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ABSTRACT
Aim: This study aimed to identify the prevalence and distribution of high-risk human papillomavirus
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(HR-HPV) types among Kazakhstani women with abnormal cervical cytology.
Methods: A cross-sectional study was performed from May 2019 to June 2020. Cervical samples
were collected from women in the different regions of Kazakhstan.
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Results: A total of 316 patients’ samples were analysed for HR-HPV using real-time multiplex PCR.
Cervical cytology abnormalities were reported according to the Bethesda classification. HPV
detection by cytology showed a statistically significant association with HPV status and the
number of HPV infection types (p < .05). Among women with abnormal cervical cytology, 62.4%
were positive for HPV infection of those 79.4% had low-grade squamous intraepithelial lesions
(LSIL), and 20.6% had high-grade squamous intraepithelial lesions (HSIL). Among patients with
LSIL, 77.4% had HPV16 and 58.8% were infected with HPV18. Among patients with HSIL, 41.2%
had HPV18 and 22.6% - HPV16.

Conclusions: There is a high prevalence of HR-HPV types among Kazakhstani women with
abnormal cervical cytology. The most identified types were HPV16, 18, 31, 33 and 52. There is an
emergency need to implement an HPV vaccination program to prevent cervical lesion
development.
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Introduction Kazakhstan is a middle-income country, which
shows a high incidence rate of cervical cancer in
women of all ages that had risen significantly to 18.2
per 100,000 women for the past decade [3-5]. As was
reported by the local researchers, the crude rate of
cervical cancer incidence increased from 16.3 + 0.4 in
2009 to 19.5 £ 0.5 in 2018 [6]. Cervical cancer ranks as
the second leading cause of cancer and cancer-related

death in Kazakhstani women with over 1700 new cer-

During the recent decade, cervical cancer has been
estimated to be the fourth most common cancer in
women worldwide and the leading cause of cancer
death in low- and middle-income countries (LMICs) [1].
According to the GLOBACAN data, the absolute num-
ber of cervical cancer cases worldwide increased over
time (from 471,000 in 2000 to 529,000 in 2008, and to
570,000 in 2018) [1], and it continues to be a major

public health issue with almost 0.6 million cases and
0.3 million deaths per year [1,2]. The estimated
age-standardized incidence of cervical cancer differs

vical cancer cases diagnosed annually [3,5,7]. According
to multiple resources, approximately 80-99% of all cer-
vical cancer cases have been linked to human papillo-

between developed countries and LMICs [1,2]. mavirus (HPV) infection [2,8,9].
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HPV is a small non-enveloped double-stranded DNA
virus of the Papillomaviridae family [7-10]. Among
more than 200 HPV types, due to their strong correla-
tion to anogenital cancers, 15 were identified as
high-risk human papillomavirus (HR-HPV) — 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 and 82 [7-11].
HR-HPV types 16 and 18 are responsible for about
70% of all cervical cancer cases worldwide, while the
other high-risk types (31, 33, 35, 45, 52 and 58) are
responsible for 20% [2,8-11]. The natural progression
of the disease is lengthy: it takes up to 20-30 years
from the initial HPV infection until cervical cancer
development through the stages of the premalignant
cervical lesion [10-15]. It gives a long time window,
which should be used as an opportunity to make
appropriate interventions to prevent cervical cancer.

The prevalence of HPV infection varies among
countries in the world from 6% in Middle East coun-
tries to almost 50% in Africa and Oceania [1,2,16].
While the HR-HPV epidemiology has been reported in
the majority of countries worldwide, there is a lack of
information about the prevalence of HR-HPV types in
Kazakhstan. In a few studies [17-20], it has been
reported that prevalence among women attending
gynaecological clinics varies from 26% to 43.6%.
However, these reports were based on the analysis
without linking them to cervical cytology results.
Therefore, a large-scale investigation of the HPV infec-
tion prevalence, especially in patients with abnormal
cytology, is required. Understanding HR-HPV types cir-
culating among Kazakhstani women leading to prema-
lignant cervical lesions, and potentially cervical cancer,
could facilitate the planned implementation of the
HPV vaccination program in 2024 [15,21-23]. This
study aimed to identify the prevalence of HR-HPV
among women with abnormal cervical cytology and to
investigate the HR-HPV genotype distribution in
Kazakhstan.

Methods
Study design and sample collection

A cross-sectional study was conducted between May
2019 and June 2020. The STROBE guideline for
cross-sectional studies was followed. Women from five
cities of central (Astana, capital city), southern (Almaty),
western (Aktobe), northern (Pavlodar) and eastern
(Oskemen) regions of Kazakhstan participated in this
study. Women between the ages of 18 and 70 attend-
ing gynaecological clinics were invited to participate,
using a convenience sampling method. Cervical speci-
mens for HPV genotyping were collected as a part of

cervical screening by the Papanicolaou test (Pap-test).
Samples were collected using plastic cytobrush and
placed into 1.5mL tubes for further transportation and
HPV genotyping. Samples were stored at —20°C in the
freezer until the DNA extraction process.

