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Abstract

Aim: This study aims to determine prevalence of HR-HPV in Kazakhstani women with abnormal
cervical cytology results. The hypothesis is that HR-HPV prevalence will be high among these
women.

Methods: An anonymous patient database (de-identified patient records) will be used for data
analysis. Statistical analysis will be carried out with STATA 16.

Results: Women with abnormal cytology were slightly older (mean age: 36.8) than those with no
abnormal cytology (mean age: 36.0). The most prevalent age group in both categories was 25-
34. Overall frequency of HPV was higher among women with abnormal cytology (81.6%)
compared to those with no abnormal cytology (39.5%). HPV16 was the most frequent type,
observed in 28.4% of women with abnormal cytology and 9.2% of women with no abnormal
cytology. Multiple HPV infections were more frequent in women with abnormal cytology,
particularly co-infections of HPV16 and HPV18.

Conclusion: This study highlights the high prevalence of HPV infection in Kazakhstani women
with abnormal cervical cytology, with HPV 16 and HPV 18 being the most prevalent types. The
findings support the need for targeted HPV vaccination and enhanced screening programs to
prevent cervical cancer in Kazakhstan.



Introduction

Cervical cancer (CC) is a malignant disease of the uterine cervix that develops due to
the uncontrollable growth of epithelial cells that line the cervix (National Cancer Institute, n.d.). It
is the fourth most widespread cancer and also the most prevalent reason for deaths related to
cancer amidst women, especially in low- and middle-income countries (LMICs), where CC
accounts for nearly 85% (Sung et al., 2021; Serrano et al., 2018). About 604,000 new cases
and 324,000 deaths of CC were found in 2020, with incidence rates varying significantly by
country (Arbyn et al., 2020; Sung et al., 2021).

Human papillomavirus (HPV) was shown to be linked to CC development, predominantly
transmitted through genital skin-to-skin contact, though other transmission routes exist (Zur
Hausen, 2002; Okunade, 2020; Petca et al., 2020). Seventy percent and more of sexually active
people will become infected sometime during their lives (Bruni et al., 2010; Chan et al., 2019).
High-risk HPV (HR-HPV) types, particularly HPV16 and 18, are strongly correlated with CC,
while most HPV infections are transitory and rarely advance to cancer (Okunade 2020).
Persistent HR-HPV infections, however, may give rise to cervical intraepithelial neoplasia (CIN),
a premalignant condition with a potential to progress to CC (Crosbie et al., 2013; Stanley et al.,
2007; Woodman et al., 2007).

The natural history of CC is long (up to 20 years), and there are stages of neoplastic
premalignant lesions called cervical intraepithelial neoplasia (CIN) preceding the CC (Crosbie et
al., 2013; Stanley et al., 2007; Woodman et al., 2007). CIN lesions are categorized into CIN1,
CIN2, and CIN3, with varying risks of progression to CC. CINL1 typically regresses
spontaneously, while CIN3 is a true precancerous lesion with a significant risk of developing into
CC if left untreated (Chan et al., 2019; Moscicki et al., 2010).

In Kazakhstan, CC incidence is high, with rates increasing between 2009 and 2018
(lgissinov et al., 2021). Contributing factors include the high prevalence of HPV, lack of
vaccination against HPV, and low coverage of CC screening (Aimagambetova et al., 2021;
Bekmukhambetov et al., 2016; Niyazmetova et al., 2017). Improving screening program
accuracy and coverage is essential. This research project aims to determine the prevalence of
HR-HPV in Kazakhstani women with abnormal cervical cytology, hypothesizing that it will be
higher in women who attend gynecological clinics than in the overall population.



Methods

Study design and study subjects

The project’s design was a cross-sectional study. The data was collected between May
2019 and June 2020, and then anonymized. Data analysis and subsequent report generation
were done using de-identified records of patients (an anonymous patient database). The
database included patients’ dates of birth, results of their Papanicolaou test, and their HPV
status. Women aged 18 to 70 who visited gyneacological clinics were recruited using
convenience sampling.

