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Abstract

Background: Persistent high-risk human papillomavirus HPV (HR-HPV) in-
fection is the most significant risk factor for epithelial cell changes, the devel-
opment of high-grade squamous cell lesions, and the progression to cervical
cancer. This study aimed to provide epidemiological data and assess the prev-
alence and genotype distribution of HR-HPV. Methods: Liquid-based cytol-
ogy (LBC) samples from 190 Bulgarian women were simultaneously tested to
identify HR-HPV genotypes and perform cytological analysis. HPV detection
and genotyping were performed using the clinically validated Alinity m HR-
HPV assay. This test provides detailed information on HPV16, HPV18, and
HPV45 and categorizes the remaining 11 HR-HPV genotypes. Results: HR-
HPV infection was detected in 16.8% of the women screened, with mean age
of 38.2 (+9.8) years. Infection with HPV16 was seen in 5.3%, HPV18 positivity
was 2.2% and genotype HPV45 was found in 1.0%. Abnormalities in LBC cy-
tology were observed in 18.9% of women. HR-HPV positivity in normal cy-
tology samples was 5.2% and 63.9% in abnormal smears. Conclusion: At pre-
sent, there is a notable absence of official data concerning the substantial im-
pact of HPV in Bulgaria. Presented baseline findings establish a foundational
understanding of the prevalence and genotype distribution of HR-HPV within
selected segments of the Bulgarian population.
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1. Introduction

Human papillomavirus (HPV) is a double-stranded DNA virus within the Papil-
lomaviridae family that is responsible for the most prevalent sexually transmitted
infection globally, adversely affecting personal social life [1]. Concurrently, HPV
accounts for nearly 5% of all oncological diseases in both women and men world-
wide, thereby reducing life expectancy [2]. The Papillomaviridae family includes
two subfamilies (First-papillomavirinae and Second-papillomavirinae), compris-
ing 53 genera and over 130 species [3]. Over 200 HPV genotypes have been iden-
tified, categorized into different genera (Alpha, Nu/Mu-, Beta-, and Gammapap-
illomavirus) based on viral genome structure and tropism to human epithelial tis-
sues, affecting epithelial cells at various localizations in the human body [4]. Based
on their scientifically established link to carcinogenic potential, mucosal alphap-
illomaviruses are divided into two primary groups: non-oncogenic, low-risk HPV
(LR-HPV), such as types 6 and 11, which are responsible for cutaneous and ano-
genital warts and respiratory tract papillomas, and oncogenic HPV (HR-HPV),
which causes cervical cancer, anogenital cancers, and oropharyngeal cancers, as
well as anal, vulvar, vaginal, and penile cancers [5]. Approximately 40 HPV types
infect the mucosal epithelium, including types 16, 18, 31, 33, 35, 39, 45, 51, 52, 53,
56, 58, 59, 66, and 68, which are classified as oncogenic HR-HPVs [6]. Interna-
tional Agency for Research on Cancer (IARC) recognizes 12 HPV types as onco-
genic (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) and 1 HPV type as
“probably oncogenic” (HPV68) [7].

In the 1970s, Prof. Zur Hausen established the relationship between HPV and
cervical cancer. A German virologist confirmed the hypothesis that the viral in-
fection found in condyloma acuminata (genital warts) might lead to cervical neo-
plasia and invasive cancer development. The author was awarded the Nobel Prize
in Physiology or Medicine in 2008 [8]. The replacement of cervical carcinogenesis
can be summarized in four stages: 1) HPV acquisition, 2) HPV persistence (vs.
clearance), 3) progression of a persistent infection to cervical precancer, and 4)
invasion. The carcinogenic potential of HPVs is due to the function of viral E6
and E7 oncoproteins that enhance uncontrolled cell proliferation and block apop-
tosis by inactivating the cell cycle control factors p53 and pRb, respectively [9].

The prevalence of HPV infection varies geographically and demographically,
and is influenced by factors such as sexual behavior, socioeconomic status,
healthcare access, and vaccination coverage. HPV infects both men and women,
although the disease burden is significantly higher in women due to the high sus-
ceptibility of cervical cells to HPV infection [10]. Despite the high incidence of
HPV infections, 70% - 90% of infected individuals experience spontaneous reso-
lution within 1 - 2 years, without progressing to clinically manifest disease. In a
minority of cases, infection persists, evading immune system detection, suppress-
ing innate immunity, and hindering the adaptive immune response. Persistent in-
fection is the most significant risk factor for epithelial cell changes, the develop-

ment of high-grade squamous cell lesions, and the progression to cervical cancer
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and other malignancies [11].

HR-HPYV genotype 16 is responsible for approximately 50% of cervical cancer
cases globally, with genotypes 16 and 18 together accounting for approximately
66% of cases. Additionally, five other high-risk types, 31, 33, 45, 52, and 58, con-
tributed to a further 15% of reported cervical cancer cases and 11% of all HPV-
related cancer cases [12]. Over 50% of women were infected with HPV by the age
of 21, which correlates with the peak incidence of cervical cancer occurring be-
tween the ages of 40 and 55. Between 5% and 30% of individuals infected with
HPV harbor multiple virus types [13]. Due to multiple HPV genotypes, infection
with one type of virus does not confer immunity against another type, potentially
leading to subsequent infections. Furthermore, the post-infection immune re-
sponse is often short-lived, allowing for reinfection with the same HPV type [14].

