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Introduction. This study aims to investigate the distribution of high-risk HPV 

genotypes in different cervical pathology and identify the diagnostic agreement 

between colposcopy and cervical biopsy in Kazakhstan.  

Methods. This is a cross-sectional cohort study that was conducted in a tertiary care 

hospital in Astana, Kazakhstan from November 2024 to March 2026. Women of 

reproductive age aged 18–45 years underwent HPV testing, a video-colposcopy and 

colposcopy-guided cervical biopsy.  

Results. The study included 483 participants who were not previously vaccinated 

from HPV. Colposcopy was done for 285 women. 48.5% of participants had normal 

colposcopic impression, 40.1% had abnormal grade I impression, and 10.6% had 

abnormal grade II impression. Among these 285 patients, cervical biopsy results 

were available for 127 participants and the distribution of biopsy results varied 

significantly among three colposcopic impressions. The agreement percentage 

between colposcopic impressions and biopsy results is 37.5%, unweighted Cohen's 

κ = 0.083 (bootstrap CI -0.097-0.269) indicating weak and the quadratic-weighted κ = 

0.342 (bootstrap CI [0.178, 0.477]) indicating a moderate degree of agreement.  

Conclusion. Although discordance was present between colposcopy and cervical 

pathology, our results demonstrated that colposcopy has potential to increased 

diagnostic value in detection of high grade cervical changes.  
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1. Introduction 

 

 

 

2. Мaterials and Methods 

 

 

 

 

 

 

Cervical cancer is a global healthcare burden that 

ranked to be the fourth most prevalent cancer among 

women worldwide [1]. An estimated incidence of 

cervical cancer exceeds 600,000 while number of deaths 

attributable for cervical cancer is almost 350,000 [2]. In 

Kazakhstan, estimated incidence of cervical cancer in 

age-standardized group was 19 per 100,000 women in 

2022 and listed as a second most common cancer among 

this population [3-6].  

The persistence of human papillomavirus (HPV) 

is a main factor of development of cervical cancer and 

precancerous lesions. HPV is a non-enveloped sexually 

transmitted virus with circular and double-stranded 

DNA [7]. The are more than 200 types of HPV with 

several types linked to different dysplastic lesions [7,8]. 

There are 12 high carcinogenic HPV strains that are more 

probable to cause cancer than other strains. This 12 types 

are identified by the International Agency for Research 

on Cancer (IARC) and include  HPV 

16/18/31/33/35/39/45/51/52 /56 /58, and 59 [9]. There are 

also group 2 or probably carcinogenic HPV strains 

reported by IARC and include HPV-68 (group 2A), HPV-

26, HPV-30, HPV-34, HPV-53, HPV-66, HPV-67, HPV-69, 

HPV-70, HPV-73, HPV-82, HPV-85, and HPV-97 (group 

2B) [10]. Almost 70% of cervical cancer worldwide related 

with HPV-16 and HPV-18.   

However, previous studies show that the 

distribution of high-risk HPV genotypes vary among 

different cervical precancerous lesions [7-11]. In addition, 

population-related factors like migration and sexual 

behaviour and disease-related factors like precancerour 

lesion type and diagnostic methods are the main factors 

that gave this variability [10,11]. Therefore, the 

investigation of regional variations fof HPV prevalence 

and distribution are important for genotype-specific 

prevention of cervical cancer and prediction of vaccine 

efficacy [10,11].  

Primary prevention of cervical cancer include 

vaccination against HPV. However, there are high-risk 

HPV strains that not targeted by currently available 

vaccines while being responsible for up to 7% of cervical 

cancer incidence worldwide [10]. These strains include 

HPV-35/ HPV-39/ HPV-51/ HPV-56/ HPV-59 [10]. 

Secondary prevention of cervical cancer includes 

screening programs. In some regions, including 

Kazakhstan, cervical cytology alone is considered as a 

secondary prevention [5,6]. World Health Organization 

(WHO) emphasized the importance of HPV DNA testing 

in low- and middle-income countries due to its higher 

sensitivity than cervical cytology [13].  

