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Ihmisen papilloomavirukset (HPV) ovat pienid DNA-viruksia, jotka jaetaan niiden periman eroavaisuuk-
sien perusteella genotyyppeihin. HPV genotyyppien onkogeeninen potentiaali jakaa genotyypit edelleen kor-
kean- ja matalan riskin genotyyppeihin. Tata jaottelua hydédynnetaan ladketieteessa osana kohdunkaulan
syovan seulontaa, silld kohdunkaulan syépatapauksista 99.7 % liittyy krooniseen korkean riskin HPV infekti-
oon. Nykyinen seulontaohjelma perustuu ensisijaisesti korkean riskin HPV testiin, joka tunnistaa yksittain
HPV16 ja HPV18 genotyypit seka yhdistettyna 12 muuta korkean riskin tyyppia.

Kohdunkaulan sydpaa torjutaan seulonnan lisaksi rokotteiden avulla. Rokotteet ovat paaasiallisesti suun-
niteltu torjumaan HPV genotyyppeja 16 ja 18. Taten HPV genotyyppien 16 ja 18 odotetaan vahenevan mer-
kittavasti populaatiossa rokotekattavuuden noustessa. Tampereen Yliopiston “Improving cervical cancer rou-
tine screening” (ICARUS) -tutkimus pyrkii selvittdmaan, mitkd muut genotyypit kuin HPV16 ja HPV18 esiin-
tyvat kohdunkaulan sydvissa, ja voiko laajempi genotyyppien tunnistus olla hyédyllinen seulontaohjelmassa.
Taman kandidaatintutkielman tarkoituksena on tehda analyysi ICARUS tutkimusaineiston luotettavuudesta.

ICARUS tutkimus hydédyntaa Tampereen alueen seulontanaytteita vuosilta 2017-2021 (n= ~4 500). Nayt-
teet on analysoitu rutiiniseulonnan yhteydessa joko Abbott RealTime High Risk (HR) HPV testilla tai Roche
Cobas 8800 HPV testilla. Vuoden 2022—-2023 aikana seulontandytteet on analysoitu uudelleen AnyplexTM
Il PCR Systemin HPV testilla, joka poiketen rutiiniseulonnan testeista tunnistaa 28 yksittaista HPV genotyyp-
pid. Tassa tutkielmassa seulontanaytteiden joukosta on valittu satunnaisesti 100 naytettd vuodelta 2017,
seka 100 naytettad vuodelta 2021 (N= 200). Tutkielmassa vertaillaan AnyplexTM Il PCR Systemin HPV testin
genotyyppituloksia alkuperaisiin seulontatuloksiin McNemarin tilastollisen testin avulla.

Tilastollisen analyysin mukaan AnyplexTM Il PCR Systemin HPV testin genotyyppitulokset ovat yhte-
nevaisia alkuperaisten seulontatutkimusten tuloksien kanssa, kun negatiivisen tuloksen antaneet naytteet
rajataan tutkimusaineiston ulkopuolelle. Tutkimus osoitti myods, etta negatiiviset naytteet olivat painottuneet
vuoden 2021 naytteisiin. Vuoden 2021 naytteiden heikompaan laatuun vaikutti todenndkdisimmin naytteiden
sailytys huoneenlamma@ssa yli valmistajan ohjeistaman ajan, seka nestesytologisen naytteen kayttdonotto.
Vuoden 2021 naytteista saatujen tulosten heikkous ei kuitenkaan ndy merkittavasti tutkimusaineistossa, silla
negatiivisten naytteiden suhteellinen osuus oli pieni.

Avainsanat: ihmisen papilloomavirus, HPV, kohdunkaulan sy6pa, genotyypitys, kohdunkaulan syévan seu-
lonta, ICARUS-tutkimus
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ABSTRACT

Katariina Helasmaki: Human papillomavirus genotyping assay comparisons in cervical cancer
screening: a pilot study for material congruency.

