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Abbreviations  

AI artificial intelligence 

AV aerobic vaginitis 

BV bacterial vaginosis 

CI confidence interval 

CIN cervical intraepithelial neoplasia 

DNA deoxyribonucleic acid 

HIV human immunodeficiency virus 

HLA human leucocyte antigen 

HPV human papillomavirus 

HR-HPV high-risk human papillomavirus 

HSIL high-grade squamous intraepithelial lesion 

LBG lactobacillary grades  

mRNA messenger ribonucleic acid 

msAV moderate to severe aerobic vaginitis 

OR odds ratio 

PCR polymerase chain reaction 

STI sexually transmitted infections 

WHO World Health Organization 
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Introduction  

In 2008, German virologist Harald zur Hausen received the Nobel Prize in Physiology 

or Medicine for the discovery that persistent infection with high-risk human papillomavirus 

(HPV) types is the leading cause of cervical cancer. His research fundamentally changed  

the understanding of cervical carcinogenesis and provided the scientific basis for  

the development of prophylactic HPV vaccines. (Baumann and Doeberitz, 2024) These 

vaccines have since become a key part of global efforts to prevent cervical cancer, representing 

a significant step forward in protecting women’s health. 

Cervical cancer remains one of the most preventable types of cancer, due to its  

well-understood aetiology and the slow progression of the disease. HPV infection is  

a mandatory cause of cervical cancer, but not a sufficient one; the majority of infections are 

transient and resolve spontaneously. However, in some women, particularly those with  

high-risk HPV genotypes, the infection may persist and lead to precancerous disease and 

eventually invasive cervical cancer. This progression typically unfolds over many years, 

opening a wide window for detecting and treating these lesions to prevent malignisation. 

Recognizing the preventability of cervical cancer, the World Health Organization 

(WHO) introduced a global strategy in 2020 to eliminate it as a public health problem. The plan 

aims to reduce the incidence to fewer than 4 cases per 100 000 women-years. To reach this goal 

by 2030, the WHO recommends that 90 % of girls receive full HPV vaccination by age 15, 

70 % of women are screened by ages 35 and 45, and 90 % of women diagnosed with cervical 

disease receive appropriate treatment. (WHO, 2020) 

Despite these global efforts, cervical cancer remains a significant public health 

challenge in many countries, including Latvia. In Latvia, cervical cancer is the second most 

common malignancy in women of reproductive age, and its incidence has remained stable over 

the last 15 years despite the implementation of national screening and HPV vaccination 

programmes. These trends highlight critical gaps in prevention strategies, underscoring the need 

for a more nuanced understanding of the factors that influence HPV persistence and disease 

progression. 

While HPV infection is a prerequisite condition for the development of cervical cancer, 

it alone does not determine the clinical outcome. A growing body of evidence indicates that  

the progression from HPV infection to premalignant lesions and invasive cancer is influenced 

by a complex interplay of viral, host, environmental, and behavioural factors. These include  

the specific HPV genotype, host genetic susceptibility, immune response, co-infections with 

other sexually transmitted pathogens, the composition of the vaginal microbiota, smoking, and 

sexual behaviour, among others. (Kyrgiou et al., 2017; Trottier and Franco, 2006) Therefore, 
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there is a growing consensus that current “one-size-fits-all” screening and management 

strategies may not be adequate to address the diverse risks within different populations. 

Particularly in high-risk HPV-positive women, accurate risk stratification is essential to 

avoid both overtreatment and missed diagnoses. Although universal HPV-based screening has 

shown higher sensitivity than cytology-based methods, (Arbyn et al., 2013) it also increases  

the number of women referred for unnecessary follow-up and invasive procedures, most of 

whom will never develop high-grade lesions. This is especially important in the context of 

limited healthcare resources and in vaccinated populations, where the prevalence of cervical 

disease is expected to decline. As a result, predictive models are needed to integrate multiple 

risk factors, including genetic, microbial, behavioural, and demographic characteristics, to 

identify women at the highest risk better and personalise prevention strategies accordingly. 

Identifying population-specific risk markers could improve the effectiveness of screening 

programmes, facilitate earlier detection of high-grade lesions, and ultimately contribute to 

achieving the goals of the WHO’s cervical cancer elimination strategy. 

Aim  

To identify associations between various social factors, the vaginal ecosystem, vaginal 

infections, including sexually transmitted infections and high-risk human papillomavirus, 

human leucocyte antigen (HLA) class II alleles, and different degrees of cervical precancerous 

changes.  

Objectives  

1 To assess and compare social and behavioural factors in women with and without proven 

cervical neoplasia. 

2 To analyse vaginal pH and vaginal microflora in women with and without cervical 

intraepithelial neoplasia. 

3 To evaluate the frequency of high-risk HPV, sexually transmitted, and other vaginal 

infections in patients with and without cervical precancerous lesions.  

4 To detect HLA class II alleles’ genetic variants in women with and without cervical 

precancerous lesions. 

Hypotheses 

1 Women with cervical precancerous lesions are more likely to have different social and 

behavioural risk factors compared to individuals without cervical precancerous lesions. 
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2 Women with cervical intraepithelial neoplasia have an increased vaginal pH and prevalence 

of abnormal vaginal microflora compared to women without cervical intraepithelial 

neoplasia. 

3 The prevalence of high-risk HPV, sexually transmitted infections, and other vaginal 

infections is significantly higher in women with cervical precancerous lesions than in those 

without. 

4 Specific HLA class II alleles are associated with an increased risk of developing cervical 

precancerous lesions. 

Novelty  

This study examined a broad range of factors associated with cervical intraepithelial 

neoplasia (CIN), with particular attention to vaginal ecosystem disturbances and host 

immunogenetic variability. Although persistent high-risk human papillomavirus (HR-HPV) 

infection is a necessary condition for the development of cervical neoplasia, only a small 

proportion of infected women progress to clinically significant disease. In the context of 

primary HPV-based screening, improved identification of HPV-positive women at increased 

risk of progression remains a significant clinical challenge. The findings of this study support 

the value of incorporating microbial and host factors into future risk-stratification approaches. 