In addition to cervical cytology and HPV DNA 

testing, colposcopy is an important next step in detection 

of cervical lesions [14]. Colposcopy is also included in the 

primary medical check up of cervical cancer in most of 

the countries, Kazakhstan [4,15-17]. However, the 

diagnostic value of colposcopy varies depending on 

population [18,19] and by now, there is a scarcity of 

research on diagnostic value of this methods in our 

region [6,20]. This study aims to investigate the 

distribution of high-risk HPV genotypes in different 

cervical precancerous lesions and identify the diagnostic 

agreement between colposcopy and cervical biopsy in 

identification of cervical lesions among unvaccinated 

women in Kazakhstan.   

 

 

 

 

Study design 

This is a cross-sectional cohort study conducted 

in the tertiary care hospital in Astana, Kazakhstan from 

November 2024 to March 2026. The study followed the 

Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) guidelines [21].  

Eligible population 

Women of reproductive age aged 18–45 years, 

who were not pregnant at the time of the study, and with 

a regular menstrual cycle are enrolled to the study. 

Exlcusion criteria was the presence of chronic diseases, 

acute inflammatory processes, smoking history, 

intrauterine device in situ, history of HPV vaccination, 

use of probiotics and/or antibiotic therapy and/or 

immunosuppressive therapy within the previous 14 days 

and any surgeries within 45 days preceding the study.  

The study instrument and Data collection  

Polymerase chain reaction (PCR) was used for 

determination of high-risk HPV genotypes. The set of 

reagents “Realbest DNA HPV HCR genotype 

quantitative” is used, intended for the differential 

detection and quantitative determination of DNA of 

human papillomaviruses 16,18,31,33,35,39,45,51,52,56,58, 

and 59 types of highly carcinogenic risk.   
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3. Results 

 

 

 

The colposcopy was performed using МК-200 

digital videocolposcope (Scaner, MEDVisor EVA, 

Russian Federation) with interchangeable magnifications 

from 3,3x to 22x. A patient was appropriately positioned 

on a gynecological chair, uterine cervix is visualized per 

vaginal speculum. Visual inspection of vagina and сervix 

was performed with naked eyes before colposcopic 

examination. Then videocolposcopy was performed with 

3% percent acetic acid, which was applied to the vaginal 

part of the uterine cervix with a cotton swab and allowed 

to soak for 1 minute; visual examination was performed 

with colposcope. As the next step 5% iodine solution was 

applied to the vaginal part of the uterine cervix to 

highlight the dysplastic areas (if any) [23]. The 

colposcopy results were recorded accorign to 2011 IFCPC 

colposcopic terminology of the cervix [24].  

Histopathological outcomes were graded 

according to the WHO terminology: normal, cervical 

intraepithelial neoplasia grade 1 (CIN1), cervical 

intraepithelial neo-plasia grade 2 (CIN2), cervical 

intraepithelial neoplasia grade 3 (CIN3) and carcinoma in 

situ [25].  

Data analysis 

Statistical analyses, as well as the visualization of 

results, were conducted using Python version: 3.11.12 

(NumPy: 2.0.2, Pandas: 2.2.2, Statsmodels: 0.14.4, SciPy: 

1.15.3, Scikit-learn: 1.6.1, Matplotlib: 3.10.0, Seaborn: 

0.13.2). 

Ethical Consideration 

This study was conducted following the 

Declaration of Helsinki and its subsequent modifications 

and approved by the Local Bioethics Committee of 

“UMC” Corporate Fund (Minutes No. 2024/02-013 of 10 

May 2024). All participants provided written informed 

consent. The research team complies with all principles 

of scientific ethics and biomedical research ethics, and 

maintains high standards of intellectual integrity when 

implementing the program.  
 

 

 

 

Socio-demographic data of the patients  

The study included 483 participants who were 

not previously vaccinated from HPV. 256 participants 

had no HPV infection, while HPV was positive in 173 

women. The socio-demographic data of the patients with 

and without HPV infection is presented in Table-1. The 

mean age of all participants were 34.5 ± 6.4 years with 

slightly older group of patients in HPV negative group 

(35.25 ± 6.18 years). There was no difference between 

groups in ethnicity, education level, BMI, number of 

sexual partners, hormonal contraception, and STI status. 