Study settings

The study included women from five cities different regions of Kazakhstan: central
(Astana), western (Aktobe), southern (Almaty), eastern (Oskemen), and northern (Pavlodar).
Cervical samples for HPV genotyping were collected during routine cervical screening with the
Papanicolaou test (Pap test) and analyzed in the NUSOM laboratory by PCR. In this study the
analysis of anonymized patients’ data was performed.

Ethical considerations

Initial data collection was approved by the Institutional Research Ethics Committee of
Nazarbayev University on 23 April 2019 (IREC number: 146/4042019). Every participant was
made aware of the study’s objectives, methodology, risks and benefits. After being informed that
the study was anonymous and voluntary, verbal consent was received from each participant. In
this study, only an anonymous dataset was analyzed. Anonymous dataset analyses were
approved by the Nazarbayev University School of Medicine Institutional Research Ethics
Committee (NU IREC), which granted this project an exemption.

Statistical Analysis

STATA 16 was used for the statistical analysis. When appropriate, descriptive statistics
from mean values, standard deviations, and frequencies will be used in data analysis.
Continuous independent variables were examined using the Kruskal-Wallis test and student t-
test. Categorical independent variables will be analyzed using Fischer’'s exact tests as well as
Chi-square tests. All analyzes were regarded as significant if the P-value is less than 0.05.



Results

Table 1 describes the mean ages of women with “no abnormal cytology and a "positive
HPV test” and “abnormal cytology and a "positive HPV test”. Overall, women with no abnormal
cytology were slightly younger (36.02+10.9) than women with abnormal cytology (36.8+11.3)
(Table 1). Women were also divided into age categories. The most prevalent category in both
was women aged 25-34 (Table 1). The least prevalent age category in women with no abnormal
cytology was 55-70 (11.1%), while in women with abnormal cytology, the least prevalent was
the 45-54 age group (10.1%).

The mean ages of the two groups were analyzed using a student’s t-test, indicating no
statistically significant difference (p = 0.331), suggesting that in this dataset, age was not a
determining factor for abnormal cytology. Age categories were compared using a chi-square
test, which produced p-value of 0.496, further indicating that there was no significant difference
in the age distribution between the two groups.

Table 1. Data on participants’ HPV status.

Variables No abnormal Abnormal cytology p-value
cytology and a "+" and a ‘+' HPV test
HPV test
Age 36.02+10.9 36.8+11.3 0.331 (student t-test)
Age categories: 0.496 (Chi-square)
<25 31 (14.9%) 12 (11.0%)
25-34 83 (39.9%) 46 (42.2%)
35-44 40 (19.2%) 23 (21.1%)
45-54 31 (14.9%) 11 (10.1%)




55-70 23 (11.1%) 17 (15.6%)

Single HPV No abnormal

infection: cytology and a "+"

HPV test

HPV16 19 (9.2%) 31 (28.4%) 0.968 (Chi-square)

HPV18 9 (4.3%) 17 (15.6%) 0.728 (Chi-square)

HPV31 4 (1.9%) 2 (1.8%) 1.0 (Fischer’s exact)

HPV33 10 (4.8%) 10 (9.2%) 0.400 (Fischer’s
exact)

HPV35 2 (0.9%) 1 (0.9%) 1.0 (Fischer’s exact)

HPV39 7 (3.4%) 4 (3.7%) 1.0 (Fischer’'s exact)

HPV45 6 (2.9%) 2 (1.8%) 1.0 (Fischer’s exact)

HPV51 8 (3.8%) 5 (4.6%) 0.248 (Fischer’s
exact)

HPV52 7 (3.4%) 6 (5.5%) 0.628 (Fischer’s
exact)

HPV56 1 (0.5%) 3 (2.8%) 0.400 (Fischer’s
exact)

HPV58 2 (1.0%) 6 (5.5%) 1.0 (Fischer’s exact)

HPV59 7 (3.4%) 2 (1.8%) 0.109 (Fischer’s
exact)

Total: 39.5% 81.6%

Multiple HPV 0.083 (Chi-square)

infections:

HPV 16 & HPV 18 2 (14.3%) 6 (31.2%)

HPV16 & HPV58 0 2 (10.5%)

HPV52 & HPV56 0 2 (10.5%)

HPV16 & HPV51 3 (21.4%) 2 (10.5%)

HPV16 & HPV59 & 0 2 (10.5%)