The World Health Organization has crafted a worldwide plan to eradicate cer-
vical cancer as a public health issue. Often dubbed the “cancer of the young”, cer-
vical cancer sees about 660,000 new cases and 350,000 deaths each year. This type
of cancer is largely preventable through HPV vaccination and regular screenings,
as advised by national guidelines, and it can be successfully treated if caught early
and managed swiftly [15]. Nations across the globe are ramping up efforts to elim-
inate cervical cancer, following the global 90-70-90 targets: ensuring 90% of girls
are fully vaccinated with the HPV vaccine by age 15, 70% of women undergo
screening by ages 35 and 45, and 90% of women with precancerous conditions or
invasive cancer receive suitable treatment. In many European countries, vaccina-
tion, screening programs, and follow-up treatments have led to a decrease in cer-
vical cancer incidence and mortality [16].

Cervical cancer is the 4th most frequent cancer among women in Bulgaria and
the 2nd most frequent cancer among women between 15 and 44 years of age. Ap-
proximately 1009 new cervical cancer cases are diagnosed annually in Bulgaria. In
Eastern Europe, the region of Bulgaria accounts for 9.7% of women in the general
population who are estimated to harbor cervical HPV16 and HPV18 infection,
and 84.7% of invasive cervical cancers are attributed to HPV16 or 18 [17] [18].

The Alinity m HR-HPV assay, developed by Abbott Molecular in the USA, re-
ceived the CE mark in 2019 as part of a series of advanced molecular assays com-
patible with the automated continuous random-access Abbott Alinity m system.
This HPV assay is designed to detect and partially detect 14 high-risk HPV geno-
types. Extended genotyping for high-risk human papillomavirus types enhances
diagnostic precision by identifying additional oncogenic HPV types beyond HPV
16 and 18. The assay provides detailed information on three primary high-risk
HPV genotypes-HPV16, HPV18, and HPV45, and categorizes the remaining 11
targeted high-risk HPV genotypes into two groups: HPV31, 33, 52, 58 (other HR-
HPV A) and HPV35, 39, 51, 56, 59, 66, 68 (other HR-HPV B) [19].

Since 1941, the Papanicolau-stained smear test (PAP test) has served as the
standard method for screening premalignant lesions and cervical cancer. How-

ever, it has a false-negative rate of 5% to 20%, influenced by factors such as the
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population being tested, the quality of the laboratory, and the disease threshold.
Given the limitations of conventional PAP primary testing for high-risk HPV is
globally recommended as a strategy for cervical cancer screening in women with
normal risk levels [20]. Currently, molecular HPV tests are used in conjunction
with liquid-based cytology for cervical cancer screening. These tests serve as an
inijtial primary screening method to identify abnormal cellular changes in the cer-
vix that could potentially develop into cervical cancer and to detect atypical squa-
mous cells of undetermined significance or squamous intraepithelial lesions. This
screening and monitoring should be tailored according to professional medical
guidelines, taking into account previous screening outcomes, medical history, and
other risk factors [21].

2. Materials and Methods
2.1. Aim of the Study

The objective of this study was to evaluate the prevalence and genotype distribu-
tion of high-risk human papillomavirus using the Alinity m analyzer in a cohort
of 190 women across Bulgaria. These individuals were tested at one of the largest
medical diagnostic laboratories at the inception of the newly initiated and ex-
panded “National Program for Primary Prevention of Cancer Diseases Caused by

Human Papillomavirus 2025-2030” in Bulgaria.

2.2. Study Population

This descriptive, cross-sectional study on the prevalence of high-risk HPV was
conducted over a six-month period from May 2025 to October 2025 at the Medical
Diagnostics Laboratory Synevo in Bulgaria. Participants in our study were re-
cruited exclusively from routine cervical cancer screening appointments. Cervical
swab samples were collected by a gynecologist during consultations using a spe-
cialized cervical brush and placed in a container designed for liquid-based cytol-
ogy (LBC) (ThinPrep PreserveCyt test collection vials, Hologic, UK). The vials
containing the specimens in PreservCyt Solution were stored at room temperature
and transported to the laboratory for processing. Upon arrival at Synevo, the cer-
vical samples were tested concurrently in routine liquid-based cytology for HR-
HPV genotypes and cytology from the same test collection vial, as the solution
was formulated to preserve cellular integrity for both cytological evaluation and
ancillary molecular testing. The respondents did not provide information on epi-
demiological factors such as their vaccination status, history of screenings, or be-
havioral risk factors.

2.3. HR-HPV Screening with Alinity m

Women participating in the HPV screening round were evaluated using the fully
automated molecular diagnostics analyzer Alinity m (Abbott, USA), employing
the high-risk (HR) HPV assay, in accordance with the manufacturer’s instruc-

tions. The HR-HPV assay is a qualitative test that facilitates the identification of
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HR-HPYV genotypes and genotype groups within a highly conserved region of L1
at clinically relevant levels. Alinity m HR-HPV is recommended for cervical can-
cer screening and patient management in alignment with professional medical
guidelines, including HPV primary screening, co-testing (adjunctive screening),
and triage of atypical squamous cells of undetermined significance (ASC-US) in

women to assess the risk of cervical cancer.