Laboratory methods

DNA extraction from the samples was performed using
Wizard® Genomic DNA Purification Kit (Promega,
Madison, WI) according to the manufacturer’s manual.
The purity and quantity of the DNA were checked and
recorded on Nanodrop 2000, Thermo Scientific
(Waltham, MA). Purified DNA was stored in a —80°C
freezer until it was used for HPV DNA genotyping. HPV
genotyping was performed by the real-time multiplex
PCR method using the Vector Best’s RealBest DNA HPV
HCR genotype quantitative assay kit according
(Vector-Best, Novosibirsk, Russia) to manufacturer’s
instructions. The kit can detect and differentiate 12
high-risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58 and 59). The instrument used for real-time PCR
was the CFX 96 Real-Time PCR, Bio-Rad Laboratories
(Hercules, CA). For each PCR reaction, positive and
negative controls were used. DNA concentration of
samples was 3.75ng/pL, resulting in 37.5ng per well.
The generated data were analysed in the software pro-
vided by the manufacturer and the positivity or nega-
tivity of the samples for HPV type was determined
according to the manufacturer’s thresholds.

The Pap-test was performed on all participants
included in the study. Gynaecologists followed stan-
dard procedures for cervical sampling: a cytobrush was
introduced into the cervical canal and rotated five
times (360°) to collect cells for cytology examination.
Cytology samples were analysed using liquid-based
cytology (LBC) following standard procedure. Smears
were diagnosed and reported using the Bethesda sys-
tem for cervical cytology [24]. All women diagnosed
with abnormal cervical cytology - low-grade squa-
mous intraepithelial lesions (LSIL) and high-grade
squamous intraepithelial lesions (HSIL) - were treated
according to the national guideline on cervical lesions
management.

Quality assurance

For quality assurance, all laboratory procedures were
performed in the Nazarbayev University Medical clus-
ter (NU Medicine) research laboratories following the
study protocol (Supplementary Material 1). Special
attention was drawn to the participants’ selection
(based on inclusion/exclusion criteria), the protocol
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implementation, the utilization of an HPV test, and
staff competence [25]. HPV genotyping kits validated
in the previous pilot study [17] were utilized.

Ethical considerations

The study was approved by the Institutional Research
Ethics Committee of Nazarbayev University on 23 April
2019 (IREC number: 146/4042019). All participants
were informed of the risks, benefits, goals and meth-
ods of the study. Verbal consent was received from
participants after they were informed about the volun-
teer and anonymous nature of the study.

Statistical analysis

Statistical analysis was performed using STATA version
16 (StataCorp LLC, College Station, TX). Descriptive sta-
tistics were calculated, including means, standard devi-
ations, and absolute and relative frequencies, where
applicable. To assess a relationship between a continu-
ous variable and a categorical variable, a Student t-test
or Wilcoxon rank-sum test was employed. For categor-
ical independent variables, the Chi-square test or
Fisher's exact test was used. A p value of <.05 was
considered a statistically significant finding.

Results
HPV prevalence and age distribution

In total, 316 women participated in the study (Table 1).
The age ranged between 18 and 70 years, where the
mean was 36.4 + 10.96 years. Over a quarter (26.6%) of
women were between 26 and 30 years old, and 18% of
women were between 31 and 35 years old.

No cases of cervical cancer were identified among
the study participants. Most participants had normal
cytology results (negative for intraepithelial lesion or
malignancy, NILM). Less than half of the participants
(34.5%) had abnormal cytology results — LSIL and HSIL.
The majority of the study participants (86.2%) had
LSIL, 13.8% had HSIL based on the results from cervi-
cal cytology (Table 1). The most common HPV geno-
types were: HPV16 (15.8%), HPV18 (8.2%), HPV31
(6.3%), HPV 51 (4.1%) and HPV52 (4.1%, Table 1).

HPV prevalence by age

Among HPV-positive women (N = 133), women aged
between 26 and 30 years had the highest prevalence
of HPV (26.3%). The second highest prevalence of HPV
was among women between 31 and 35 years old
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Table 1. Age distribution, HPV and CIN prevalence.
Participants, N (%)

Variables N = 316
Age
Range 18-70
Mean + SD 36.4 + 10.96
18-25 42/316 (13.3%)
26-30 84/316 (26.6%)
31-35 57/316 (18.0%)
36-40 31/316 (9.8%)
41-45 34/316 (10.8%)
46-50 20/316 (6.3%)
51-55 22/316 (7.0%)
>56 26/316 (8.2%)
Pap-test
Negative 207/316(65.5%)
Abnormal 109/316 (34.5%)
LSIL 94/109 (86.2%)
HSIL 15/109 (13.8%)
HPV infection
HPV positive 133/316 (42.1%)
HPV negative 183/316 (57.9%)
HPV positive N =133