HPV33




HPV58 & HPV33 0 2 (10.5%)
HPV16 & HPV39 2 (14.3%) 1 (5.3%)
HPV18&31 0 2 (10.5%)
HPV18 & HPV45 1 (7.1%) 0

HPV18 & HPV56 1 (7.1%) 0
HPV18& HPV45 & |2 (14.3%) 0

HPV51

HPV31 & HPV51 2 (14.3%) 0
HPV31& HPV52 & |1 (7.1%) 0

HPV33

These women, with or without abnormal cytology, were also tested for the HPV infection
prevalence and its different types. The overall prevalence of HPV among women with abnormal
cytology was 81.6%, while in women with normal cytology, it was 39.5% (Table 1). Thus, the
total prevalence of HPV was two times higher in women with abnormal cytology. Among women
with normal cytology, the highly prevalent HPV types were HPV16 (9.2%), HPV18 (4.3%), and
HPV33 (4.8%). The same can be said about women with abnormal cytology since the highest
prevalence was seen with HPV 16 (28.4%), 18 (15.6%), and 33 (9.2%). The percentages of all
other types can be seen in Table 1.

Chi-square tests were used for HPV16 and HPV18 to check for statistical difference in
HPV prevalence between women with normal and abnormal cytology. The results showed no
significant difference with p-values of 0.968 and 0.728, respectively. Low sample size HPV
types, such as HPV31, HPV33 and others, were subjected to Fisher’'s exact test. These types
were also not statistically associated with abnormal cytology (p-values> 0.05).

There were also multiple infections with different types of HPV. Women with normal
cytology mostly had HPV16 and HPV51 co-infections (21.4%), while those with abnormal
cytology mostly had HPV16 and HPV18 (31.2%). To boost statistical power and account for the
small sample sizes of individual multiple HPV infection types, multiple HPV infections were
combined into a contingency table. To determine if these infections were to linked to abnormal
cytology, a chi-square test was conducted. The test’s p-value of 0.083 indicated that there was
no significant correlation between abnormal cytology and multiple infections.

Women with abnormal cytology were further divided into women with CIN1, 2, and 3
lesions. Figure 1 describes the prevalence of these different CIN lesions in women with
abnormal cytology and a positive HPV test. As one can see, the highest prevalence, more than
half, is attributed to CIN1, with 61% (Figure 1). CIN2 and CIN3 are roughly similar, with 22%
and 17%, respectively.



ECIN1I mCIN2 mCIN3

Figure 1. Prevalence of CIN lesions in women with abnormal cytology and a positive HPV test

Table 2 illustrates data for women with CIN1, 2, and 3 lesions. The lowest mean age
among these women was CIN3 (35.61+9.7), and the highest was CIN1 (37.3+11.4). The age
category with the highest prevalence was again 25-34 with around 40% (Table 2). In women
with CIN1 lesions, the lowest prevalence was in age categories “<25” and “45-54" with 10.%.
Similarly, women in the “45-54” age group are the least prevalent (8.3%) in CIN2 lesions. The
lowest prevalence among women with CIN3 lesions was 10.5%, which was seen in the “<25”,
“45-54” and “55-70” age categories. Age differences between the CIN1, CIN2, and CIN3 groups
were assessed using the Kruskal-Wallis test. Since the data was not regularly distributed, this
test was selected. The test’s p-value of 0.396 indicated that there was not significant variation in
the age distribution of the three CIN groups.

Table 2. Data on participants with CIN 1, 2, and 3 lesions

CIN1 CIN2 CIN3 p-value

Age 37.3+11.4 36.5+12.7 35.64+9.7 0.396 (Kruskal-
Wallis)

Age categories: 0.999 (Chi-
square)

<25 7 (10.6%) 3 (12.5%) 2 (10.5%)

25-34 28 (42.4%) 10 (41.7%) 8 (42.1%)

35-44 13 (19.7%) 5 (20.8%) 5 (26.3%)

45-54 7 (10.6%) 2 (8.3%) 2 (10.5%)




55-70 11 (16.7%) 4 (16.7%) 2 (10.5%)

Single HPV

infection:

HPV16 13 (19.7%) 9 (37.5%) 9 (47.4%) 1.0 (Chi-square)