However, marital status, number of pregnancies and 

deliveries, number of abortions and use of any type of 

contraception, including barier were statistically higher 

among HPV negative women. The most significant 

difference was shown in barrier contraception use (70.8% 

in HPV negative group vs. 59.0% in HPV positive group, 

p = 0.0232).  

 
Table 1 - Socio-demographic data of the patients 

 

Variable Statistics HPV negative 

(n=310) 

HPV positive 

(n=173) 

Age Mean ± SD 35.25 ± 6.18 33.17 ± 6.60 

Median [Q1–Q3] 34.96 [31.60–40.00] 33.86 [27.92–37.48] 

Min–Max 19.93–45.88 19.90–46.03 

Statistic (p) t = 3.13 p = 0.0019 

Ethnicity Kazakh 285 (91.8%) 156 (89.9%) 

Russian 14 (4.7%) 10 (5.8%) 

Others 11 (3.5%) 7 (4,3%) 

Statistic (p) Chi-square: 11.09 p = 0.4354 

Education Incomplete secondary 2 (0.8%) 1 (0.7%) 

Secondary professional 51 (16.3%) 21 (12.2%) 

Bachelor 215 (69.3%) 121 (70.5%) 

Masters 39 (12.5%) 26 (15.1%) 

PhD 3 (1.2%) 4 (1.4%) 

Statistic (p) Chi-square: 1.58 p = 0.8130 

Marital status Single 58 (18.7%) 53 (30.9%) 

Married 222 (71.6%) 96 (55.4%) 

Divorced 27 (8.6%) 23 (12.9%) 
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Widow 3 (1.2%) 1 (0.7%) 

Statistic (p) Chi-square: 11.39 p = 0.0098 

BMI Mean ± SD 23.85 ± 4.62 23.36 ± 4.56 

Median [Q1–Q3] 23.14 [20.57–26.35] 22.31 [20.26–25.56] 

Min–Max 15.78–43.26 14.88–42.80 

Statistic (p) t = 1.03 p = 0.3037 

Number of sexual partners Mean ± SD 1.57 ± 1.79 2.18 ± 5.42 

Median [Q1–Q3] 1.00 [1.00–1.00] 1.00 [1.00–2.00] 

Min–Max 0.00–20.00 0.00–60.00 

Statistic (p) t = -1.65 p = 0.0991 

Number of pregnancies Mean ± SD 2.38 ± 1.91 1.51 ± 1.60 

Median [Q1–Q3] 2.00 [1.00–4.00] 1.00 [0.00–2.00] 

Min–Max 0.00–8.00 0.00–9.00 

Statistic (p) U = 22720.00 p = 0.0000 

Number of deliveries Mean ± SD 1.74 ± 1.39 1.20 ± 1.26 

Median [Q1–Q3] 2.00 [0.00–3.00] 1.00 [0.00–2.00] 

Min–Max 0.00–5.00 0.00–5.00 

Statistic (p) t = 3.81 p = 0.0002 

Number of abortions Mean ± SD 0.36 ± 0.74 0.13 ± 0.43 

Median [Q1–Q3] 0.00 [0.00–0.00] 0.00 [0.00–0.00] 

Min–Max 0.00–4.00 0.00–3.00 

Statistic (p) U = 20258.00 p = 0.0011 

Barrier contraception 0 219 (70.8%) 102 (59.0%) 

1 91 (29.2%) 71 (41.0%) 

Statistic (p) Chi-square: 5.16 p = 0.0232 

Hormonal contraception 0 300 (96.9%) 169 (97.8%) 

1 10 (3.1%) 4 (2.2%) 

Statistic (p) Fisher: 0.69 p = 0.7536 

Any type of contraception 0 210 (67.7%) 98 (56.8%) 

1 100 (32.3%) 75 (43.2%) 

Statistic (p) Chi-square: 4.16 p = 0.0414 

STI status STI negative 64 (20.6%) 44 (25.2%) 

STI positive 246 (79.4%) 129 (74.8%) 