2.4. Principles of Alinity m HR HPV PCR Procedure

The Alinity m HR HPV assay comprises several sequential steps, including sample
preparation, PCR assembly, amplification/detection, and calculation and report-
ing of the results. The Alinity m system automates the entire assay procedure,
eliminating the need for user intervention in the intermediate processing or trans-
fer steps [22].

1) Sample Preparation (Nucleic acid extraction and purification). Nucleic acids
from specimens were extracted using the Alinity m Sample Prep Kit 1 and Alinity
m System Solutions. Nucleic acid extraction (lysis) disrupted the biological matrix
to release the nucleic acid materials and allowed it to adhere to the surface of mag-
netic microparticles. The magnetic microparticle technology facilitated nucleic
acid capture, wash and elution.

2) Nucleic acid amplification. Purified specimen nucleic acids were amplified
by real-time polymerase chain reaction (PCR) using a mix composed of thermo-
stable DNA polymerase, dANTPs, MgCl,, and short oligonucleotide primers for the
14 HR-HPYV targets and an endogenous human beta-globin sequence. The endog-
enous human beta-globin sequence was measured in a separate channel and
served as an internal control (IC) to evaluate cell adequacy, sample extraction, and
amplification efficiency.

3) Nucleic acid detection. Within a single PCR well, the Alinity m HR HPV
probes were labeled with different fluorophores that allowed for genotype specific
detection of HPV 16, 18, and 45 while the remaining 11 HR HPV genotypes were
detected as other HR-HPV A (HPV31, 33, 52, 58 genotypes) or other HR-HPV B
(HPV35, 39, 51, 56, 59, 66, 68). Amplification of beta-globin sequence was de-
tected also reported separately using a uniquely labeled fluorescent probe.

The Alinity m System’s data analysis software provided two basic types of anal-
ysis for a single assay reaction: Ct (threshold method and MaxRatio (Maximum
ratio, MR) method. The MaxRatio method is an Abbott’s proprietary algorithm
to produce MaxRatio value that is related to PCR efficiency and is used to differ-
entiate positive from negative reactions. Ct threshold method was defined as the
cycle number at which the PCR fluorescence signal reached established threshold
above the baseline fluorescence level. Every signal was defined either as “HPV de-
tected”, if the cycle number (CN) is less than or equal to a fixed cutoff cycle for
that signal, or as “HPV not detected”, if CN is not generated or it was possibly
greater than the assay cutoff cycle.

Inclusion criteria were: 1) female sex, 2) cervical samples for liquid-based cy-
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tology—ThinPrep, 3) HPV test performed on Alinity m (Abbott) in Synevo labor-
atory, Bulgaria and 4) valid result of the performed HPV test. Exclusion criteria
were: 1) women tested for HPV with samples different from LBC (ThinPrep), alt-
hough Alinity m HR HPV assay is compatible with various collection devices such
as: vaginal specimens (simpli-collect™ HPV Collection Kit and Evalyn® Brush)
and cervical specimens: SurePath and Alinity m Cervi-Collect Specimen Collec-
tion Kit), 2) women tested for HPV with dry swabs, 3) women without parallel

LBC result, 4) women with missing data.

2.5. Liquid-Based Cytology (LBC)

Cervical specimens were taken by a specialist and immediately rinsed or agitated
in a vial containing ThinPrep PreservCyt Solution (Hologic Inc., Marlborough,
MA, USA) to optimally preserve cellular morphology and prevent air-drying ar-
tifacts. In the Synevo laboratory, the vials were loaded onto an automated Thin-
Prep processor. The processor disperses the cells, removes debris and obscuring
material (such as blood or mucus), and transfers a representative sample of cells
onto a glass slide in a uniform, thin layer of cells onto a glass slide for microscopic
examination, according to the manufacturer’s instructions. LBC samples stained
with Papanicolaou dye were reported by pathology specialists using the 2014 Be-
thesda System [23]. Specimens were classified based on cytology as negative for
intraepithelial lesions (NILM) or any atypical cytology: atypical squamous cells of
undetermined significance (ASC-US), low-grade squamous intraepithelial lesions
(LSIL), and high-grade intraepithelial lesions (HSIL).

2.6. Ethical Statement

The study was conducted in accordance with the principles set forth in the Decla-
ration of Helsinki and was registered for ethical evaluation within the institutional
ethical review framework of Synevo. It received approval from the Ethical Com-
mittee of Synevo Romania (Reference number: 1/December 2025), the Ethical
Committee of Synevo Bulgaria (Reference number: 51/09.02.26), and the General
Manager of Synevo Bulgaria. All participants provided written informed consent
for testing at the Synevo clinical laboratory, where the principles of medical ethics
and Bulgarian legal standards were explicitly outlined. One participant, aged 15
years, was included in the study. Parental consent was obtained in accordance
with institutional guidelines, and assent was secured from the adolescent partici-
pant by providing age-appropriate information and confirming voluntary agree-
ment. The informed consent process ensured that participants were thoroughly
informed about the nature, purpose, risks, benefits, and alternatives of HR-HPV
PCR testing.