Bachelor’s Thesis

Tampere University

Biotechnology and Biomedical Engineering
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Human papillomaviruses (HPV) are small DNA-viruses, which are divided into different HPV genotypes
based on their genomic variations. Based on HPV genotype’s oncogenicity, HPV genotypes are further on
divided into high- and low-risk genotypes. This division is utilized in cervical cancer screening programs, as
persistent high-risk HPV infection is behind the development of the disease in 99.7% of cases. The current
screening program is implemented via primary high-risk HPV testing, which recognize HPV16 and HPV18
genotypes separately and other pooled 12 high-risk HPV genotypes.

In addition to screening programs, cervical cancer prevention is complemented by vaccines. These vac-
cines are mainly directed to act against HPV16 and HPV18 infections. Thus, increasing vaccine coverage is
assumed to decrease prevalence of HPV types 16 and 18 among the population. At Tampere University the
Improving cervical cancer routine screening (ICARUS) -study aims to explore the use of extended HPV gen-
otype knowledge in the cervical cancer screening program. The aim of this Bachelor's Thesis is to perform
a reliability analysis of the ICARUS-data.

The ICARUS study utilizes routine cervical cancer screening samples from the years 2017-2021 (n=
~4 500) from Tampere and its municipalities. During the routine screening, samples are analyzed with Abbott
RealTime High Risk (HR) HPV test or with Roche Cobas 8800 HPV test. In the years 2022-2023 samples
are reanalyzed with AnyplexTM Il PCR Systemin HPV test, which by contrast to primary screening tests,
recognize 28 different HPV genotypes separately. In this Bachelor's Thesis there is randomly selected 100
samples from the year 2017 routine screening and other 100 samples from the year 2021 routine screening
(N= 200). Congruency between the AnyplexTM Il PCR Systemin genotype results and the cervical cancer
screening results is compared with McNemar's test.

According to this study, AnyplexTM Il PCR Systemin genotype results are congruent with original screen-
ing results, when negative test results are excluded from the study material. In addition, the study indicates
that most of the negative test results originated in samples from the year 2021. Weaker results of the 2021
samples are most likely due to preservation in room temperature against to the manufacturer's instructions
and the introduction of liquid-based cytology. Although, when comparing to whole study population, the num-
ber of the negative samples is relatively small, and they don’t affect on research material significantly.

Key words: human papillomavirus, HPV, cervical cancer, genotyping, cervical cancer screening, ICARUS -
study
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1. INTRODUCTION

1.1 Human papilloma virus (HPV)

Human Papilloma Virus (HPV) is a non-enveloped virus, which comprise double-stranded DNA
(Radosevich, 2012). The genome is constructed from six early genes E1, E2, E4, E5, E6 and E7
and two late capsid genes L1 and L2 (Radosevich, 2012). Early genes E6 and E7 are known as
oncogenes that interfere with cells by inactivation of tumor suppressors p53 and retinoblastoma
protein (pRb), respectively and causing uncontrolled cell growth (Longworth and Laimins, 2004;
Radosevich, 2012). HPVs are epitheliotropic viruses that infects the squamous epithelial cells of

the basal layer where it starts its replication cycle (Robertson, 2012).

HPVs are divided into five genera according to their phylogenetic origin: Alpha-, Beta-, Gamma-,
Mu- and Nu-papillomaviruses (Radosevich, 2012). The most prevalent genera in cervix mucosae
infection are Alpha-papillomavirus which is divided into species such as Alpha-1 and Alpha-2 (Ra-
dosevich, 2012; Chan et al., 2019). According to current insight, the most oncogenic HPV specie
is Alpha-9 (Chan et al., 2019).