HPV18 5 (7.6%) 5 (20.8%) 7 (36.8%) 1.0 (Chi-square)

HPV31 0 0 2 (10.5%) N/A

HPV33 2 (3.0%) 6 (25.0%) 2 (10.5%) N/A

HPV35 1 (1.5%) 0 0 N/A

HPV39 3 (4.5%) 1 (4.2%) 0 N/A

HPV45 2 (3.0%) 0 0 N/A

HPV51 5 (7.6%) 0 0 N/A

HPV52 2 (3.0%) 0 4 (21.1%) N/A

HPV56 1 (1.5%) 0 2 (10.5%) N/A

HPV58 2 (3.0%) 4 (16.7%) 0 N/A

HPV59 0 2 (8.3%) N/A

Total HR-HPV 36 27 26 1.0 (Chi-square)

Multiple HPV 0.008 (Chi-

infections: square, x* =
29.77)

HPV16 & HPV18 | 2 (40%) 0 4 (50%)

HPV16 & HPV58 | O 2 (33.3%) 0

HPV52 & HPV56 | 0 0 2 (25%)

HPV16 & HPV51 | 2 (40%) 0 0

HPV16& HPVS59 | O 2 (33.3%) 0

& HPV33

HPV58 & HPV33 | O 2 (33.3%) 0

HPV16 & HPV39 | 1 (20%) 0 0




HPV18& HPV31 |0 0 2 (25%)

Figure 2 portrays the frequency of single HPV infections among women with CIN1, 2,
and 3 lesions. These are visual representations of the data in Table 2. As one can see in Figure
2, women with CIN1 lesions had 10 different single HPV infections. The most predominant HPV
types were HPV16 (19.7%), HPV18 (7.6%), and HPV51 (7.6%). Women with CIN2 lesions
mostly had six different single HPV infections, with the most prevalent being HPV 16, 18, and 33
with 37.5, 20.8, and 25 percent, respectively (Figure 2). There were also six types of HPV in
women with CIN3 lesions (Figure 2). The most common among them was HPV16 with almost
half (47.4%), HPV18 with 36.8%, and HPV52 with 21.1%.

The results of a chi-square test for HR-HPV presence across CIN1, CIN2 and CIN3
showed a p-value of 1.0, showing that there was no statistically significant difference in high-risk
HPYV infections across CIN severity levels. Because of their greater sample numbers, HPV16
and HPV18 were examined independently, whereas other HPV types, along with HPV16 and
HPV18, were grouped together into a single high-risk HPV category. This approach was
necessary because the small sample for individual HPV types made separate statistical tests
infeasible.

prevalence (%)
[
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HPV16 HPV18 HPV31 HPV33 HPV35 HPV39 HPV45 HPV51 HPV52 HPV56 HPV58 HPV59

CIN1 mCIN2 mCIN3

Figure 2. Prevalence of different HPV types in women with CIN1, CIN2 and CIN3

Multiple infections are also visualized in Figure 3. CIN lesions were used to categorize
women with abnormal cytology. Overall, more than half of women with multiple HPV infections
had abnormal cytology. Co-infections with HPV16 & HPV51 and HPV16 & HPV18 were most
common (40%) in women with CIN1 lesions. Among women with CIN2, co-infections with




HPV58 & HPV33, HPV16 & HPV18, and a triple infection with HPV16 & HPV33 & HPV59 had
equal prevalences (33%). Half of the women with CIN3 had an HPV16 & HPV18 co-infection.

Multiple HPV infections were put into a contingency table and evaluated using a chi-
square test in order to further examine the connection between the severity of CIN and multiple
HPYV infections. This test produced a statistically significant p-value of 0.008, which is different
from the case of abnormal cytology. This indicates that the severity of CIN increased with the
number of HPV infections. This finding suggest that the severity of CIN increased with the
number of HPV infections.

pa——

HPVSS & HPV 16 &

HPV33 HPV 18

HPV16 & HPVSS

= Abnormal cytology and a ‘+" HPV test = No abnormal cytology and a "+" HPV test
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Figure 3. Multiple HPV infections in women with abnormal cytology, categorized by CIN1, CIN2,
and CIN3 lesions.