2.7. Statistical Analysis

Statistical analysis was performed using the BrightStat.com software. Descriptive

statistics, such as proportions, together with corresponding 95% confidence inter-
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vals (CI), had been calculated. The prevalence of HPV16, HPV18, and HPV45
genotypes, as well as other HR-HPV A (HPV31, 33, 52, 58 genotypes) and HR-
HPV B (HPV35, 39, 51, 56, 59, 66, 68) groups were assessed. Age data are pre-
sented as mean + standard deviation and median. Age groups (15 - 20, 21 - 25, 26
- 30, 31 - 35, 36 - 40, 41 - 45, 46 - 50, 51 - 55, 56 - 60, 61 - 65) were categorized.
The liquid-based cytology results were scored. The relationship between age
groups, HPV infections, and liquid-based cytology results was investigated using
the chi-square test or Fisher’s exact test. The settlement distribution of the col-
lected HPV samples was visualized using paintmaps.com. Statistical significance

was set at p < 0.05.

3. Results
3.1. The Prevalence of HR-HPV Infection

A total of 190 Bulgarian women, aged 15 to 64 years, participated in the study (n
= 190). The mean age of the participants was 37.6 years (SD = 5.2), with a median
age of 37.0 years. HR-HPV infection was detected in 32 of the 190 women
screened, corresponding to an overall infection rate of 16.8% (95% CI: 11.8% to
22.9%, n = 32) (Figure 1).

= HR-HPV(-)
® HR-HPV(+)

Figure 1. The prevalence of HR-HPV in the tested group.

The HPV genotype distribution results obtained from the conducted study
showed that 83.2% (95% CI: 77.1% to 88.2%, n = 158) of the tested women were
HR-HPYV negative (Figure 2).

Infection with HPV16 could be seen in 5.3% (95% CI: 2.5% to 9.5%, n = 10),
HPV18 positive were 2.2% (95% CI: 0.6% to 5.3%, n = 4) and genotype HPV45
was found in 1.0% (95% CI: 0.1% to 3.7%, n = 2). Women positive for one or more
HPV genotypes from group A and B were registered—2.6% (95% CI: 0.8% to
6.3%, n =5) and 4.7 % (95% CI: 2.2% to 8.8%, n = 9), respectively. Two outpatients
were found to be group A and group B HPV carriers—1.0% (95% CI: 0.1% to
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3.7%, n = 2). The most prevalent HR-HPV genotype in the HPV-positive, HR-
HPV-positive subgroup (n = 32) was HPV16—31.2% (95% CI: 16.1% to 50.0%, n
= 10) (Figure 3).

HR-HPV (-) HPV16 HPV18 HPV45  HR-HPV gr.A HR-HPV gr.B HPVgrA+B

Figure 2. High-Risk HPV genotype distribution in the studied cohort (n = 190).

=,

>

= HPV16 = HPV18 = HPV45 HRHPVgrA =HRHPVgr.B = Group A+B

Figure 3. HR-HPV genotype prevalence in the studied HPV-positive group (n = 32).

The prevalence of HPV18 among women was 12.5% (95% CI: 3.5% to 28.9%, n
= 4), while HPV45 was found in 6.3% (95% CI: 0.7% to 20.8%, n = 2). The HR-
HPV group A had a rate of 15.6% (95% CI: 5.2% to 32.8%, n = 5), and HR-HPV
group B showed a rate of 28.1% (95% CI: 13.7% to 46.7%, n = 9). Infection with
HPV genotypes from both groups A and B was observed in 6.3% (95% CI: 0.7%
to 20.8%, n = 2). High-risk HPV types 16, 18, and 45 constituted 50.0% (95% CI:
31.9% to 68.1%, n = 16) of all HPV genotypes tested. Among the HR-HPV-posi-
tive subgroup, HR-HPV infection from other groups A and B was 43.7% (95% CIL:
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26.4% to 62.3%, n = 14), which could involve single or multiple HPV genotypes.

3.2. Settlement Distribution of the HPV Samples

Cervical swab samples were taken by a gynecologist from different areas in Bul-
garia, and majority of them-77.4% (95% CI: 70.7% to 83.1%, n = 147) were from
the three largest cities in the country—Sofia, Varna, and Plovdiv (Figure 4). The
settlement distribution as per HPV specimens investigated in the study was eval-
uated as follows: Varna—33.2% (95% CI: 26.5% to 40.3%, n = 63); Plovdiv—28.0%
(95% CI: 21.6% to 34.8%, n = 53); Sofia—16.3% (95% CI: 11.4% to 22.5%, n = 31);
Stara Zagora—=8.4% (95% CI: 4.9% to 13.3%, n = 16); Pazardjik—6.8% (95% CI:
3.7% to 11.4%, n = 13); Burgas—3.2% (95% CI: 1.2% to 6.7%, n = 6); Haskovo—
2.6% (95% CI: 0.8% to 6.0%, n = 5); Dobrich—1.0% (95% CI: 0.1% to 3.7%, n =
2) and Blagoevgrad—0.5% (95% CI: 0.01% to 2.9%, n = 1). This multi-site recruit-
ment approach aimed to enhance the representativeness and generalizability of

our findings.