A central finding of this research is the demonstrated association between aerobic 

vaginitis and histologically confirmed cervical neoplasia, particularly high-grade lesions. While 

previous research has focused mainly on bacterial vaginosis, this study highlights  

the importance of inflammatory vaginal conditions. The use of a modified Donders-Schröder 

scale for wet-mount microscopy enabled more consistent and detailed classification of vaginal 

microflora, allowing differentiation between bacterial vaginosis, aerobic vaginitis, and mixed 

patterns and reducing potential diagnostic misclassification. 

In addition, this study provides the first analysis of HLA class II gene variants in Latvian 

women with cervical neoplasia. Several HLA alleles were identified as being associated with 

increased or reduced risk of high-grade cervical lesions, including variants not previously 

reported in this context. Given population-specific genetic variability, these findings contribute 

to a better understanding of how host immunogenetic factors may influence susceptibility to 

cervical disease and highlight the importance of studying less-represented populations in 

cervical cancer research. 
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1 Materials and methods 

This study was performed in Riga East University Hospital’s Outpatient Department.  

It was designed as a cross-sectional study. Participant recruitment and clinical examinations 

were conducted between January 2016 and June 2017, while laboratory analyses were 

performed subsequently, during the time period July 2016 – December 2022. The study group 

consisted of consecutive women referred for colposcopic examination because of abnormal 

cervical cytology, whereas the control group included women attending routine gynaecological 

care or follow-up for non-cervical conditions and presenting with normal cervical findings. 

The sample size calculation was based on the prevalence of high-risk HPV 

deoxyribonucleic acid (DNA), a key etiological factor. Assuming 80 % statistical power, a 5 % 

significance level, a minimum HR-HPV prevalence of 30 % in the study group, and a maximum 

of 10 % in the control group, at least 63 participants per group were required. To account for 

potential dropouts, the sample size was increased by at least 20 %. Ultimately, 112 women were 

included in the study group and 120 women in the control group. 

Inclusion criteria were age ≥ 18 years, signed informed consent, and either abnormal 

cervical screening results (study group) or normal cervical examination findings (control 

group). Exclusion criteria included age under 18 years, prior history of cervical intraepithelial 

neoplasia or cervical cancer, pregnancy, and refusal to participate. 

Fieldwork and clinical procedures 

After providing informed consent, all participants completed a structured questionnaire 

addressing sociodemographic characteristics and behavioural factors. A gynaecological 

examination with a vaginal speculum was then performed. Vaginal pH was measured, and 

samples from the anterior vaginal fornix were obtained for wet-mount microscopy. Cervical 

samples were collected and stored at −80°C for later detection of HR-HPV DNA and messenger 

ribonucleic acid (mRNA), sexually transmitted and other vaginal infections, and HLA class II 

gene analysis. 

Colposcopy was performed for all participants. Biopsies were obtained from at least two 

cervical sites in the study group and from control group participants when colposcopic findings 

were suspicious for pathology. 

Sociodemographic and behavioural factors 

Collected variables included age, educational level, smoking status, marital status, and 

contraceptive use. Age was categorised into three groups (≤ 30 years, 31–49 years, ≥ 50 years). 

Education was classified as low (primary or secondary education) or high (a bachelor’s degree 
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or higher). Contraceptive use was grouped into effective methods (hormonal contraception, 

intrauterine devices, or sterilisation), condom use, withdrawal, or no contraception. 

Vaginal ecosystem assessment 

Vaginal pH was measured with Machery-Nagel pH strips; values above 4.4 were 

considered elevated. Wet-mount phase-contrast microscopy was performed on vaginal samples. 

The assessment included lactobacillary grades (LBG), leukocyte counts, proportion of toxic 

leukocytes, presence of clue cells, red blood cells, sperm cells, parabasal cells, and background 

flora characteristics. 

LBG classification followed a Donder’s modified Schröder system (Donders, 1999; 

Donders et al., 2002): 

• LBG I exhibits a dominant presence of lactobacillus morphotypes with no other 

bacteria. 

• LBG IIa shows lactobacilli dominance alongside other bacterial species.  

• LBG IIb – other microorganisms outnumber lactobacilli.  

• LBG III indicates an absence of lactobacilli, with other bacteria present.  

Normal vaginal microbiota corresponds to LBG I and IIa, while abnormal microbiota is 

classified as LBG IIb and III. Abnormal microbiota was further classified into bacterial 

vaginosis (BV), aerobic vaginitis (AV), or mixed BV–AV patterns. AV severity was scored 

using a composite index incorporating LBG, leukocyte count, toxic leukocytes, background 

flora, and parabasal cells. Moderate to severe AV (msAV) was defined as an AV score of five 

or higher. (Donders et al., 1996; Donders, 1999; Donders et al., 2002) 

Colposcopy and histological evaluation 

Colposcopic examinations were performed by certified specialists in accordance with 

European quality assurance guidelines. Cervical biopsy specimens were formalin-fixed, 

paraffin-embedded, stained with haematoxylin and eosin, and examined by a certified 

pathologist. Histological diagnoses were categorised as no CIN, CIN1, CIN2, CIN3, or 

carcinoma. For analytical purposes, all CIN grades were combined into an “all CIN” category, 

and CIN2, CIN3, and carcinoma were grouped as CIN2+. 

HPV DNA and mRNA detection 

Cervical samples were analysed for DNA of the most prevalent high-risk HPV types 

(16/18, 31, 33, 45, and 58), which account for 90 % of cervical cancer cases, using polymerase 

chain reaction after nucleic acid extraction. Detection of E6/E7 mRNA from 14 high-risk HPV 

types was performed using multiplex real-time polymerase chain reaction (PCR) and automated 
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amplification systems. Laboratory analyses were carried out in certified microbiology and 

diagnostic laboratories. 