Within species, HPVs that differ more than 10% on their late genes are classified in HPV genotypes
such as HPV31 and HPV16 (Radosevich, 2012; Chan et al., 2019) There are currently over 200
different HPV genotypes identified (Chan et al., 2019; Tao et al., 2022). A relation between HPV
infection and cancer was first time found in 1970s, when DNA recombinant technology allowed
scientists to study DNA by hybridization (Radosevich, 2012). It did however take years, up to 2008,
after the first discovery to fully understand that persistent HPV is necessary cause of cervical can-
cer and other HPV related cancer development. Currently, the virus is highly associated in the
development of cervical and other anogenital cancers as well as head and neck cancers (Robert-
son, 2012). Furthermore, the scientific community has recently debated whether HPV is associated

with breast cancer (Kudela et al., 2022).

1.2 HPV transmission

According to current insight, genital HPV infection is mostly considered to be transmitted sexually

but also non-sexual transmission routes are possible (Delam et al., 2020; Petca et al., 2020). The



non-sexual models of transmission are vertical transmission between mother and child, transmis-
sion via fomites such us contaminated medical equipment, and non-sexual skin or finger contact
(Petca et al., 2020). Moreover, several behavioral risk factors for the HPV disease outcomes have
been documented. The most common risk factors are multiple sexual partners, debut of sexual
activity at young age, smoking and other untreated sexually transmitted diseases (Delam et al.,
2020; Petca et al., 2020). In addition, obesity, genetic factors and menopause before 43-year-old

could predispose to HPV infections (Delam et al., 2020).

It is estimated that over 80% of woman and men are infected by HPV virus during their lifetime
(Bhatla and Singhal, 2020). However, in most cases HPV infections are spontaneously cleared by
the hosts immune systems within 6-24 months (Longworth and Laimins, 2004; Petca et al., 2020).
Nevertheless, in some cases the HPV infections persist when there is an increased risk of disease

progression.

1.3 HPV and cancer development

HPV infection is mostly asymptomatic, and it requires time from HPV infection to cancer develop-
ment (Gradissimo and Burk, 2017). The average time for HPV infection to progress to cancer is
between 10 to 15 years, ranging between 5 to 25 years (Petca et al., 2020). In molecular level,
cervical cancer development and production of new HPV particles is strongly related to host cell
differentiation process. During differentiation, virus replicates as episomes along with the host ge-
nome, exploiting the cell replication machinery (Robertson, 2012; Chan et al., 2019). When infected
cells are highly differentiated, new virus particles are released and infects more cells (Robertson,
2012). Integration to a host genome and elimination of the viral E2 repressor and remodeling of the
oncogene promoter area cause viral oncogenes E6 and E7 continued expression (Yu et al., 2005).
Further on, prolonged oncogene expression cause inactivation of tumor suppressors, which leads
to a prolonged stimulation of S-phage and cell cycle progression. Due these events and other al-
terations in host molecular mechanism, such as Ras mutations, cells encounter increased mutation
accumulation, which could lead to development of invasive cancer (Yu et al., 2005; Robertson,
2012).

When regarding this molecular process, different HPV types has found to have different oncogenic
potentials. HPV types that cause benign neoplasm are called low-risk HPV types and the carcino-
genic HPV types are called high- risk HPV (hrHPV) types (Yu et al., 2005; Radosevich, 2012).
HrHPV DNA is found in more than 99.7% cervical cancer biopsies (Yu et al., 2005; Chan et al.,
2019) and this hrHPV DNA is found to originated from one or more hrHPV types (Adcock et al.,
2019).



In 2005 International Agency for Research on Cancer (IARC) accomplishment list of different HPV
types related to cervical cancer. According to list, 16 hrHPV types are identified: HPV 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 73, and 82. In addition, IARC identified two probably high-
risk types (HPV26 and 53) and 12 low-risk types (HPV 6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81, and
CP6108). (Berek, 2021) The most common hrHPV types detected in cervical cancer are HPV16
and 18. When count together, nearly 70% of all cervical cancer cases worldwide involve these two
types (Longworth and Laimins, 2004; Bhatla and Singhal, 2020).