Settlement distribution of the HPV samples
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Figure 4. HPV samples obtained across Bulgaria.

3.3. The Prevalence of HR-HPV Infection in the Defined Age
Groups

The distribution of HR-HPV among different age groups is shown in Table 1.
According to the HPV PCR test results, the mean age of the patients was 38.2
(£9.8) years in the HR-HPV positive group and 34.4 (£9.9) years in the HR-HPV
negative group. The women were divided into 10 age groups: 15 - 20; 21 - 25; 26 -
30; 31 - 35; 36 - 40; 41 - 45; 46 - 50; 51 - 55; 56 - 60 and 61 - 65 years old.

The majority of HR-HPV-positive results were recorded in women between 31
and 45 years—56.0% (95%: 37.6% to 73.6%, n = 18). Among them, the largest
proportion of HPV (+) samples belonged to the 36 - 40 years old group, with a
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Table 1. The overall prevalence of HR-HPV among the age groups.

Age group 15-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65  Total
n(%) n(%) n(%) n(%) n%) n(%) n%) 0% n(%) 1% n (%)
Samples  8(4.2) 14(7.4) 24 (12.6) 36 (18.9) 39 (20.5) 26 (13.7) 22 (11.6) 12(6.3) 7(3.7) 2(1.1) 190 (100.0)
gR'H.PV 4(50.0) 3(21.4) 3(12.5) 7(19.4) 8(20.5) 3(I11.5) 2(9.1) 1(83) 0(0) 1(50.0) 32(16.8)
infection
HR-HPV genotypes
HPV16 0(0) 1(71) 1(42) 3(83) 4(103) 1(38) 0() 0() 0(0) 00 10(312)
HPVI8  1(125) 0(0) 0(0) 0(0) 1(26) 1(38 0(0) 1(83) 0(0) 0(0)  4(125)
HPV45 000) 0() 0() 1(8 1(6) 00 00 00 00  0(0) 2(6.3)
GroupA  0(0) 0(0) 1(42) 0(0) 1(26) 0(0) 2(91) 0(0) 0(0) 1(500) 5(156)
GroupB  1(12.5) 2(143) 1(42) 3(83) 1(26) 1(38) 0(0) 00 0(00 0(0)  9(281)
GroupA+B 2(250) 0(0) 0(0) 0(0) 0() 00  0() 000 0(0)  0(0) 2(6.3)

prevalence of HR-HPV infection of 20.5% (95%: 9.3% to 36.5%, n = 8). The age
group in second place was 31 - 35 years old, at 19.4% (95% CI: 8.2% to 36.0%, n =
7). The majority of HPV16-positive samples were registered in the 36 - 40 years
old group—10.3% (95% CI: 2.8% to 24.2%, n = 4). All of the HR-HPV group A
together with group B positive results were found in the youngest age group: 15 -
20 years of age-25.0% (95%: 3.2% to 65.1%, n = 2). In addition, the cases were
allocated into two age groups: <40 years and >40 years. No significant difference
was found between the age groups in terms of HR-HPV positivity according to
the chi-square test (p = 0.6). It was observed that HPV infection rates decreased
with increasing age, and HPV-positive results were not registered in the age group
50 - 56 years.

3.4. The Prevalence of HR-HPV Infection and LBC Results

Cytological examination was performed for all 190 samples (Table 2). Negative
for intraepithelial lesion (NILM) results were defined in 81.0% (95%: 74.7% to
86.4%, n = 154). Abnormalities in LBC cytology were observed in 18.9% (95%:
13.6% to 25.2%, n = 36) of women.

Table 2. Bethesda system report of HR-HPV genotypes according to liquid-based cytology results.

NILM ASC-US LSIL HSIL Total
n (%) n (%) n (%) n (%) n (%)
HR-HPV (-) 145 13 0 0 158
(94.3%) (43.4%) (0%) (0%) (83.2%)
2 6 1 1 10
HPV16 (1.3%) (20.0%) (33.3%) (33.3%) (5.3%)
HPV18 X ! 0 0 4
(1.9%) (3.3%) (0%) (0%) (2.1%)
HPV45 1 1 0 0 2
(0.6%) (3.3%) (0%) (0%) (1.0%)
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Continued

HR-HPV 2 3 0 0 5
gr. (A) (1.3%) (10.0%) (0%) (0%) (2.6%)

HR-HPV 1 5 2 1 9
gt. (B) (0.6%) (16.7%) (66.7%) (33.3%) (4.7%)

HR-HPV 0 1 0 1 2

(gr.A +B) (0%) (3.3%) (0%) (33.3%) (1.0%)
Total 154 30 3 3 190
n (%) (81.0%) (15.8%) (1.6%) (1.6%) (100%)

Atypical squamous cells of undetermined significance 15.8% (95%: 10.9% to
21.7%, n = 30) showed the highest frequency among all tested women, followed
by low-grade intraepithelial lesion (LSIL) 1.6% (95%: 0.3% to 4.5%, n = 3), and
high-grade intraepithelial lesion (HSIL) 1.6% (95%: 0.3% to 4.5%, n = 3). With
regard HPV genotype distribution according to cervical cytology, HPV16 was the
most common genotype in cases with atypical squamous cells of undetermined
significance—20.0% (95%: 7.7% to 38.6%, n = 6). Although HR-HPV positivity in
normal cytology samples was 5.2% (95%: 2.3% to 9.9%, n = 9), it was 63.9% (95%:
46.2% to 79.2%, n = 23) in abnormal smear cytology results (p < 0.00001).