Detection of sexually transmitted and other vaginal infections 

Seven genital microorganisms (C. trachomatis, N. gonorrhoeae, T. vaginalis, M. 

hominis, M. genitalium, U. urealyticum, U. parvum) were detected using molecular diagnostic 

methods based on DNA extraction and multiplex real-time PCR. For statistical analyses, 

selected pathogens were grouped as “all sexually transmitted infections (STI)” or “non-STI 

Mycoplasmas.” 

HLA class II genotyping 

Cervical samples were collected for human DNA extraction and low-resolution HLA 

class II genotyping. Alleles at the DRB1, DQA1, and DQB1 loci were analysed using real-time 

PCR. Due to budget constraints, HLA genotyping was performed for only 84 women in  

the study group and 57 in the control group.  

Statistical analysis 

Statistical analysis was conducted using Microsoft Excel 2020 and IBM SPSS 20.0.  

The relationship between variables was evaluated with either Pearson chi-square or Fisher’s 

exact test. A p-value of less than 0.05 was deemed statistically significant. Both univariate and 

multivariate logistic regression analyses were performed to explore the association between 

CIN2+ and various risk factors. The multivariate analysis included only those variables that 

demonstrated a significant association in the univariate analysis (p < 0.05). The odds ratios were 

calculated to assess the risk of developing CIN2+ based on different risk factors. 

Ethical considerations 

The study was carried out in accordance with the Declaration of Helsinki. Before being 

included, all women read the “Information about the study” and signed an informed consent 

form to participate. 

The study has been approved by the Riga Stradiņš University Ethical Committee,  

the Central Ethical Committee, and the Riga Clinical University Hospital Scientific Department  
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2 Results 

The study group included 31 (28.2 %) women with CIN1, 57 (51.8 %) with CIN2, 21 

(19.1 %) with CIN3, and 1 (0.9 %) with cervical cancer. 

2.1 Sociodemographic and behavioural factors 

The participants' ages ranged from 19 to 59 years. The mean age of women in the study 

group was 35.0 years (±9.3), while it was 37.1 years (±8.0) in the control group (p = 0.059).  

In the age group ≤ 30 years, CIN1 and “all CIN” occurred more frequently than  

“no CIN” (p = 0.032 and p = 0.039, respectively). No other significant differences between age 

groups and CIN severity were found. 

Women in the control group more frequently had higher education and did not smoke. 

Conversely, women with any degree of CIN were more likely to smoke. 

No statistically significant differences were observed between the groups regarding 

marital status and contraception methods. However, 43.6 % of participants in the study group 

did not use any contraception, compared to 34.2 % in the control group. Additionally, 24.5 % 

of the study group used a barrier method, specifically a male condom, versus 34.2 % in  

the control group. 

2.2 Vaginal ecosystem 

Increased vaginal pH > 4.4 was observed more frequently in all CIN severity grades.  

Abnormal vaginal microflora was significantly more often diagnosed in the study group 

compared to the control group (50 % vs. 35 %, p = 0.023) and in CIN2+ compared to healthy 

controls – 51.9 % vs. 35 %, respectively (p = 0.019)  

When analysing different lactobacillary grades, LBG I and IIa were the most common 

in women without CIN. LBG IIb was most often identified in CIN2+ patients. The number of 

LBG III BV and LBG III AV cases was almost equal in women with and without CIN. LBG 

III mixed BV-AV was characteristic primarily of patients with CIN. However, the differences 

between LBGs were not statistically significant. 

Any-BV was found more frequently in CIN1 patients than in the control group (25.8 % 

vs. 7.7 %, p = 0.01) or in CIN2+ cases (25.8 % vs. 10.1 %, p = 0.036).  

A difference in the presence of any AV was observed between the CIN2+ group and 

women with “no CIN” (36.7 % vs. 20.5 %, p = 0.012). The same trend was observed between 

“all CIN” and the control group, though it did not reach statistical significance (31.8 % vs. 

20.5 %, p = 0.052). However, the proportion of msAV was notably higher in CIN2+ cases 

compared to women without CIN (16.5 % vs. 5.1 %, p = 0.009), and also higher in “all CIN” 

compared to the control group (13.6 % vs. 5.1 %, p = 0.038) (Table 2.1). 
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Table 2.1 

Vaginal pH and microflora 

Factor 

no CIN 

n = 117 

n (%) 

CIN1 

n = 31 

n (%) 

CIN2+ 

n = 79 

n (%) 

all 

CIN 

n = 

110 n 

(%) 

P 

value 

no 

CIN 

vs. all 

CIN 

P 

value 

no 

CIN vs 

CIN1 

P value 

no CIN 

vs 

CIN2+ 

P value 

CIN 1 vs 

CIN2+ 

pH 

 4.4 95 

(81.2) 

18 

(58.1) 

39 

(49.4) 

57 

(51.8) 

< 0.0001 0.007 < 0.0001 0.411 

> 4.4 22 

(18.8) 

13 

(41.9) 

40 

(50.6) 

53 

(48.2) 

Lactobacillary grade (LBG) 

LBG I 40 

(34.2) 

8 

(25.8) 

18 

(22.8) 

26 

(23.6) 

0.121 0.090 0.184 0.488 

LBG IIa 36 

(30.8) 

9 

(29.0) 

20 

(25.3) 

29 

(26.4) 

LBG IIb 21 

(17.9) 

4 

(12.9) 

22 

(27.8) 

26 

(23.6) 

LBG III BV 5  

(4.3) 

2  

(6.5) 

3  

(3.8) 

5  

(4.6) 

LBG III AV 12 

(10.2) 

3 

(9.7) 

10 

(12.7) 

13 

(11.8) 

LBG III BV-AV 3  

(2.6) 

5 

(16.1) 

6  

(7.6) 

11 

(10.0) 