Discussion

Cervical cancer (CC) remains to be a significant problem for medicine and public health
globally (Arbyn et al., 2018), even though the World Health Organization is heavily integrating
HPV vaccination and screening programs into local healthcare systems (Aimagambetova et al.,
2022). Cervical cancer development has been directly correlated with persistent HR-HPV
infection (zur Hausen, 2002; Serrano et al., 2018), with more than 95% of CC cases being
attributed to HR-HPV infection (Okunade, 2020; Castellsagué, 2008). In a study done in various
Kazakhstani regions, the prevalence of HR-HPV was around 39-43%, which is relatively high
(Babi et al., 2021; Niyazmetova et al., 2017). Fortunately, CC has a long progression span of
around 20 years (Rodriguez et al., 2008; Chan et al., 2019), which means that precancerous
lesions are treatable when detected early. When it comes to Kazakhstan, incidence of CC has
risen over the past ten years (Igissinov et al., 2021), despite the presence of a national cervical
cancer screening program in the country (Aimagambetova et al., 2021). Although there is some
understanding about prevalence of high-risk HPV in women attending gynecological clinics, no
studies on the frequency of high-risk HPV types amidst Kazakhstani women with precancerous
cervical lesions have been conducted. Thus, objective of this research project was to assess the
prevalence of high-risk HPV types in women who have abnormal cervical cytology.

One of the main findings of this study is that 81.6% of women with abnormal cytology
had HR-HPV infection, while the prevalence in women with normal cytology was 39.5%. This
outcome is comparable to another study in Ethiopia, where the prevalence of HR-HPV in
women with abnormal cytology was 83.2% (Wolday et al., 2018). Similarly, an Israeli study
found that HPV was identified in 85% of the samples with CIN3 lesions (Bassal et al., 2015).

Another finding was that among women with abnormal cytology, the most prevalent HPV
types were HPV16 (28.4%), HPV18 (15.6%), HPV33 (9.2%), HPV52 (5.5%), and HPV58
(5.5%). This is similar to other studies in countries like Russia (Shipitsina et al., 2011), Cyprus
(Krashias et al., 2017), Ethiopia (Wolday et al., 2018), Mongolia (Tsedenbal., 2018), and Turkiye
(Beyazit et al., 2018; Muderries et al., 2019). Especially, in studies from Japan (Zhang et al.,
2019) and China (Xu et al., 2023), one can see similarities in HR-HPV types with the highest
prevalence. Xu et al. (2023) claim that this might be because some genotypes of HPV are more
common among various races or regions.

This study also stratified abnormal cytology by CIN lesions and identified the HPV
prevalence for each. For CIN1 lesions, the top three most common HPV types were HPV16
(19.7%), HPV18 (7.6%), and HPV51 (7.6%). In a study done in Northern China, the results were
quite different, with the three most frequent HR-HPV types for CIN1 being HPV16 (36.7%),
HPV58 (20.4%), and HPV56 (15.3%) (Zhao et al., 2019). In a different study done also in China,
the HPV types with the highest prevalence for CIN1 were 16, 52, 33, 58, 56, 66, and 68 (Ma and
Yang, 2021). In Iran, despite common high-risk types like HPV types 16 (32%) and 18 (12%),
other low-risk types like 6 (15%), 42 (8%), and 53 (6%) were found for CIN1 (Salavatiha et al.,
2021). The authors suggest that these low-risk types might be more aggressive in Iran, which is
why they are found in CIN1 lesions. When it comes to more developed countries, in a study
done on Portuguese women, the top three HPV types detected for CIN1 were HPV 16, HPV31,



and HPV66 (Pista et al., 2010). HPV 16 and HPV18 were the most common HPV types in
another Israeli study, with HPV51, HPV 58, HPV59, and HPV66 sharing third place (Siegler et
al., 2017). One can see that the most common HPV genotype for the CIN1 lesion is HPV16,
with other types being more common depending on different regions.