Global classification, Bethesda system, of the histological findings helps physicians to distinguish
neoplasms that require direct treatment from those that can be monitored (Burd, 2003; Berek,
2021). Since 2012, HPV-related squamous intraepithelial lesions and early invasive carcinomas
are divided into two categories: low-grade squamous intraepithelial lesions (LSIL) and high-grade
squamous intraepithelial lesions (HSIL) (Berek, 2021) (Figure 1). LSIL covers genital warts and
cervical intraepithelial neoplasia grade 1 (CIN1), which denote mild dysplasia (Chan et al., 2019;
Berek, 2021). Approximately in 70-80% of detected CIN1 cases, cellular changes regress sponta-
neously without treatments (Chan et al., 2019). HSIL covers cervical intraepithelial neoplasia grade
2 (CIN2) and cervical intraepithelial neoplasia grade 3 (CIN3) (Berek, 2021). CIN2 denotes mod-
erate dysplasia and CIN3 severe dysplasia and carcinoma in situ (Berek, 2021). Precancerous
cervical intraepithelial lesions (CIN3) can by time progress to invasive carcinoma (Chan et al.,
2019).
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Figure 1. Progression of cervical cancer through cellular changes. After primary infection,
cervical cancer development requires time. For proper clinical management of the patient, cel-
lular changes due HPV infection are classified to negative for intraepithelial lesions or malig-
nancy (NILM), low-grade squamous intraepithelial lesions (LSIL) and high-grade squamous in-
traepithelial lesions (HSIL) and Cancer. In most cases, HPV infection is cleared by the host
immune system.

1.4 Cervical cancer screening

The main way to prevent cervical cancer is screening programs, where abnormal changes are
detected at an early stage. The screening programs and early detection has reduced deaths due
cervical cancer 60% since 1950s in United States (Kitchen and Cox, 2022) and similar results have
been seen in Finland since the 1960s. Nowadays, it has been estimated, that 250 deaths per year

in Finland is avoided via current screening program (https://cancerregistry.fi/screening/cervical-

cancer-screening/; 31.3.2023) However, cervical cancer still remains in the fourth most common

cancer among women worldwide (Zarankiewicz et al., 2020) and in 2018, cervical cancer caused
311,365 deaths in worldwide (Song et al., 2022). Majority of these cases are recorded in the low-
middle income countries, where the HPV disease burden is the highest and, in most of these coun-

tries, no national screening programs exist.

The first cervical cancer screening programs from the 1950s were implemented with pap cytology.

Pap cytology is based on cervical smears visual inspection by microscope (Kitchen and Cox, 2022).


https://cancerregistry.fi/screening/cervical-cancer-screening/
https://cancerregistry.fi/screening/cervical-cancer-screening/

When HPV infection was found to be necessary for the development of cervical cancer, FDA ap-
proved hrHPV DNA testing for cervical cancer primary screening in 2014, alongside the pap cytol-
ogy (Felix et al., 2016). In Finland, all women in the age group of 30-65 are invited in screening

every five years (https://www.kaypahoito.fi/lhoi50049; 20.12.2022), because cervical cancer is most

common among 35-50-year-old woman (Zarankiewicz et al., 2020). Currently screening is imple-
mented via HPV primary testing followed by pap cytology on those women with positive hrHPV test
(Nieminen and Auranen, 2022). After positive hrHPV test and abnormal pap cytology results,
women with mild cytological finding can be retested while with more severe lesions are referred to
straight to colposcopy. In colposcopy, the cervix is evaluated under a microscopic view and punch
biopsies can be taken to confirm the cervical histology (Burd, 2003). In Finland, approximately 1%
of screening results are directly referred to colposcopy and approximately 5% need for follow up
tests before 5 year screening cycle (https://cancerregistry.fi/screening/cervical-cancer-screening/;
31.3.2023).