Microflora 

Normal 76 

(65.0) 

17 

(54.8) 

38 

(48.1) 

55 

(50.0) 

0.023 0.300 0.019 0.525 

Abnormal 41 

(35.0) 

14 

(45.2) 

41 

(51.9) 

55 

(50.0) 

Presence of bacterial vaginosis (BV) 

No BV 108 

(92.3) 

23 

(74.2) 

71 

(89.9) 

94 

(85.5) 

0.099 0.010 0.553 0.036 

Any BV 9 

(7.7) 

8 

(25.8) 

8 

(10.1) 

16 

(14.5) 

Presence of aerobic vaginitis (AV) 

No AV 93 

(79.5) 

25 

(80.6) 

50 

(63.3) 

75 

(68.2) 

0.052 0.887 0.012 0.079 

Any AV 24 

(20.5) 

6 

(19.4) 

29 

(36.7) 

35 

(31.8) 

msAV 6  

(5.1) 

2  

(6.5) 

13 

(16.5) 

15 

(13.6) 

0.038 0.674 0.009 0.225 

2.3 HR-HPV DNA and E6/E7 mRNA 

60.9 % were HR-HPV DNA positive in the “all CIN” group, 51.6 % in CIN1, and 

64.6 % in CIN2+ compared to 7.7 % in healthy controls. 

Women with any grade of CIN were more likely to test positive for HR-HPV E6/E7 

mRNA expression compared to women without CIN (Table 2.2). 
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Table 2.2 

HR-HPV DNA and E6/E7 mRNA analysis 

Factor 

no CIN 

n = 117 

n (%) 

CIN1 

n = 31 

n (%) 

CIN2+ 

n = 79 

n (%) 

all CIN 

n = 110 

n (%) 

P value 

no CIN 

vs. all 

CIN 

P value 

no CIN 

vs CIN1 

P value 

no CIN 

vs 

CIN2+ 

P value 

CIN 1 vs 

CIN2+ 

HR-HPV DNA of the six most common types 

Negative 108 

(92.3) 

15 

(48.4) 

28 

(35.4) 

43 

(39.1) 

< 0.0001 < 0.0001 < 0.0001 0.211 

Positive 9 

(7.7) 

16 

(51.6) 

51 

(64.6) 

67 

(60.9) 

HR-HPV E6/E7 mRNA 

Negative 103 

(88) 

13 

(41.9) 

8 

(10.1) 

21 

(19.1) 

< 0.0001 < 0.0001 < 0.0001 < 0.0001 

Positive 14 

(12) 

18 

(58.1) 

71 

(89.9) 

89 

(80.9) 

2.4 Vaginal infections 

The study identified six positive cases of C. trachomatis and four in the control group 

(p = 0.160). No N. gonorrhoeae cases were found in either group. T. vaginalis was diagnosed 

in two cases, and M. genitalium in one among CIN2+ patients. M. hominis was more prevalent 

in the “all CIN” and CIN 2+ groups compared to women without CIN (8.2 % vs. 1.7 %, 

p = 0.016; and 8.9 % vs. 1.7 %, p = 0.032). U. parvum and U. urealyticum showed no 

significant difference between the groups.  

Analysis of the combination of all STIs and non-STI Mycoplasmas didn’t show 

statistically significant differences between the groups. 

2.5 Univariate and multivariate logistic regression 

When analysing different factors separately, the most significant associations with  

the CIN2+ were with the positive E6/E7 HPV mRNA (OR 65.3, 95 % CI 26.0–163.8, 

p < 0.0001), HR-HPV DNA (OR 21.9, 95 % CI 9.6–49.7, p < 0.0001). Conversely, women 

with higher education levels had a reduced risk of CIN2+ (OR 0.3, 95 % CI 0.17–0.58, 

p < 0.0001) (Table 2.3). 

Table 2.3 

Univariate logistic regression CIN2+ compared to “no CIN” 

 Odds ratio 95 % Confidence Interval P value 

High education level 0.3 0.17–0.58 < 0.0001 

Smoking 4.7 2.2–10.3 < 0.0001 

Positive HR-HPV DNA of 

the six most common types 

21.9 9.6–49.7 < 0.0001 
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Table 2.3 continued 

 Odds ratio 95 % Confidence Interval P value 

Positive HR-HPV E6/E7 

mRNA expression 

65.3 26.0 – 163.8 < 0.0001 

pH 4.4 2.3–8.4 < 0.0001 

M. hominis 5.6 1.1–27.7 0.035 

Abnormal microflora 2.0 1.1–3.6 0.020 

anyAV 2.2 1.2–4.3 0.013 

msAV 3.6 1.3–10.0 0.012 

 

Multivariate logistic regression identified key factors linked to CIN2+, including 

positive HR-HPV E6/E7 mRNA expression (OR 59.4, 95 % CI 14.84–237.51, p < 0.0001) and 

positive HR-HPV DNA (OR 3.9, 95 % CI 1.16–13.23, p = 0.028). Additionally, a higher level 

of education was associated with a reduced risk of CIN2+ (OR 0.2, 95 % CI 0.07–0.71, 

p = 0.012) (Table 2.4). 

Table 2.4 

Multivariate logistic regression CIN2+ compared to “no CIN” 

 
Odds ratio 

95 % Confidence 

Interval 
P value 

High education level 0.2 0.07–0.71 0.012 

Smoking 1.7 0.46–6.49 0.414 

Positive HR-HPV DNA status 

of the six most common types 

3.9 1.16–13.23 0.028 

Positive HR-HPV E6/E7 

mRNA expression 

59.4 14.84–237.51 < 0.0001 

pH 2.2 0.66–7.35 0.199 

M.hominis 1.66 0.08–32.09 0.776 

Abnormal microflora 1.3 0.31–5.41 0.723 

anyAV 0.73 0.15–3.57 0.696 

msAV 3.4 0.37–31.31 0.283 

2.6 HLA class II genotyping 

The study population included 57 patients with “no CIN,” 23 with histologically 

confirmed CIN 1, and 61 cases of CIN2+. A total of 114 alleles were analysed in women with 

“no CIN,” 46 in those with CIN1, and 122 in women with CIN2+. 