The prevalence of different HPV types within high-grade cervical lesions like CIN2 and
CIN3 was also identified in this study. The most predominant HPV types among women with
CIN2 were HPV 16 (37.5%), 18 (20.8%), and 33 (25%). Around half (47.4%) of the women with
CIN3 had HPV 16. HPV18 and HPV52 were also common, with 36.8% and 21.1%, respectively.
In many studies, CIN2 and CIN3 were combined and considered together as high-grade cervical
intraepithelial neoplasias. In an EDITH study in France, HPV16, HPV31, and HPV33 were, in
descending order, the three most prevalent HPV genotypes in both CIN2 and CIN3 lesions
(Pretet et al., 2007). Similarly, in an Israeli study, HPV16 and HPV31 had the highest
prevalence among CIN 2-3 lesions, with HPV18 being the third (Siegler et al., 2017). According
to Pista et al. (2010), HPV16 and HPV31 infections were again the most prevalent in
Portuguese women’s CIN2+ lesions, with HPV51 and HPV53 sharing the third place. In Iran,
CIN2-3 cases frequently exhibited the presence of HPV types 16, 18, and 31 (Salavatiha et al.,
2021). In two studies from China (Zhao et al., 2019; Ma and Yang, 2021), CIN2+ lesions were
mostly infected with HPV16, 52, 58, and HPV16, 18, 58, respectively. All studies discussed,
including our own, had HPV16 as the most predominant genotype, just like CIN1 lesions do.

In this study, abnormal cytology was present in more than half of the women with
multiple HPV infections. A co-infection present in all three CIN lesions was HPV16 and HPV18.
In an EDITH study (Pretet et al., 2007), HPV16 and HPV18 co-infection was infrequent,
however, HPV16 with other high-risk HPVs, excluding HPV18, was the most common co-
infection. An important statistical finding of this study is that while multiple HPV infections were
not significantly associated with abnormal cytology, they were significantly associated with CIN
severity (p = 0.008). The strong correlation implies that having several HPV infections could be
a factor in the development of more severe lesions after CIN1. The study by Jaisamrarn et al.
(2013), which analyzed the development of HPV infection in the PATRICIA study’s control arm,
supports this conclusion. Their findings suggest that numerous HPV infections may enhance the
probability of cervical lesion progression, emphasizing the potential significance of co-infections
in CIN severity.

This is the first study in Kazakhstan that we are aware of that looks into the frequency of
high-risk HPV in women with abnormal cervical cytology. In contrast to earlier research from
Kazakhstan (Balmagambetova et al., 2020; Imankulova et al., 2018), which only reported the
prevalence of cervical lesions, this study connected the participants’ HPV with abnormal cervical
cytology. Another strength of this study is that because the participants came from a variety of
regions of the country, the study’s conclusions are probably applicable to women in Kazakhstan.
Moreover, finding out how common high-risk HPV infection is in women with abnormal cervical
cytology will aid in both choosing the best HPV vaccine and advancing the HPV vaccination
cause. Still, there are some limitations to this study. The sample size of the study was
comparatively small, which could have led to a reduction in the precision of the estimates. Some
other limitations include incomplete information regarding the participants’ past medical and



parity histories, as well as the lack of information regarding Pap test results following proper
treatment of cervical lesions. A larger sample size with more participant information should be
used in future research on the prevalence of HR-HPV and abnormal cervical cytology to
enhance the validity of the results.

Cervical cancer is among the cancers that can be prevented. Thus, one crucial public
health strategy for women with abnormal cervical cytology is screening for HR-HPV because it
has been established that HPV infection and CC are connected. The introduction of an HPV
vaccination program is essential given the high frequency of high-risk HPV types, especially
types 16, 18, 31, 33, and 52, among Kazakhstani women who have abnormal cervical cytology.
Gardasil-9 would be the most suitable vaccination for immunizing women in Kazakhstan for that
reason. Vaccination could help prevent most cases of cervical lesions if it were put into practice.

In conclusion, this study shows a high rate of high-risk HPV (HR-HPV) amidst women
with abnormal cervical cytology in Kazakhstan, with 81.6% of these women carrying HPV types
like 16, 18, 33, 52, and 58. These findings match global data, highlighting the important role of
HR-HPV in the development of cervical cancer. Even though Kazakhstan has a national
screening program, the rising number of CC cases over the past decade suggests that stronger
public health efforts are needed. In addition to that, introducing an HPV vaccination program,
especially with Gardasil-9, could help lower CC cases. However, the study’s small sample size
and incomplete data suggest that more research is necessary to confirm these results. Overall,
the study emphasizes the need for widespread HPV vaccination and screening to prevent
cervical cancer and improve women’s health in Kazakhstan.



