
and HPV genotyping were available for 1895 women.
All of them had cytologic examination and were diag-
nosed with intraepithelial cervical lesions of ASCUS,
low grade, high grade or cervical cancer. The mean age
of enrolled women was 40,8 years+10.36 SD, (minimum
18 and maximum 73 years). In the cohort, the presence
of HPV was detected at 40,68 % (769 patients) and was

27



Prevalence of Specific Types of Human Papiloma Virus in Cervical Intraepithelial Lesions and Cervical Cancer in Macedonian Women

highly associated with cervical abnormalities. The pa-
tients were divided in 5 aged groups, shown in Table 1.

Age group Negative Positive Total
(years)
n % n % N
<20 5 17.9 23 82.1 28
20-30 179 45.7 213 54.3 392
30-40 336 51.4 318 48.6 654
40-50 393 70.8 162 29.2 555
>50 213 80.1 53 19.9 266
Total 1126 59,3 769 40,7 1895
Table 1. The distribution of HPV infection among women with
intraepithelial lesions by age groups
ASCUS CIN1 CIN2 CIN3 CIS
Mean age (years) 43.3+10.8 39.0:9.3 37.5:10.2 39.8:9.8 44.4:11.7
Maximum age 67 59 74 68 66
Minimum age 25 18 21 23 26

Table 2. Mean age at the patients with cervical abnormalities of our
group

As we can see from the results presented in Table 1, the
prevalence of HPV was highest in women younger than
20-years and the prevalence of HPV infection decreased
with age and was lowest among patients older than 50
years. 82,1% of the patients younger than 20 years were
positive of HPV, but only 19,9% of patients older than 50
years. Mean age of patients is presented in Table 2, show-
ing that mean age was higher if the cytologic diagnosis
was higher. Cervical carcinoma was associated with the
highest mean age (44.4 +11.7 years) of the patients.

C.ytologllcal Negative Positive Total
diagnosis

n % n % N
ASCUS 235 76,1 74 23,9 309
CIN1 630 74,4 217 25,6 847
CIN2 221 46,4 255 53,6 476
CIN3 38 20,9 144 79,1 182
CIS 2 2,5 79 97,5 81
Total 1126 Procent59,42 769  Procent40,68 1895

Table 3. The distribution of HPV infection among women with
intraepithelial lesions according to cytologic diagnosis

HPV distribution

ASCUS CIN1 CIN 2 CIN 3

Cls/Ca

® HPV negative  m HPV positive

Graph 1. The distribution of HPV infection among women with
intraepithelial lesions according to cytologic diagnosis

The prevalence of HPV infection among women ac-

cording to the cytologic diagnosis is presented in Table
3 and Graph 1. Not surprisingly, the prevalence of on-
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cogenic types is higher if the cytologic diagnosis is high-
er too, such as CIN 3/CIS. In these patients, high risk
HPV was detected in 79,1% of the females with CIN 3
and even in extremely high 97,5 % in females with CIS
The lowest prevalence was detected in patients with
ASCUS- 23,9% and CIN 1-25,6%.

Acording to the results of HPV typing, DNA of high
risk HPV genotypes was found in either single or mul-
tiple infections. We have seen that HPV 16, 18 and 31
were the most common types detected in the patients
from Macedonia (Graph 2). HPV 16 was detected in 42,3
% of all patients, in 52,1 % of women with CIS and 41,2%
women with CIN 3. HPV 16 is present in 45,3% of the pa-
tients with mixed infection. HPV type 31 ranked second
in patients with CIN1, CIN2, CIN3, while HPV 18 was
on second position among patients with CIS, presented
in 12,8%. Concerning other HPV genotypes, HPV type
33,35 and 52 or mixed infection HPV 16/18 and HPV
16/31 were also present. Most of the patients were in-
fected with high risk HPV, only few of them with mixed
low and high risk, and none of them with low risk HPV
6 or 11. Surprisingly, patients with mixed infection had
more LSIL and HSIL then CIS.

HPV genotype distribution

6 16 26 33 39 42 44 51 53 56 59 62 67 69 71 73 81 83 91

WASCUS ®CIN1 EmCIN2 @ECIN3 mClS/Ca

Graph 2. Percent (%) of HPV genotypes according to cytologic diagnosis
4. DISCUSSION

In reduction of cervical cancer related morbidity
and mortality requires development and expansion of
screening programs for cervical pathology. This was
launched in 2012 by the Ministry of Health of Republic
of Macedonia, stem gynecologists, Institute for Public
Health and the Centers for Public Health, which primar-
ily resulted with decline in the incidence and mortality
rates of cervical cancer among women in the Republic
of Macedonia. Evaluation of the prevalence and identi-
fication of the specific types of human papiloma virus
in cervical intraepithelial lesions and cervical cancer are
important stages in the process of designing a new poly-
valent vaccines in future, with a potential to prevent cer-
tain number of new cases. It could also help in vaccine
development efforts that protect against the types which
are not presented in the nowadays polivalent vaccines
and against other HPV types as well (13).