The most common alleles in the “no CIN” and CIN1 groups were DQB1*06:02-8 

(30/114, 26,3 % and 18/46, 39.1 %, respectively) and DQB1*03:01 (30/114, 26,3 % and 13/46, 

28,3 %, respectively). In the CIN2+ group, the prevalent alleles were DQB1*03:01 (50/122, 

41,0 %) and DQA1*05:01 (33/122, 27,0 %).  

CIN2+ was more frequently linked with DQA1*04:01 (OR 6.68, 95 % CI 1.47–30.29, 

p = 0.014), DRB*15:01 (OR 2.99, 95 % CI 1.22–7.39, p = 0.017), DQB1*04:01 (OR 2.91, 

95 % CI 1.11–7.68, p = 0.03), DQA1*01:03 (OR 2.72, 95 % CI 1.02–7.21, p = 0.045), 
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DRB1*11:01 (OR 2.42, 95 % CI 1.10–5.33, p = 0.029), and DQB1*03:01 (OR 1.94, 95 %  

CI 1.12–3.38, p = 0.018).  

Women with “no CIN” more frequently had DQB1*05:01 (OR 0.17, 95 %  

CI 0.04–0.81, p = 0.026), DRB1*16:01 (OR 0.21, 95 % CI 0.06–0.78, p = 0.019), DQA1*03:01 

(OR 0.35, 95 % CI 0.14–0.87, p = 0.024), and DRB1*14:01 (OR 0.59, 95 % CI 0.01–0.46, 

p = 0.007) (Table 2.5).  

Table 2.5 

Risk estimates of CIN2+ compared to “no CIN” 

Alleles Odds ratio (OR) 95 % Confidence Interval P value 

DRB1*11:01 2.42 1.10–5.33 0.029 

DRB1*14:01 0.59 0.01–0.46 0.007 

DRB1*15:01 2.99 1.22–7.39 0.017 

DRB1*16:01 0.21 0.06–0.78 0.019 

DQA1*01:03 2.72 1.02–7.21 0.045 

DQA1*03:01 0.35 0.14–0.87 0.024 

DQA1*04:01 6.68 1.47–30.29 0.014 

DQB1*03:01 1.94 1.12–3.38 0.018 

DQB1*04:01 2.91 1.11–7.68 0.03 

DQB1*05:01 0.17 0.04–0.81 0.026 
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Discussion 

The results of this study confirm the central role of HR-HPV infection, particularly  

HR-HPV DNA and E6/E7 mRNA expression, in the development of CIN2+. Importantly, 

aerobic vaginitis emerged as a strong independent factor associated with high-grade cervical 

lesions. In addition, specific HLA class II alleles were associated with either increased 

susceptibility or a protective effect against CIN2+. The strength of this study lies in  

the histological verification of all CIN diagnoses and the integrated analysis of viral, microbial, 

genetic, and social determinants of cervical neoplasia. 

Sociodemographic and behavioural factors 

Low education level emerged as one of the most critical factors associated with CIN2+, 

with women in the control group more likely to have higher education. This finding aligns with 

previous research, which has identified lower education as a key risk factor for cervical 

neoplasia, with a higher prevalence of CIN across all grades among women with limited formal 

education. (Caiyan et al., 2012; Parikh et al., 2003; Tao et al., 2014) A lower level of education 

is often associated with reduced health literacy, which can lead to decreased awareness of 

cervical cancer risk factors, symptoms, and the significance of regular screening. (Low et al., 

2012) Additionally, women with less education may be more likely to have high-risk sexual 

behaviours, like an earlier age at sexual debut, multiple sexual partners, and inconsistent 

contraception use (Rada, 2014), which significantly increases the risk of HR-HPV infection. 

(Hariri et al., 2011; Trottier and Franco, 2006)  

National Latvian data further support these associations. Among women who received 

cervical cancer screening invitations, 74 % responded; however, the proportion of screened 

women was lower among those with only primary education. (Ķīvīte-Urtāne, 2023) Another 

indicator of health literacy in Latvia is knowledge about sexually transmitted infections, 

particularly HIV. National data reveal that only one-third of respondents possess a minimally 

satisfactory understanding of HIV, with the lowest knowledge levels found among individuals 

with lower education and income, as well as among youth. Alarmingly, since 2003,  

the proportion of young people with moderate knowledge about HIV has declined (Ķīvīte-

Urtāne, 2023), possibly due to the removal of health education as a separate school subject.  

Although health literacy and sexual behaviour were not directly assessed in this study, 

observed patterns of contraceptive use provide indirect evidence. Women with CIN were less 

likely to use condoms and more often reported no contraception, aligning with national trends.  

Smoking is a major cervical precancer and cancer risk factor. This has been proven in 

many studies, including meta-analysis. (Nagelhout et al., 2021; Plummer et al., 2003; Roura  
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et al., 2014) In our research, smoking was also more common among women with cervical 

precancerous disease. As a recognised risk factor for cervical cancer, smoking impacts both 

humoral and cellular immunity in the vagina and cervix. A disrupted cellular response can 

impair HPV clearance, leading to persistent infection and progression to more severe 

conditions. (Eldridge et al., 2017; Haverkos et al., 2003; Plummer et al., 2003; Sopori, 2002)  

Additionally, smoking could serve as an indirect marker of education level.  

Vaginal ecosystem 

Growing evidence indicates that alterations in the vaginal microbiome contribute to 

HPV persistence and cervical neoplasia. Healthy vaginal flora is typically dominated by 

Lactobacillus species, whereas cervical lesions are associated with reduced lactobacilli and 

increased microbial diversity (Mitra et al., 2015; Norenhag et al., 2020; Chen et al., 2020). 