1.5 High-risk HPV tests

HrHPV testing in the primary cervical cancer screening program has improved screening due to its
high sensitivity (96.1%) compared to conventional pap cytology (53.0%) (Gradissimo and Burk,
2017; Bhatla and Singhal, 2020). With hrHPV testing, women with cervical lesions are more likely
to be detected (Bukowski et al., 2022). However, due to its low specificity (90.7%) when regarding
HSIL findings and compared to conventional pap cytology (96.3%), HPV testing is done as a co-
testing with pap cytology for hrHPV positive women (Gradissimo and Burk, 2017; Bhatla and
Singhal, 2020).

Most of the current clinical hrHPV tests report pooled detection of any hrHPV and HPV16/18 gen-
otypes separately to guide clinical management (Bukowski et al., 2022). Nevertheless, associations
between non-16/18 hrHPV types and different risk levels to developed HSIL have been discovered
(Adcock et al., 2019), but not well identified (Bukowski et al., 2022). Prediction of cervical disease
development based on knowledge of precise HPV genotype has been suggested to reduce unnec-
essary colposcopies and overtreatment (Tao et al., 2022). Furthermore, significance of viral load

and multiplicity of HPV genotypes remains unclear without consistent results (Adcock et al., 2019).

1.6 HPV vaccines

Another way to prevent HPV related cervical cancer is via primary prevention by HPV vaccines.
There are three commercially available HPV vaccines named by Cervarix, Gardasil and Gardasil
9. Gardasil 9 acts against HPV6, 11, 16, 18, 31, 33, 45, 52 and 58 infections, when Gardasil prevent
HPVG6, 11, 16 and 18 infections, and Cervarix HPV16 and 18 infections (Chan et al., 2019; Cheng,
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Wang and Du, 2020). Although vaccination is expected to reduce cervical cancer cases, there is
still limitations in vaccination programs such as availability in low-income countries, requirement of
given before prior exposure in sexual intercourse and ethical issues around targeting age (Chan et
al., 2019; Cheng, Wang and Du, 2020). Furthermore, the currently available vaccines do not cover

all HPV types suspected to induce cervical cancer progression (Cheng, Wang and Du, 2020).

2. AIMS OF THE STUDY

Improving cervical cancer routine screening (ICARUS) -study is conducted at Tampere University
Hospital. One of the core ideas of ICARUS is to investigate whether the exact knowledge of HPV
genotype could provide more precise management for patients with HPV infection. Samples for the
study have been collected as a part of Finland's routine cervical cancer screening program in the
years 2017-2021.

In cervical cancer routine screening, samples are analyzed with Abbott RealTime High Risk (HR)
HPV assay or with Roche Cobas 8800 HPV test, which both recognize separately only HPV types
16/18, and other pooled 12 hrHPV types. Samples with positive primary HPV test are selected to
a second analyzation round with AnyplexTM Il PCR Systemin, which recognize up to 28 different
HPV genotypes separately. This study examines the preliminary differences between the results

of the primary screening and AnyplexTM Il PCR Systemin test.

3. MATERIAL AND METHODS

3.1 Samples and Study population

Samples for the Improving cervical cancer routine screening (ICARUS) -study is collected in part
of the woman routine cervical cancer screening program during the years 2017 to 2021 in the city
of Tampere and its five surrounding municipalities: Kangasala, Lempaala, Nokia, Pirkkala and
Ylojarvi. From each year, approximately sample size was 1000. This preliminary study utilizes ran-
domly selected 200 screening samples from the year 2017 (n=100) and from the year 2021
(n=700). Women in this study are between 30-65 years old.



Currently in Tampere and its municipalities, routine cervical cancer screening interval is every 5
years. Screening is implemented with hrHPV test. Positive hrHPV tested samples are further ex-
amined by pap cytology. If pap cytology is LSIL (Figure 1) or worse, women are referred to col-
poscopy. Otherwise, woman with positive hrHPV tests but without abnormal cytological changes
are invited for re-testing in 12-24 months. If the woman is negative for hrHPV in the control test,
she is returned to the routine screening in every five years cycle. If the sample remains positive,

the patient is referred to colposcopy.