4. Discussion

To construct an accurate regional map, we evaluated the prevalence of high-risk
human papillomavirus (HR-HPV) using the clinically validated Alinity m HR-
HPV Assay among women in a sample population of 190 Bulgarian women. This
initiative coincides with the commencement of the newly expanded “National
Program for Primary Prevention of Cancer Diseases Caused by Human Papillo-
mavirus 2025-2030” in Bulgaria. It is noteworthy that the prevalence of high-risk
human papillomavirus infection in Bulgaria is significant, with rates among
women exhibiting normal cytology ranging from approximately 29.8% to 38.8%,
as reported in extensive population-based studies. Persistent infection with high-
risk human papillomavirus genotypes is recognized as the primary etiological fac-
tor in 99% of cervical cancer cases, suggesting that such cases may be preventable
through HPV screening [24] [25].

Geographical variations in the prevalence of high-risk human papillomavirus
infection have been documented. Numerous studies have reported varying find-
ings regarding the prevalence and distribution of high-risk HPV types. HPV prev-
alence ranges from 11% to 12%, with Africa exhibiting the highest rate at 21.1%,
followed by Europe at 14.2%, America at 11.5%, and Asia at 9.4%. We propose
that these differences may be attributed to factors such as geographic location, the
methodologies employed for HPV PCR detection, the educational background of
patients in healthcare settings, and their awareness of HPV infections. Eastern
Europe continues to report the highest rates of cervical cancer and HPV infection

in Europe [26]. The epidemiological distribution of HPV in Eastern Europe is re-
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ported to be 21.4%, whereas in Western Europe, it is 9.0%, ranging from 2% in
Spain to approximately 12% in France and Belgium. Poland has a prevalence of
14.4%, the Czech Republic 25.6%, and Lithuania 24.2% [27]. Data from a Latvian
study indicated an overall HR-HPV prevalence of 11% in the general population
[28]. In Greece, HPV prevalence ranges from 2.5% to 50.7%, whereas in Iran, it
varies from 0.6% to 37.9% [1]. Studies from Tiirkiye reported HR-HPV prevalence
between 2.4% and 47.7% [29]-[31]. Overall, the HPV-DNA positivity rate in Italy
was 35.9% among women [32]. A meta-analysis found that HPV DNA prevalence
among women with normal cytology (ages 17 - 77) ranged from 5.3% to 35.6%,
with a mean prevalence of 2.6% [33]. The variation in HPV prevalence reported
may stem from differences in the age distribution, sampling methods, screening
history, and vaccination status of the population studied. The HR-HPV positivity
rate found in this research is consistent with global figures, with 16.8% of women
testing positive for HR-HPV.

In every instance, HPV genotypes 16, 18, and 45 were the most prevalent, with
their proportions significantly rising in women with cervical cancer compared to
those with normal cytology or low-grade cervical lesions. In our study, HPV16,
HPV18, and HPV45 accounted for 50% of all genotypes. Research involving over
6000 women diagnosed with CIN2 or invasive cervical cancer from 17 European
countries identified HPV16, HPV18, and HPV45 as the most prevalent types in
women with invasive cervical cancer, accounting for 63.3%, 15.2%, and 5.3%, re-
spectively [34] [35]. HPV 16, 18, and 45 are associated with 75% of all squamous
cell carcinomas and 94% of all adenocarcinomas, with HPV 45 alone responsible
for 12% of all adenocarcinomas [36]. A study conducted on over 4000 Slovenian
women with normal cytology found HPV16 and HPV18 to be the most frequently
detected HPV types, followed by HPV31, HPV39, HPV51, HPV52, and HPV59
[37].

Bulgaria has a population of 3.06 million women aged 15 years and older, who
are at risk of developing cervical cancer [38]. Current data suggest that each year,
1009 women are diagnosed with cervical cancer and 503 of them die from the
disease. Cervical cancer screening coverage among women aged 20 - 69 was 57%
in 2019 (lower than the EU average of 71% in the same year), but it has increased
by 21% since 2008, when coverage was 47% [39]. A recent study conducted in
Bulgaria from 2018 to 2020 that analyzed the economic impact of cervical cancer,
the most common complication of sexually transmitted HPV infections, calcu-
lated the economic burden of HPV -related malignancies amounted to be 51.3 mil-
lion euros. These findings indicate that nationwide actions are needed to reduce
the ongoing consequences of neoplasms related to HPV [40]. The country has one
of the highest rates of cervical cancer incidence and mortality within the European
Union, with HPV16 and HPV18 identified in approximately 77% of invasive cer-
vical carcinomas, followed by HPV56, HPV33, and HPV31. HPV16 is detected in
approximately 13% - 17% of Bulgarian women in general population studies, a

stark contrast to the distribution in the general population in Europe (2.8%), such
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as in Germany (2.5%) and France (3.9%). Among women with high-risk HPV
infections, HPV16 was reported to be 46% [25]. The distribution of high-risk HPV
has been consistently observed in extensive population-based studies of Bulgarian
women with normal cytology, as well as in women with abnormal cytology and in
high-risk groups, such as female sex workers [41] [42]. In our study, the preva-
lence of HPV16 was identified as 5.3% in the sample population and 31.2% within
the HR-HPYV positive group (HR-HPV-positive subgroup). HPV18 was found in
2.2% of the studied cohort and 12.5% of the HR-HPV positive group. HPV45 was
detected in 1.0% of all tested women and 6.3% of the HR-HPV -positive subgroup.