Statistic (p) Chi-square: 0.84 p = 0.3604 

 

       
 

Figure 1 - Prevalence of HPV genotypes among cervical biopsy groups 
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      Distribution of HPV genotypes among cervical biopsy 

groups 

Colposcopy was perfermed to 285 women. 48.5% 

of participant had normal colposcopic impression, 40.1% 

had abnormal grade I impression, and 10.6% had 

abnormal grade II impression. Among these 285 patients, 

cervical biopsy was performed to 127 patients. Among 12 

high-risk genotypes of HPV, HPV-16 was the most 

prevalent genotype and had a positive correlation with 

biopsy results (from 16.7% in CIN I to 75.0% in carcinima 

in situ). In the heatmap presented in Figure 1, it is shown 

that HPV-18, HPV-33, HPV-35, HPV-39, HPV-45, HPV-

51, HPV56, and HPV-58 were the next prevalent HPV 

genotypes among different biopsy groups.  

Agreement between colposcopy and cervical pathology  

Pathohistological analysis showed that cervicitis 

was present in 15 cases, CIN I in 55 cases, CIN II in 33 

cases, CIN III in 14 cases, and carcinoma in situ in 10 

women. The distribution of cervical histopathology 

results among three colposcopic impression groups is 

presented in Figure 2. The distribution of biopsy results 

varied among three colposcopic impressions.  

 

           
 

 
(A)  

 
(B) 

Colposcopic images 1.  

(A) Normal cervical colposcopy with the biopsy showing CIN II, HPV-59.  
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4. Discussion 

 

 

 

(B) Grade 2 impression colposcopy with thick acetowhite epithelium after acetic 

acid application which did not take up Lugol’s iodine staining, the biopsy showing 

cervicitis with no atypia, HPV-16, Gardnerella vaginalis+, CMV+.  

CIN – cervical intraepithelial neoplasia; HPV - human papillomavirus; CMV – 

cytomegalovirus.  

 

The agreement percentage between colposcopic 

impressions and biopsy results is 37.5%. Unweighted 

Cohen's κ is 0.083 (bootstrap CI -0.097-0.269) indicating 

weak or virtually insignificant agreement. The quadratic-

weighted κ is 0.342 (bootstrap CI [0.178, 0.477]) indicating 

a moderate degree of agreement across scales. According 

to figure 2, for normal colposcopy, there were biopsies of 

grades CIN I and CIN II; for colposcopy grade 1, there 

were many biopsies of CIN I, CIN II and with some 

cervicitis and carcinoma in situ; for colposcopy grade 2, 

CIN II–III and carcinoma in situ were also common. This 

means that most of the discrepancies are in adjacent 

categories (e.g., colposcopy grade 1 vs. biopsy CIN II), 

which explains the discrepancy between the unweighted 

kappa (low) and quadratic-weighted kappa (moderate). 

            

 

 
A) 

 
(B)   

Colposcopic images 2.  

(A) Normal cervical colposcopy, zone of transformation type 3, biopsy showing CIN 

II, HPV negative.  

(B) Grade 2 impression colposcopy with thick acetowhite epithelium in 11-12 o’clock 

after acetic acid application, biopsy showing cervicitis with no atypia, HPV-45. 

CIN – cervical intraepithelial neoplasia; HPV - human papillomavirus.  

       

 

 

 

Cervical cancer rate remains high in low- and 

middle-income countries which represents the existing 

healthcare problems [2,26,27]. The root cause of this issue 

can be inadequte prevention and follow-up programs in 

that regions [26,27]. Therefore, in our study we addressed 

the secondary prevention of cervical cancer, including 

HPV testing and colposcopy among non-vacinnated 

women in Kazakhstan.  

According to our results, marital status, parity 

and gravidity was negatively correlated with HPV status 

and this reflects the general trend worldwide [28-30]. The 

use of barrier contraception is also shown as a protective 

factor against HPV infection [28-30]. High-risk HPV 
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5. Conclusion 

 

 

 

genotypes distribution was comparable with the 

previously reported epidemiological studies. HPV-16 is 

identified the leading cause of increasing grade of 

cervical precancerous lesions in both European and 

Asian population, including Kazakhstan [5,31,32]. 