100/133 (75.2%)
33/133 (24.8%)

Single HPV type

Multiple HPV types (n > 2)
HPV genotype (single and

multiple)

HPV16 50 (15.8%
HPV18 26 (
HPV 31 6 (
HPV33 20 (
HPV35 3¢
HPV39 11 (
HPV45 8 (2.5%
HPV51 3¢
HPV52 3¢
HPV56 4 (
HPV58 8 (
HPV59 9 (

(19.6%). The lowest prevalence was among women
aged between 51 and 55 years (6.8%) and women
older than 56 years (6.8%) (Figure 1, panel A). The
highest prevalence of single HPV infection was among
women aged between 26 and 30 years (25%) and
among women aged between 31 and 35 years (21%)
(Figure 1, panel B). Among women with two or three
HPV infections (N = 33), the highest prevalence was
among women aged between 26 and 30 years (30.3%).
Three age groups (18-25, 31-35, and 46-50) had a
15.2% prevalence of multiple HPV infections (Figure 1,
panel Q).

Association of HR-HPV infection and abnormal
cervical cytology

Among women with abnormal cervical cytology
(N = 109), 62.4% were positive for HPV infection (Table
2). Approximately, 2/3 of women (79.4%) had LSIL and
were HPV positive. More than 20% of women with
HSIL cytology results were positive for HPV. HPV detec-
tion by cytology showed a statistically significant asso-
ciation with HPV status (p = .000) (Table 2).
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Figure 1. Age-specific prevalence of HPV infection. Panel A — age-specific prevalence of HPV infection; panel B - age-specific
prevalence of single HPV infection; panel C - age-specific prevalence of multiple HPV infections.

Table 2. Association of HR-HPV infection and abnormal cervi-

cal cytology.

Outcomes of HPV detection, N (%) p value

N =109 N = 68
HPV HPV
positive negative p Single Multiple p

Cytology ~ 68/109 41/109  Value  49/68 19/68  Value
results (62.4%) (37.6%)  .001  (72.1%) (27.9%)  .001
LSIL 54 (79.4%) 35 (85.4%) 43 (87.8%) 5 (26.3%)
HSIL 14 (20.6%) 1 (2.4%) 6 (12.2%) 14 (73.7%)
Total 68 (100%) 41 (100%) 49 (100%) 19 (100%)

Table 3. Prevalence of HPV types stratified by the cervical
cytology result.

Cytology result type

HR-HPV

genotypes LSIL, N (%) HSIL, N (%)  Total, N (%) p Value
HPV16 24 (77.4%) 7 (22.6%) 31 (100%) .04
HPV18 10 (58.8%) 7 (41.2%) 17 (100%) .0001
HPV31 - 2 (100%) 2 (100%) .02
HPV33 10 (100%) - 10 (100%) .01
HPV35 1 (100%) - 1 (100%) 1.00
HPV39 4 (100%) - 4 (100%) 1.00
HPV45 2 (100%) - 2 (100%) 1.00
HPV51 5 (100%) - 5 (100%) 32
HPV52 2 (33.3%) 4 (66.7%) 6 (100%) .0001
HPV56 1 (33.3%) 2 (66.7%) 3 (100%) .09
HPV58 6 (100%) - 6 (100%) .08
HPV59 2 (100%) - 2 (100%) .08
Total 67 22 89

As shown in Table 2, among women with abnormal
cytology and HPV infection (N = 68), 72.1% of the par-
ticipants had a single infection. The majority of women
with LSIL (87.8%) had a single HPV infection type, and
only 26.3% had multiple HPV types. In contrast, most
women with HSIL were infected with multiple HPV
types (73.7%, p = .02).

Prevalence of HPV types stratified by the cervical
cytology result

HPV16, HPV18, HPV31, HPV33 and HPV52HR-HPV gen-
otypes were found to be statistically significantly asso-
ciated with the cytology result (p < .05, Table 3).
Among patients with LSIL, 77.4% had HPV16 and

58.8% were infected with HPV18. Among patients with
HSIL, 41.2% had HPV18 and 22.6% - HPV16. Only two
women were both HPV31 positive and HSIL status
(Table 3).