Clinically validated HR-HPV tests, like the Alinity m HR-HPV assay, can sig-
nificantly enhance patient risk stratification by offering extended genotyping be-
yond HPV16 and HPV18. In the study, HR-HPV positivity rates were 2.6% in
group A and 4.7% in group B. Within the (HR-HPV-positive subgroup, infections
involving either single or multiple HPV genotypes were observed at rates of 15.6%
in HR-HPV group A, 28.1% in the HR-HPV group B, and 6.3% with HPV geno-
types from both groups A and B. Among the HR-HPV positive cohort, infections
from other groups A and B were noted at 43.7%. These two groups included
HPV56, HPV33, and HPV31, aligning with existing literature on Bulgaria. Fur-
thermore, women in groups A and B were infected with single or multiple HPV
genotypes. Numerous molecular epidemiological and diagnostic studies have fre-
quently reported co-infections with multiple high-risk HPV types, with some re-
search suggesting that these co-infections may contribute to the progression of
cervical neoplasia [19].

Population-based studies have elucidated the distribution of high-risk human
papillomavirus genotypes within Bulgarian urban centers, with a primary focus
on cities, such as Sofia, Plovdiv, Varna, Burgas, Pleven, and Vidin, as well as
smaller communities [24] [25]. Our research indicated that 77.4% of the female
samples were derived from the three largest cities in Bulgaria—Sofia, Varna, and
Plovdiv—with HPV16 consistently emerging as the most prevalent genotype.
While the majority of samples were collected in urban Bulgarian areas, this does
not completely rule out the inclusion of rural regions and economically disadvan-
taged populations, as some individuals may have sought medical attention at city-
based gynecological clinics.

Reports indicate that HR-HPV prevalence is highest among adolescents and
young adults and then declines with age, with regional differences in the extent
and shape of the age curve. In women, HR-HPV prevalence typically peaks in
those under 25 years old, with estimates around 16.9% in this group, then steadily
declines after age 35 in most populations. In some regions, a second, smaller peak
may occur in women over 55 years of age, but this varies according to location
and sexual behavior patterns [43] [44]. According to our test results, the average
age of patients in the HR-HPV positive group was 38.2 (£9.8) years, compared to
34.4 (+9.9) years in the HR-HPV negative group. Most HR-HPV-positive results
were found in women aged 31 to 45 (56.0%). Of these, the largest proportion of
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HPV (+) samples (20.5%) belonged to the 36 - 40-year-old group. The second
most common age group was 31 - 35 years old (19.4%). The HPV16 genotype was
most prevalent in the 36 - 40-year-old group, accounting for 10.3%. All results
from HR-HPV groups A and B were found in the youngest age group of 15 to 20
years. Studies have reported no significant link between the risk of developing ab-
normal cervical cytology and increasing age. Similarly, this study found that in-
creasing the age of HPV-positive women did not significantly increase the risk of
high cervical cytology scores (0.6). We observed that HPV infection rates de-
creased with age and no HPV -positive results were recorded in women aged 50 -
56 years. The decrease in HPV prevalence with increasing age can be attributed to
fewer new sexual partners and acquired immunity. In our study, the small sample
sizes within age groups may limit the statistical power needed for definitive con-
clusions. Although the data indicate certain trends, they should be interpreted
cautiously, and we have refrained from over-interpreting the results.

In 2018, the World Health Organization (WHO) advocated for a global initia-
tive to eliminate cervical cancer through prevention and early detection, which
are recognized as highly cost-effective strategies. The WHO delineates three prin-
cipal pillars for cervical cancer prevention: primary prevention via HPV vaccina-
tion ideally administered prior to the onset of sexual activity. In conjunction with
vaccination, one of the strategic pillars is cervical cancer screening utilizing well-
established and widely adopted methods such as traditional cytology (Pap smear),
Liquid-Based Cytology, and molecular techniques for detecting the HR HPV vi-
rus. The WHO emphasizes that HPV-based screening offers superior protection
against cervical cancer compared to cytology. For tertiary prevention, given the
absence of a virus-specific treatment for HPV infection, precancerous lesions can
be effectively managed through ablative methods (destroying abnormal tissue by
burning or freezing) or excision, which provides an effective treatment for CIN
[45] [46].