However, the high prevalence of HPV-52 and HPV-33 in 

cervical precancerous lesions is present in Kazakhstani 

population showing the regional specificity of HPV 

genotype distribution [5,6,33].  

A three-step diagnostic approach is a well-

established strategy of cervical cancer, including 

screening, visual inspection, and histological 

confirmation [34,35]. Colposcopy is an integral 

component of this three-step diagnostic approach. 

However, the diagnostic accuracy of colposcopy differs 

between various studies and hospitals [14,36]. This can be 

explained by several clinical and anamnestic factors of 

the patients. These factors include menopause status, the 

type of transformation zone, and the status of HPV 

[37,38]. Previous studies reported that the diagnostic 

accuracy of colposcopy decreased to 56.02% in 

postmenopausal patients that is a decrease by 30-40% 

from premenopausal patients [36]. The challenge of 

accurate colposcopic examination in postmenopausal 

patients is primarily explained by changes in hormonal 

status. These changes lead to migration of tranformation 

zone to endocervix and thus decrease the visualization 

[36,39]. In our study, we included only premenopausal 

women and the influence of menopausal factor was 

excluded.  

Colposcopic changes are also influenced by the 

presence of high-risk HPV. While some studies reporte 

that diagnostic accuracy is influenced differently by 

different genotypes of HPV, some clinical studies showed 

that HPV-16 and HPV-18 increase the agreement 

between colposcopy and cervical pathology [36]. This 

findings are explained by the pathological viral 

mechanism that causes visual cervical changes. However, 

our study results showed that despite positive viral status 

and colposcopic visual changes, cervical pathology may 

not show any atypical changes. This lead to further 

research questions, including  investigation of viral load 

on diagnostic accuracy of colposcopy [40]. 

Although discordance was present between 

colposcopy and cervical pathology, our results 

demonstrated that high grade cervical lesions was 

visualized as either grade 1 or grade 2 colposcopic 

impression. This shows the importance of colposcopy as 

a guiding tool for cervical biopsy and for establishment 

of futher management. Our study confirms that 

diagnostic agreement between colposcopy and cervical 

pathology might vary depending on patients’ factors. 

However, detailed visual inpection still remains an 

essential component of cervical cancer diagnosis in 

Kazakhstan.  

Strengths and limitations  

This study also investigates the agreement 

between colposcopy and cervical biopsy in this region for 

the first time. The current study uses standardized 

diagnostic procedures and internationally recognized 

diagnostic classifications from a single center. This shows 

the reliability of our results that can be further compared 

with future studies.   

The main limitation of this study includes the 

number of participants that might decrease the statistical 

power for colposcopy and biopsy agreement. In addition, 

this study includes participants only from a single center 

that affect generalizability of the study. Finally, exclusion 

of vaccinated participants limits the investigation vaccine 

effect on diagnostic value of colposcopy. Therefore, 

future research should include higher number of patients 

from multi-centers, including vaccinated women.  

 

 

 

 

Cervical cancer pose an important physical and 

mental health burden for women worldwide. Our study 

focused on secondary prevention of cervical cancer. The 

distribution of high risk HPV genotypes was comparable 

with the previous findings in our region. Although 

discordance was present between colposcopy and 

cervical pathology, our results demonstrated that 

colposcopy has increased diagnostic value in detection of 

high grade cervical changes. This proves the importance 

of colposcopy as a guiding tool for cervical biopsy as a 

final diagnosis and for establishment of further 

management. Further multi-center studies are necessary 

to validate these findings.   

Institutional Review Board Statement: The 

study was conducted according to the guidelines of the 

Declaration of Helsinki and was approved by the Local 

Bioethics Committee of “UMC” Corporate Fund 

(Minutes No. 2024/02-013 of 10 May 2024). 

Informed Consent Statement: Informed consent 

was obtained from all subjects involved in the study.  