References

Aimagambetova, G., Chan, C. K., Ukybassova, T., Imankulova, B., Balykov, A.,
Kongrtay, K., & Azizan, A. (2021). Cervical cancer screening and prevention in Kazakhstan and
Central Asia. Journal of Medical Screening, 28(1), 48-50.

Aimagambetova, G., Babi, A., Issanov, A., Akhanova, S., Udalova, N., Koktova, S., ... &
Issa, T. (2021). The distribution and prevalence of high-risk HPV genotypes other than HPV-16
and HPV-18 among women attending gynecologists’ offices in Kazakhstan. Biology, 10(8), 794.

Arbyn, M., Weiderpass, E., Bruni, L., de Sanjosé, S., Saraiya, M., Ferlay, J., & Bray, F.
(2020). Estimates of incidence and mortality of cervical cancer in 2018: a worldwide analysis.
The Lancet Global Health, 8(2), e191-e203.

Babi, A., Issa, T., Issanov, A., Akilzhanova, A., Nurgaliyeva, K., Abugalieva, Z., ... &
Aimagambetova, G. (2021). Prevalence of high-risk human papillomavirus infection among
Kazakhstani women attending gynecological outpatient clinics. International Journal of
Infectious Diseases, 109, 8-16.

Balmagambetova, S. K., Tinelli, A., Urazayev, O. N., Sakieva, K. Z., Koyshybaev, A. K.,
Zholmukhamedova, D. A., & Urazayeva, S. T. (2019). HPV types distribution in general female
population and in women diagnosed with cervical cancer across western Kazakhstan. Asian
Pacific journal of cancer prevention: APJCP, 20(4), 1089.

Bruni, L., Diaz, M., Castellsagué, M., Ferrer, E., Bosch, F. X., & de Sanjosé, S. (2010).
Cervical human papillomavirus prevalence in 5 continents: meta-analysis of 1 million women
with normal cytological findings. Journal of Infectious Diseases, 202(12), 1789-1799.

Canfell, K. (2019). Towards the global elimination of cervical cancer. Papillomavirus
research, 8, 100170.

Castellsagué, X. (2008). Natural history and epidemiology of HPV infection and cervical
cancer. Gynecologic oncology, 110(3), S4-S7.

Castellsagué, X., Bosch, F. X., & Mufioz, N. (2002). Environmental co-factors in HPV
carcinogenesis. Virus research, 89(2), 191-199.

Chan, C. K., Aimagambetova, G., Ukybassova, T., Kongrtay, K., & Azizan, A. (2019).
Human papillomavirus infection and cervical cancer: epidemiology, screening, and
vaccination—review of current perspectives. Journal of oncology, 2019.

Crosbie, E. J., Einstein, M. H., Franceschi, S., & Kitchener, H. C. (2013). Human
papillomavirus and cervical cancer. The Lancet, 382(9895), 889-899.

De Sanjose, S., Quint, W. G., Alemany, L., Geraets, D. T., Klaustermeier, J. E.,
Lloveras, B., ... & Bosch, F. X. (2010). Human papillomavirus genotype attribution in invasive



cervical cancer: a retrospective cross-sectional worldwide study. The lancet oncology, 11(11),
1048-1056.

Gravitt, P. E., & Winer, R. L. (2017). Natural history of HPV infection across the lifespan:
role of viral latency. Viruses, 9(10), 267.

Hu, Z., & Ma, D. (2018). The precision prevention and therapy of HPV- related cervical
cancer: new concepts and clinical implications. Cancer medicine, 7(10), 5217-5236.

Jaisamrarn, U., Castellsague, X., Garland, S. M., Naud, P., Palmroth, J., Del Rosario-
Raymundo, M. R., ... & HPV PATRICIA Study Group. (2013). Natural history of progression of
HPV infection to cervical lesion or clearance: analysis of the control arm of the large,
randomised PATRICIA study. PloS one, 8(11), e79260.

Kaidarova, D., Zhylkaidarova, A., Dushimova, Z., & Bolatbekova, R. (2018). Screening
for cervical Cancer in Kazakhstan.