High-grade lesions, in particular, are associated with increased abundance of anaerobic and 

aerobic bacteria, such as Sneathia, Anaerococcus, and Peptostreptococcus (Mitra et al., 2015; 

Wen et al., 2025). However, the question remains whether the alterations in the microbiome are 

causing the progression of HPV infection toward precancer and cancer, or if the causality is 

reversed around. Mitra et al. found that women who underwent excisional treatment for  

high-grade squamous intraepithelial lesion (HSIL) maintained the same vaginal microbiota 

profile before and after treatment, supporting the notion that an altered vaginal microbiome is 

a crucial CIN risk factor. (Mitra et al., 2021) 

This study demonstrated that elevated vaginal pH and abnormal vaginal microflora were 

associated with CIN2+. These findings are consistent with previous reports linking increased 

vaginal pH to HPV detection and high-grade cervical lesions (Clarke et al., 2012; Teng & Hao, 

2020). Although elevated pH reflects changes in the vaginal environment rather than acting as 

a direct carcinogenic factor, recent experimental data suggest that higher pH may facilitate HPV 

adherence to epithelial cells (Liu & Li, 2024). 

According to our results, abnormal vaginal microflora itself is a CIN2+ risk factor. 

However, different types of it could be associated with CIN differently. The role of bacterial 

vaginosis as a risk factor for cervical squamous lesions has been a subject of debate for many 

years. Despite numerous studies, the results are contradictory. Some have reported  

a significantly increased incidence of CIN in women with bacterial vaginosis, although not all 

studies address the associations with the severity of CIN. (Gillet et al., 2012; Liang et al., 2019; 

Nam et al., 2009) In contrast, one study reported that BV was not only not associated with 

cervical precancer but could even prevent it. (Long et al., 2023)  A meta-analysis identified BV 

as a significant risk factor for HPV infection (OR 2.62, 95 % CI 1.84–3.73, p < 0.05), but only 
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a modest risk factor for CIN (OR 1.56, 95 % CI 1.21–2.00, p < 0.05). (Liang et al., 2019)  This 

study observed a correlation between BV and CIN1 but not with CIN2+. Low-grade CIN can 

result from both high-risk and low-risk HPV types. (Moscicki et al., 2001; Steben &  

Duarte-Franco, 2007)  Additionally, engaging in sexual behaviour, especially with a new 

partner, is the primary risk factor for HPV infection. (Moscicki et al., 2001) These findings 

imply that BV might act as an indirect indicator of HPV sexual transmission instead of directly 

contributing to HPV infection progression. However, since the study did not evaluate 

participants’ sexual activity and behaviours, we cannot confirm this assumption.  

Aerobic vaginitis is a relatively lesser-known form of abnormal vaginal microflora, and 

its relationship with cervical disease remains underexplored. This study identified  

an association between AV-related bacterial changes and histologically confirmed CIN. 

Notably, the severity of AV was correlated with the grade of cervical lesions, with moderate to 

severe AV strongly associated with CIN2+, whereas BV showed no similar link. Several other 

studies have also observed a connection between AV and abnormal cervical conditions 

cytology. (Jahic et al., 2013; Vieira-Baptista et al., 2016) Vieira-Baptista et al. have also 

described an essential link between inflammation caused by AV and cervical neoplasia.  

(Vieira-Baptista et al., 2016) The inflammatory features common to msAV and HPV-induced 

cervical dysplastic lesions are crucial in the progression toward invasive cancer. Inflammation 

is a key mechanism of HPV-driven carcinogenesis (Boccardo et al., 2010), as evidenced by 

elevated levels of inflammatory interleukins in individuals with CIN. (Iwata et al., 2015; Kemp 

et al., 2010). Moreover, cervical inflammation contributes to genotoxic damage through 

oxidative stress and changes in the cervical tissue microenvironment. (Castle & Giuliano, 2003; 

Matos et al., 2018) Similarly, AV is marked by varying degrees of inflammation, including an 

increased presence of vaginal leukocytes, immune-active “toxic leukocytes,” and significantly 

elevated levels of IL-1β and IL-6. (Donders et al., 2002) In this study, aside from the connection 

with msAV, a positive but non-significant relationship was also noted between the extent of 

leucocytosis and CIN2+ patients. The most effective diagnostic method for aerobic vaginitis is 

wet-mount microscopy, which was evaluated using the modified Donders-Schroeder scale, 

incorporating a composite AV score. (Donders et al., 2002; Wilson et al., 2018) While classical 

Gram-stained microscopy is highly effective for diagnosing BV and vulvovaginal candidiasis, 

it lacks specific diagnostic criteria for AV. (Wilson et al., 2018) As a result, relying solely on 

Gram-staining to assess the vaginal ecosystem may lead to missed AV diagnoses. Furthermore, 

other studies have emphasised the need for greater attention to AV and its potential association 

with cervical neoplasia. (Bi et al., 2023) 
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High-risk HPV DNA and E6/E7 mRNA 

HR-HPV infection is a necessary prerequisite for cervical cancer development (Bosch 

et al., 1995). This study identified a nearly fourfold increased risk of CIN2+ among women 

positive for HR-HPV DNA. However, approximately one-third of CIN2+ cases were HR-HPV 

DNA-negative, likely because the analysis was limited to only the six most common HR-HPV 

types. These genotypes (16, 18, 31, 33, 45, 58) are responsible for over 90 % of invasive 

cervical cancer cases. (Wei et al., 2024) Another possible explanation is that low-risk HPV 

types may also play a role in the development of CIN1-2 lesions. (Peto et al., 2004)  

In the “no CIN” group, nearly 8 % of individuals tested HR-HPV DNA positive, which could 

represent women with either newly acquired infections or those in whom cellular 

transformation has yet to occur. Other studies suggest that 5.1–29.3 % of cytologically normal 

smears may test positive for HR-HPV, varying based on the population and geographic region. 