Allthougt ASCUS,LSIL, HSIL and ICC were each as-
sociated with detection of any HPV (low risk, high risk
and unclasified types), the strongest assosciations were
observed between HSIL/cancer and high risk HPV types,
as has been seen in previous studies (14-19). Our results
showed that the prevalence of HPV infection among
females with cervical intraepithellial lesions was 46,7%
and in women with ICC was even 97,5%. Various stud-
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ies have shown that prevalence of HPV infection may be
from 17,9% in presence of ASCUS and more then 80% in
the presence of HSIL (8).

Incidence of cervical cancer by age group in Macedo-
nia, in 2012, was greatest in older women, 27 patients in
the 50-54 years old group, and 25 in patients in the 55-59
years group (5). Mean age was highest (44.4 £11.7 years)
in females with ICC, but HPV prevalence was greatest in
the youngest age group (<20 years). 82,1% of the patients
were infected with high risk HPV. Among the population
where women do not receive routine PAP screening the
prevalence was highest in patients aged 55 years or old-
er, as found in 2 population based studies of women in
Costa Rica and Mexico, who reported an increased prev-
alence among older women (14, 20). Whereas in a pop-
ulation where women recive routine PAP screening, the
prevalence is higest among younger women, most likely
reflects the acquisition of HPV near the onset of sexual
activity (16, 21-23).

Our study shows that among Macedonian females vis-
iting our tertiary care facility (serving round 1,5 million
people), HPV 16, 31 and 18 were the types most strongly
associated with intraepithelial cervical lesions and cervi-
cal cancers. Many previous studies have shown that HPV
16 is the most common genotype isolated worldwide,
but diferent types are specific for particular geographi-
cal regions (14, 20-22, 25-27). Our study detected HPV
16 in 52,1.% of the females with ICC, similar to findings
of a Canadian study where HPV 16 was detected in 52%
of patients with ICC. A meta-analysis of studies of 6978
women has found that the prevalence of HPV 16 on a
global scale ranges from 51,8% (95%CI 50,1-53,5) in Eu-
rope to 33,3% (95%CI, 20,4-48,4) in Oceania (28). An-
other meta analysis conducted in Japan has detected a
rate of high risk HPV as high as 72,4% (28). In Tanzanian
women HPV was detected even in 73% of females with
ICC (29). In our population, the second HPV genotype
was HPV 31 for LSIL and HSIL which was published
also in the studies of Dutch, Mexican and British pop-
ulation, but still HPV 18 ranked second for ICC (20, 22,
24). On the other hand, HPV 53 was detected after HPV
16 among Brazilian women and women in United States,
HPV 58, among Costa Rican, West African, Japanese and
Chinese women (20-22, 24, 31). Therefore, a conclusion
is that the different HPV types might predominate in a
specific population, probably as a result of the chance
introduction of a specific virus into that population, or
varying abilities of certain HPV types to sustain as an
endemic infection in a particular geographic area. Also
it has been published that the different distribution of
HPV genotypes could be a result of different immune re-
sponse of that population (32).

The literature has also reported that multiple HPV in-
fections are related with an increased risk of HSIL/can-
cer (10, 33, 34). It is unclear if this is a result of deficient
imune response to HPV, lower level of imunoglobulin G
(IgG) and IgA in the infected tissue, or if it is synergisti-
cally enhanced by existing infection with another HPV
genotype (9, 35-38). On the other hand, our results show
some interesting differences with global data. Findings
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of a mixed infection had shown that it is more frequent
among patients with LSIL and HSIL than among pa-
tients with ICC. Our results have also shown that HPV
16 was present in most multiple infections. HPV 16/18
and HPV 16/31 were the most common combination of
mixed infection.

Findings of this study contribute to HPV knowledge
in our country that could be usefull in future, primarily
in the development of screening strategies and new vac-
cines. One of the limitations of our study was that we did
not include women with normal cytology.

5. CONCLUSION

Human papilloma viruses 16, 18 and 31 are the most
commonly detected types among Macedonian women
and at the same time they are the most strongly associat-
ed with intraepithelial lesions and cases of cervical can-
cer. The prevalence was highest among younger women
and the age of the patients was higher in the group of
women with invasive cervical carcinoma. Patients with
mixed infections most commonly had low grade squa-
mous intraepithelial lesions and high grade squamous
intraepithelial lesions than carcinoma in situ.
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