Efforts to reduce this cervical cancer burden in Bulgaria have included national
vaccination campaigns and screening programs until 2017 with the “National Pro-
gram for Primary Prevention of Cervical Cancer in the Republic of Bulgaria”, but
coverage remains low and political instability has hindered consistent implemen-
tation. Implementation of the new “National Program for Primary Prevention of
Cancer Diseases Caused by Human Papillomavirus 2025-2030” aims to expand
organized HPV screening and provide free immunization upon request to girls
aged 10 - 18 years and boys aged 10 - 14 years. The program is a key element in
efforts to reduce the incidence of HPV-related cancers, among which cervical can-
cer is the leading cancer [47]. The screening program also provides medical and
diagnostic tests to establish infection with HPV from a cervical sample. The target
group included women between the ages of 25 and 65, regardless of their health
insurance status and family burden [48]. Recognizing the need to differentiate be-
tween vaccinated and unvaccinated individuals in the study is crucial, as without

this distinction, any definitive comparisons of genotype frequencies, especially for
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vaccine-covered types, remain incomplete and require further investigation.

Introduced in Bulgaria in 1974, the conventional PAP test has been a widely
employed screening method, with eligibility for women aged 30 to 40 being deter-
mined by general practitioners [48]. Currently, Bulgaria is transitioning from the
conventional PAP test to liquid-based cytology HPV screening. In the present
study, cytological examination was conducted for all respondents. Across multiple
studies, HR-HPV prevalence was consistently higher in specimens with abnormal
cytology than in those with normal cytology. The prevalence of high-risk human
papillomavirus in cervical specimens with abnormal cytology varies widely de-
pending on the degree of cytological abnormality, the population studied, and ge-
ographic region. Global data indicate that the prevalence of high-risk human pap-
illomavirus is in the range 37% - 52% in cases of atypical squamous cells of unde-
termined significance, 76% - 79% in low-grade squamous intraepithelial lesions,
and 85% in high-grade squamous intraepithelial lesions [49]. This finding corre-
lates with the presented data in our study, where HR-HPV prevalence in the ab-
normal cytology smears was accounted for 63.9%. In the present study, atypical
squamous cells of undetermined significance (15.8%) showed the highest fre-
quency among abnormal cytology categories, followed by equally distributed LSIL
and HSIL intraepithelial lesion—1.6%. As regards HPV genotype distribution ac-
cording to cervical cytology, HPV16 was the most common genotype in cases with
atypical squamous cells of undetermined significance—20.0%. Our results showed
that although HR-HPV positivity in normal cytology samples was 5.2%, it was
63.9% in abnormal smear cytology samples (p < 0.00001). According to the Be-
thesda system, patients diagnosed with low-grade squamous intraepithelial le-
sions or atypical squamous cells of uncertain malignant potential are recom-
mended for further investigation, including colposcopy and biopsy, to exclude the
presence of cervical intraepithelial neoplasia 2 [23].

The present study outlines several limitations that merit attention, especially
concerning future research challenges related to cohort sample sizes, selection
bias, incomplete vaccination data, behavioral risk factors data, and the lack of lon-
gitudinal outcomes. Although small sample sizes within categories can result in
insufficient statistical power, our study still provides significant insights into HPV
testing and underscores the necessity for larger samples in future research endeav-
ors. The cohort was assembled using a laboratory-based, opportunistic sampling
strategy, primarily in urban clinical settings where gynecologists practice, rather
than employing a random sampling method from the Bulgarian general popula-
tion. This recruitment strategy suggests that while the cohort might include indi-
viduals from rural areas seeking gynecological services in urban settings, it does
not fully represent the entire general population, particularly those in rural and
socioeconomically disadvantaged groups who may have limited access to special-
ists. The lack of information on participants’ HPV vaccination status poses a lim-
itation in analyzing HPV genotype distribution and prevalence, especially consid-

ering the ongoing national vaccination initiatives in Bulgaria. Including compre-
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hensive data on HPV immunization would enhance the reliability and interpret-
ability of conclusions related to HPV epidemiology. The absence of longitudinal
outcomes limits the ability to observe HPV persistence over time in the cohort.
Collecting accurate behavioral data often requires extensive resources, which were
not available in the recent study due to resource constraints and the potential bur-
den on participants. Despite these limitations, the findings presented offer valua-
ble evidence and inform future research directions aimed at enhancing methodo-
logical rigor, improving data quality, and developing comprehensive study de-

signs to advance knowledge in the field of HPV management in Bulgaria.

5. Conclusion

At present, there is a notable absence of official data concerning the substantial
impact of HPV on the general population in Bulgaria. The implementation of the
“National Program for Primary Prevention of Cancer Diseases Caused by Human
Papillomavirus 2025-2030” in Bulgaria is critically important, as it directly ad-
dresses the country’s persistently high incidence and mortality rates of cervical
cancer, which rank among the highest in the European Union. The data presented
in the manuscript indicate that cervical cancer screening becomes more accessible
through the use of the HPV PCR test, which demonstrates high sensitivity by de-
tecting the presence of HPV in cervical cells, rather than identifying precancerous
changes that may result from chronic infection. It is imperative that this test un-
dergo clinical validation and receive approval. The high sensitivity of HPV testing
reduces the risk of undetected disease and permits extended intervals between
screenings. The current study aims to establish a foundational understanding of
the prevalence and genotype distribution of HR-HPV within selected segments of
the Bulgarian population. These baseline findings may serve as a basis for future
research endeavors focused on developing an effective model for preventing HPV
transmission, examining its epidemiological patterns, establishing screening

guidelines, and evaluating and enhancing vaccination efforts.
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