(Peto et al., 2004) 

Detection of E6/E7 mRNA emerged as the strongest marker associated with CIN2+, 

reflecting transcriptionally active HPV infection. Expression of E6 and E7 oncogenes disrupts 

p53 and pRB tumor suppressor pathways, driving cellular transformation (Hoppe-Seyler et al., 

2018; Gupta et al., 2022). Numerous studies support the clinical utility of E6/E7 mRNA testing 

for identifying transforming infections and triaging HPV-positive women (Campbell et al., 

2013; Ren et al., 2018). Although the present study demonstrated a strong association, wide 

confidence intervals suggest limited statistical precision due to sample size. 

Vaginal infections 

Chlamydia trachomatis was the most common sexually transmitted infection in our 

study population, but no significant differences were observed between groups. However, 

previous studies have reported a link between C. trachomatis infection and cervical 

precancerous lesions. (Escarcega-Tame et al., 2020; Lehtinen et al., 2011; Madaan et al., 2019) 

The findings of this study did not replicate these results. However, the higher prevalence 

observed in the CIN1 group might be due to the transient nature of HPV infection at this stage, 

as well as the strong association between sexual behaviour and high-risk HPV acquisition. 

(Moscicki et al., 2001) The study of Jensen et al. reports similar results and finds no link 

between the detection of C.trachomatis DNA and the risk of HSIL among HPV-positive 

women. However, repeated chlamydiosis was related to a higher risk of CIN3+. (Jensen et al., 

2014) Nonetheless, a systematic review concluded that C.trachomatis co-infection can increase 

cervical cancer risk, and therefore, it would be recommended to test HPV-positive women for 

Chlamydia infection. (Karim et al., 2018)  
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T. vaginalis and M. genitalium cases in this study were found exclusively in the CIN2+ 

group, but their low numbers preclude meaningful correlations. In the literature, T. vaginalis is 

identified as a risk factor for cervical cancer. (Hamar et al., 2023; Yang et al., 2018) Data on 

M. genitalium remains inconclusive.  A 2018 meta-analysis found a link between M. genitalium 

and high-risk HPV infection, although it did not find an association with cervical 

cytopathology. (Ye et al., 2018)  

Among Mycoplasma species, M. hominis showed a significant univariate association 

with CIN2+, though this did not persist in multivariate analysis. Previous research indicates 

that Mycoplasma species may facilitate HPV persistence, but their independent role in cervical 

carcinogenesis remains unclear (Lopez-Arias et al., 2019; Ye et al., 2018). Shared sexual 

behavioural risk factors likely contribute to the co-occurrence of HPV and vaginal infections, 

though biological interactions cannot be excluded. Therefore, screening for these infections in 

the HPV-positive population could be advisable to identify high-risk women. Whether 

treatment of STI can lower disease progression and facilitate HPV clearance requires future 

research. 

HLA class II genes 

This study is the first to investigate the link between HLA class II genotypes and various 

grades of cervical intraepithelial neoplasia among Latvian women, making it one of the initial 

analyses of this kind in the Baltic region. The findings suggest a strong association between 

HLA-DRB1*11:01, DRB1*15:01, DQA1*01:03, DQA1*04:01, DQB1*03:01, and 

DQB1*04:01 and CIN2+. In contrast, HLA-DRB1*14:01, DRB1*16:01, and DQA1*03:01 

were more frequently observed in the “no CIN” group, suggesting a potential protective role. 

Consistent with previous studies, HLA-DRB1*15:01 has been associated with cervical 

cancer across various populations. (Bao et al., 2018; Chen et al., 2013; Hu et al., 2014; Krul  

et al., 1999; Leo et al., 2017; Rathika et al., 2016) This allele was notably more prevalent among 

patients with CIN1 and CIN2+ in this research. Notably, the DQA1*04:01 allele was six times 

more prevalent in the CIN2+ group than the “no CIN” group, though the wide 95 % confidence 

interval suggests the small sample size could impact this. This allele has not been linked to 

cervical disease before. Similarly, DQB1*04:01 was identified as significantly associated with 

CIN2+, with only one prior study documenting its presence in 2 out of 47 healthy individuals. 

(Rathika et al., 2016) Additionally, DRB1*11:01 was associated with more than a twofold 

increased risk of CIN2+, a finding also found in the British population. (Odunsi et al., 1996) 

The DQB1*03:01 allele, previously linked to high-grade disease and cervical cancer in British, 

Spanish, and Norwegian populations, was also more often observed in our CIN2+ cohort 
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compared to healthy participants. (Cuzick et al., 2000; Lie et al., 1999; Montoya et al., 1998; 

Odunsi et al., 1996) In contrast to previous genome-wide association studies that identified 

DQB1*06:02 as a risk allele, we found this allele to be nearly equally distributed between  

the “no CIN” and CIN2+ groups, with a higher prevalence in CIN1 patients. (Chen et al., 2013; 

Leo et al., 2017)  

While other European studies have reported associations between DRB1*04:01, 

DRB1*04:03, DQB1*03:02, DQB1*04:02, and DQB1*06:03 with increased risk of CIN and 

cervical cancer, we did not observe similar trends in our study population. (Cuzick et al., 2000; 

Montoya et al., 1998; Odunsi et al., 1996) However, we identified DRB1*14:01, DRB1*16:01, 

and DQA1*03:01 notably more frequently in the “no CIN” group, suggesting a potential 

protective role that was not previously documented. Additionally, DQB1*05:01 demonstrated 

a protective effect against CIN2 or worse, a finding consistent with studies about the British 

population. (Cuzick et al., 2000; Odunsi et al., 1996) Conversely, DRB1*13:01 and 

DQB1*06:03, which have been widely reported as protective alleles in previous studies, did 

not show a similar effect in the present study. (Chen et al., 2013; Chen & Gyllensten, 2015;  

de Araujo Souza et al., 2009; de Freitas et al., 2012; Leo et al., 2017; Zoodsma et al., 2005) 

Unexpectedly, DQA1*01:03, previously described as a protective allele, was 2.5 times more 

common in the CIN2+ group compared to the “no CIN” group in this study. (Chen et al., 2013; 

Leo et al., 2017) 

HLA polymorphisms are highly population-specific and reflect inherited 

immunogenetic susceptibility rather than modifiable risk (Trowsdale, 2011). These differences 

underscore the importance of studying underrepresented populations and suggest that 

population-specific genetic risk profiles may inform long-term risk stratification. 