Discussion

Despite the World Health Organization’s and the local
healthcare system’s efforts, the implementation of cer-
vical cancer screening, and HPV vaccination programs
[12,23], cervical cancer remains a serious health issue
for clinical medicine and the public health sector
worldwide [1,26]. Persistent HR-HPV infection has been
ultimately linked to the development of cervical can-
cer [9]. Studies report that HPV16 induces more than
50% of cervical cancers, HPV16 and 18 together lead
to over 70% of cases, and the other known HR-HPV
types contribute to around 25% of cases, making
together 95% of cervical cancer cases associated with
HR-HPVs [26,27]. Even though there is a national cervi-
cal cancer screening program implemented in
Kazakhstan [5,28], cervical cancer incidence increased
over the past decade in the country [6]. Since the
prevalence of HR-HPV types has never been investi-
gated among Kazakhstani women with premalignant
cervical lesions, the aim of this study was to identify
the prevalence and distribution of HR-HPV types
among women with abnormal cervical cytology.

In many studies, women’s age has been reported to
have a significant impact on the HPV prevalence
[19,20,26,29]. In this study, HR-HPV types were the
most prevalent among reproductive-age women (18-
35), and the prevalence decreased in older age groups,
which is comparable with other similar studies
[19,26,30].

In the current investigation, abnormal cervical cytol-
ogy was identified in one-third of the study partici-
pants, with a prevalence of HSIL of almost 14%. This
indicator is lower than in a similar Kazakhstani study
[15], where HSIL was found in 19% of women. However,
the study that was referred for comparison [15],



reported the results of a tertiary-care hospital with the
expected higher rate of severe cases. Moreover, con-
trary to our research, the study by Imankulova et al.
did not report results of the participants’ HPV sta-
tus [15].

The prevalence and distribution of HR-HPV types
vary in different populations. In this study, 62.4% of
women with abnormal cervical cytology were infected
with either single or multiple HR-HPV types, which is
higher than the prevalence among Turkish and
Mongolian populations [26,30]. The results of the pres-
ent study demonstrated that HPV16, HPV18, HPV31,
HPV33 and HPV52 were the five most prevalent types
in this study population. These findings are in line
with similar research among Russian [31], Turkish
[26,32] and Mongolian [30] populations where HPV16,
HPV6, HPV45, HPV18, HPV53, HPV33 and HPV31 were
the most prevalent types among women with abnor-
mal cervical cytology.

In the present study, 27.9% of women with abnor-
mal cervical cytology were found to be infected with
multiple HR-HPV types, which increases the risk of pre-
malignant cervical lesion development. This rate is
lower than in the compared Turkish study where 35.9%
of women were positive for multiple HPV types [26].
Notably, in our investigation, most women with LSIL
had a single HR-HPV type, while the majority of
women with HSIL were infected with multiple HPV
types. This finding definitively supports the association
of HR-HPV with cervical malignancy as exposure to
many types of HR-HPV resulted in HSIL.

Study strengths and limitations

To our knowledge, this is the first study in Kazakhstan
investigating the HR-HPV prevalence among women
with abnormal cervical cytology. Unlike the previous
studies conducted in Kazakhstan [7,15], where only
cervical lesion prevalence was reported, this study
linked abnormal cervical cytology with the HPV status
of the participants. The study findings are likely to be
generalizable to women in Kazakhstan since partici-
pants from diverse regions of the country were
included in the study. Furthermore, understanding the
HR-HPV infection prevalence among women with pre-
malignant cervical lesions will not only aid in selecting
the appropriate HPV vaccine but also support the
implementation of the HPV vaccination program.
Another strength is the fact that this study utilizes a
cross-sectional study design, which is appropriate for
investigating the prevalence of HR-HPV and other HPV
types. Nevertheless, several limitations should be taken
into account, namely, a relatively small study sample
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was used that may contribute to a decreased precision
of the estimates; the unavailability of the participants’
past medical history and parity history, and the
absence of data on Pap-test results after appropriate
management of cervical lesions. Besides, a conve-
nience sampling method was used, which may intro-
duce bias as opposed to random sampling. Further
studies on the prevalence of HR-HPV and precancer-
ous cervical lesions should include a larger random
sample size to increase the data reliability. Moreover, it
would be useful to investigate HR-HPV prevalence
among patients with impaired immune response (e.g.
HIV, diabetes mellitus, or prolonged corticosteroid
treatment).

Conclusions

Cervical cancer is one of the preventable malignancies
in the vast majority of women. Since the causal rela-
tionship between HPV infection and cervical cancer
has been established, screening for HR-HPV is an
important public health strategy in women with abnor-
mal cervical cytology. Given the high prevalence of
HR-HPV types among Kazakhstani women with abnor-
mal cervical cytology and the distribution of HR-HPV
types 16, 18, 31, 33, and 52, the implementation of an
HPV vaccination program is of great importance.
Considering the commonly identified HR-HPV types
(16, 18, 31, 33, and 52), Gardasil-9 would be the most
appropriate vaccine for immunization of Kazakhstani
women. If implemented, vaccination could help to pre-
vent the majority of LSIL and HSIL cases. Strict
follow-up and appropriate guideline-based manage-
ment are quite important for women with abnormal

cytology.
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