Data Availability Statement: The data can be 

shared up on request. 
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Түйіндеме 
Кіріспе. Бұл зерттеудің мақсаты - Қазақстандағы жатыр мойнының обыры алды патологиясындағы 

жоғары қауіпті адам папилломавирусы (АПВ)  генотиптерінің таралуын зерттеу және кольпоскопия мен 

жатыр мойны биопсиясы арасындағы диагностикалық сәйкестікті анықтау. 

Әдістер. Бұл зерттеу - 2024 жылдың қарашасынан 2026 жылдың наурызына дейін Астана қаласындағы 

үшінші деңгейлі ауруханада жүргізілген көлденең когорттық зерттеу. 18-45 жастағы әйелдер АПВ тестілеуінен, 

бейне-кольпоскопиядан және кольпоскопия жетекшілігімен жатыр мойны биопсиясынан өтті. 
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Нәтижелер. Зерттеуге бұрын АПВ-дан вакцинацияланбаған 483 қатысушы қатысты. 285 әйелге 

кольпоскопия жасалды. Қатысушылардың 48,5%-ында кольпоскопиялық әсер қалыпты, 40,1%-ында I дәрежелі 

ауытқулар, ал 10,6%-ында II дәрежелі ауытқулар болды. Осы 285 пациенттің ішінде 127 қатысушы жатыр мойны 

биопсиясынан өтті және биопсия нәтижелерінің таралуы үш кольпоскопиялық әсер арасында айтарлықтай 

өзгерді. Кольпоскопиялық әсерлер мен биопсия нәтижелері арасындағы сәйкестік пайызы 37,5% құрайды, 

өлшенбеген Коэн κ = 0,083 (bootstrap CI -0,097-0,269) әлсіздікті, ал квадраттық өлшенген κ = 0,342 (bootstrap CI 

[0,178, 0,477]) орташа сәйкестік дәрежесін көрсетеді. 

Қорытынды. Кольпоскопия мен жатыр мойны патологиясы арасында сәйкессіздік болғанымен, біздің 

нәтижелеріміз кольпоскопияның жатыр мойнының жоғары дәрежелі өзгерістерін анықтауда диагностикалық 

құндылығын арттыру мүмкіндігі бар екенін көрсетті. 

Түйін сөздер: жатыр мойнының обыры алды патологиясы, кольпоскопия, адам папилломавирусы, 

жатыр мойнының биопсиясы, жатыр мойны обыры.  
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Резюме 
Введение. Целью данного исследования было изучить распределения генотипов вируса паппиломы 

человека (ВПЧ) высокого риска при предраковых патологиях шейки матки среди женщин Казахстане и 

определение степени соответствия результатов кольпоскопии и биопсии шейки матки. 

Методы. Это поперечное когортное исследование, проведенное в многопрофильной больнице в Астане, 

Казахстан, с ноября 2024 года по март 2026 года. Женщины репродуктивного возраста 18–45 лет прошли 

тестирование на ВПЧ, видеокольпоскопию и биопсию шейки матки под контролем кольпоскопии. 

Результаты. В исследование были включены 483 участницы, ранее не вакцинированные против ВПЧ. 

Кольпоскопия была проведена 285 женщинам. У 48,5% участниц кольпоскопическое заключение было 

нормальным, у 40,1% – аномальным I степени, и у 10,6% – аномальным II степени. Среди этих 285 пациенток 

биопсия была произведена 127 участницам, и распределение результатов биопсии значительно различалось 

между тремя кольпоскопическими заключениями. Процент совпадения между кольпоскопическими 

заключениями и результатами биопсии составляет 37,5%, невзвешенный коэффициент Каппа Коэна = 0,083 

(bootstrap CI - 0.097-0.269), что указывает на слабое совпадение, и квадратично-взвешенный коэффициент Каппа 

= 0,342 (bootstrap CI [0.178, 0.477]), что указывает на умеренную степень совпадения. 

Заключение. Хотя между кольпоскопией и патологией шейки матки наблюдалось расхождение, наши 

результаты показали, что кольпоскопия потенциально может повысить диагностическую ценность при 

выявлении изменений шейки матки высокой степени. 

Ключевые слова: предраковые поражения шейки матки, кольпоскопия, вирус папилломы человека, 

биопсия шейки матки, рак шейки матки. 
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