Kops, N. L., Bessel, M., Horvath, J. D. C., Domingues, C., de Souza, F. M. A,,
Benzaken, A. S., ... & Wendland, E. M. (2019). Factors associated with HPV and other self-
reported STI coinfections among sexually active Brazilian young adults: cross-sectional
nationwide study. BMJ open, 9(6), e027438.

Imankulova, B., Babi, A., Issa, T., Zhumakanova, Z., Knaub, L., Yerzhankyzy, A., &
Aimagambetova, G. (2023, January). Prevalence of Precancerous Cervical Lesions among
Nonvaccinated Kazakhstani Women: The National Tertiary Care Hospital Screening Data
(2018). In Healthcare (Vol. 11, No. 2, p. 235). Multidisciplinary Digital Publishing Institute.

Mirabello, L., Clarke, M. A., Nelson, C. W., Dean, M., Wentzensen, N., Yeager, M., ... &
Burk, R. D. (2018). The intersection of HPV epidemiology, genomics and mechanistic studies of
HPV-mediated carcinogenesis.

Moscicki, A. B., Ma, Y., Wibbelsman, C., Darragh, T. M., Powers, A., Farhat, S., &
Shiboski, S. (2010). Rate of and risks for regression of CIN-2 in adolescents and young women.
Obstetrics and gynecology, 116(6), 1373.

Niyazmetova, L., Aimagambetova, G., Stambekova, N., Abugalieva, Z., Seksembayeva,
K., Ali, S., & Azizan, A. (2017). Application of molecular genotyping to determine prevalence of
HPV strains in Pap smears of Kazakhstan women. International Journal of Infectious Diseases,
54, 85-88.

Okunade, K. S. (2020). Human papillomavirus and cervical cancer. Journal of Obstetrics
and Gynaecology, 40(5), 602-608.

Petca, A., Borislavschi, A., Zvanca, M. E., Petca, R. C., Sandru, F., & Dumitrascu, M. C.
(2020). Non-sexual HPV transmission and role of vaccination for a better future. Experimental
and therapeutic medicine, 20(6), 1-1.



Rodriguez, A. C., Schiffman, M., Herrero, R., Wacholder, S., Hildesheim, A., Castle, P.
E., ... & Proyecto Epidemiologico Guanacaste Group. (2008). Rapid clearance of human
papillomavirus and implications for clinical focus on persistent infections. Journal of the National
Cancer Institute, 100(7), 513-517.

Serrano, B., Brotons, M., Bosch, F. X., & Bruni, L. (2018). Epidemiology and burden of
HPV-related disease. Best practice & research Clinical obstetrics & gynaecology, 47, 14-26.

Stanley, M. A,, Pett, M. R., & Coleman, N. (2007). HPV: from infection to cancer.
Biochemical Society Transactions, 35(6), 1456-1460.

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, |., Jemal, A., & Bray,
F. (2021). Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: a cancer journal for clinicians, 71(3), 209-249.

What is cervical cancer? National Cancer Institute. (n.d.). Retrieved February 26, 2023,
from https://www.cancer.gov/types/cervical

World Health Organization. (n.d.). A cervical cancer-free future: First-ever global
commitment to eliminate a cancer. World Health Organization. Retrieved January 27, 2023,
from https://www.who.int/news/item/17-11-2020-a-cervical-cancer-free-future-first-ever-global-
commitment-to-eliminate-a-cancer

Woodman, C. B., Collins, S. I., & Young, L. S. (2007). The natural history of cervical
HPV infection: unresolved issues. Nature Reviews Cancer, 7(1), 11-22.

Zur Hausen, H. (2002). Papillomaviruses and cancer: from basic studies to clinical
application. Nature reviews cancer, 2(5), 342-350.


https://www.cancer.gov/types/cervical
https://www.who.int/news/item/17-11-2020-a-cervical-cancer-free-future-first-ever-global-commitment-to-eliminate-a-cancer
https://www.who.int/news/item/17-11-2020-a-cervical-cancer-free-future-first-ever-global-commitment-to-eliminate-a-cancer
https://www.who.int/news/item/17-11-2020-a-cervical-cancer-free-future-first-ever-global-commitment-to-eliminate-a-cancer