Personalised screening and artificial intelligence 

The chance of developing cervical cancer after an HPV infection is relatively low. 

(Woodman et al., 2007) Identifying women at the highest risk is therefore essential. Evidence 

increasingly supports a multifactorial model of cervical carcinogenesis involving viral, 

microbial, host genetic, and behavioural factors. (Kyrgiou et al., 2017) Therefore, relying on 

HPV status alone is insufficient. Integrating various determinants – such as virus genotype, 

smoking, immune response, and co-infections – is crucial for developing comprehensive risk 

prediction models. Artificial intelligence (AI) has recently become a promising tool in this 

context.  Artificial intelligence-based models integrating these variables show promise for 

individualised risk assessment and precision screening. (Aballéa et al., 2020; Mehmood et al., 

2021) 
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Risk-based screening strategies are already being implemented in some countries, such 

as the United States, where management is guided by estimated CIN3+ risk rather than test 

results alone. (Perkins et al., 2020) HPV vaccination further necessitates adaptation of screening 

algorithms, as genotype prevalence shifts in vaccinated populations. (Gray et al., 2025)  

For countries with persistently high cervical cancer incidence, such as Latvia, personalised, 

risk-adapted screening could improve prevention effectiveness and resource allocation. 

(Stankunas et al., 2022) 

Limitations 

The main limitation of this study is its relatively small sample size, primarily due to 

financial constraints, which may affect the reliability and statistical power of the results, 

however, sample size calculations indicate that the number of participants remains sufficient to 

achieve statistically significant results. All patients underwent colposcopy by certified 

specialists, and all cases with suspected cervical neoplasia were subsequently subjected to 

histological examination, thereby increasing diagnostic precision. The cross-sectional design 

also restricts the ability to assess lesion progression over time. The analysis was limited to  

the six HR-HPV genotypes, but these types are most important in the pathogenesis of CIN. 

Moreover, the absence of data on sexual behaviour and infection risk factors hinders a complete 

understanding of the relationship between vaginal infections and HPV. Though this does not 

significantly influence the relationship between aerobic vaginitis and CIN, it is one of the most 

important findings in this study.  Wet-mount microscopy, being a relatively subjective method, 

exhibits intra- and inter-observer variability that can limit its reliability. The method can be 

influenced by the technique, device, scoring system used, and the performer’s skills.  

(Vieira-Baptista et al. 2021) However, in this study, Donder’s modification of Schröder’s scale 

was used to describe vaginal microflora. It provides a structural approach to vaginal 

composition and allows distinction between lactobacillary-dominated flora and abnormal 

microflora, including bacterial vaginosis, aerobic vaginitis, and mixed infection. (Donders, 

1999; Donders et al., 2002) Use of standardised criteria improves diagnostic accuracy. (Donders 

et al., 2015). Moreover, randomly selected slides were double-checked by a more experienced 

microscopy specialist assoc. prof. Jana Zodzika, which improves diagnostic quality. 
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Conclusions 

1 Women diagnosed with cervical precancer in this study exhibit a higher prevalence of 

increased vaginal pH and disturbances in the vaginal microbiome compared to healthy 

individuals. Notably, bacterial vaginosis demonstrates a significant correlation with  

low-grade precancerous lesions, while aerobic vaginitis – especially in moderate to severe 

stages – is strongly associated with CIN2+. 

2 The presence of high-risk HPV DNA and E6/E7 mRNA is the most important factor for 

high-grade cervical neoplasia in the current investigation. No statistically significant 

associations were identified between sexually transmitted infections and CIN. However, 

among other vaginal infections, M. hominis emerged as the third most important independent 

risk factor for CIN2+. 

3 A notable link was found in this research between certain HLA alleles – specifically,  

HLA-DRB1*11:01, DRB1*15:01, DQA1*01:03, DQA1*04:01, DQB1*03:01, and 

DQB1*04:01 – and a higher risk of CIN2+. Conversely, alleles like HLA-DRB1*14:01, 

DRB1*16:01, and DQA1*03:01 were more common in women without CIN, indicating they 

might offer some protection against cervical neoplasia. 

4 Smoking is significantly associated with cervical intraepithelial neoplasia across all severity 

grades and is one of the most important independent risk factors for CIN2+ in the present 

study. Conversely, a higher education level appears to be a protective effect against  

the development of CIN. 
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Proposals 

1 Develop and implement personalised, risk-based cervical cancer screening models that 

incorporate viral, microbial, genetic, and behavioural factors to enhance diagnostic accuracy 

and optimise resource use. 

2 Enhance public health efforts to promote smoking cessation, sexual health awareness, and 

education on the significance of regularly participating in cervical screening programmes. 

3 Further investigate pH measurement and assessment of abnormal flora, such as aerobic 

vaginitis, alongside HPV testing in women at increased risk of cervical neoplasia, and 

explore the potential for reducing the risk by restoring a normal vaginal microenvironment. 

4 Investigate the application of HLA class II genotyping in assessing cervical cancer risk to 

identify women with a genetic predisposition to high-grade cervical lesions and aid in 

developing population-specific genetic risk profiles. 

5 Conduct longitudinal and mechanistic studies on the roles of aerobic vaginitis, Mycoplasma 

hominis, and HLA polymorphisms in cervical carcinogenesis to develop future personalised 

prevention strategies. 
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