This study cohort includes only patients with positive hrHPV tests from primary screening test. The
data was collected in collaboration with public owned service provider Fimlab Laboratories Ltd.
Samples are analyzed at Fimlab central laboratory with hrHPV routine tests and later with extended
HPV test. Results from the samples are saved in data server of Pirkanmaa hospital district
(LOKERO).

Permission for the use of human origin data collection and this study protocol was given by Pir-
kanmaa Hospital District Ethical Review Board (ETL R13094/31.3.2021) and FIMEA
(FIMEA/2021/007586).

3.2 Laboratory techniques

Original cervical scrapings for hrHPV testing were collected from cervicovaginal epithelium with the
cervix brush by trained nursing staff. Collection method, storing temperatures and storage solutions
varies between the study years. In the year 2017, collection was implemented according to con-
ventional pap smear procedure combined with separate hrHPV test (co-testing) using Abbot Cervi-
Collect Specimen collection kit and Abbott RealTime High Risk (HR) HPV assay. Abbot Cervi-
Collect Specimen collection kit includes cervical brush and transport tube. Transport tube contains
2.4mL collection buffer from guanidine thiocyanate combined with Tris buffer. After primary analy-
zation over routine screening, remaining sample specimen in the collection buffer is stored in -82

°C freezer.

In the year 2020, Tampere and its municipalities moved on to use liquid-based-cytology (LBC)
technique. Thus, samples from 2021 are analyzed with LBC method. Collection by LBC technique
is implemented according to Hologicin PreservCyt Solution method (https://www.ho-
logic.com/file/108791/download?token=QFNrHYyr; 17.3.2023), with Roche Cobas 8800 HPV test.

ThinPrep® PreservCyt Solution is methanol-based transport solution for sample specimen. After

primary analyzation, remaining sample specimens are transferred to a Roche Cobas 8800 second-
ary tubes within methanol-based (35-55%) transportation solution and stored in room temperature
for 2-3 months. At the end, samples from 2021 were also transferred to -82 °C freezers at Fimlab

Laboratories Ltd.
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In practice, conventional pap smear differs from LBC collection when regarding how the pap cytol-
ogy is done. According to conventional pap smear, the collected smears are spread in glass slide
for pap cytology (Hashmi et al., 2020). Within co-testing procedure, scraps for hrHPV testing are
taken separately to a collection buffer. Within LBC method, sample is taken once with cervical
brush and smears are directly rinsed in preservation vial, without spreading it on the glass slide. In
case of positive hrHPV test, material for visual inspection could be processed by automated ma-

chine called thin-prep-processor, which replacing conventional glass slides (Hashmi et al., 2020).

3.2.1 Abbott RealTime and Roche Cobas 8800 HPV assay

In 2017, Fimlab utilize Abbot RealTime High Rick (HR) HPV assay for hrHPV screening. In 2021,
Fimlab starting to utilize Roche Cobas 8800 HPV assay due to transition for LBC technology. Both
assays are based on automatized qualitative in vitro polymerase chain reaction (PCR) method,
which executes pooled detection for hrHPV types: HPV18 and HPV16 are recognized separately
and other 12 types pooled. The pooled genotypes are 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and
68. To determine the sequences of listed HPV types above, tests use primers that attach on the

open reading frame of the late capsid gene (L1) of the HPV virus genome.

The assays are implemented according to manufacturer’s instructions and with manufacturers re-
agents. In addition, human beta globulin is used as an inner control to distinguish samples with true

negative to samples with false negatives for sample low cell mass.

The assays differ, when considering collection kits liquid and manufacturers information for sample
preservation. Abbot Cervi-Collection Specimen collection kit is instructed to stored maximum 14
days at room temperature and for longer preservation (up to 90 days), in -10 °C or lower. ThinPrep®
PreservCyt Solution, which is used with Roche Cobas 8800, is instructed to store in room temper-

ature maximum 6 weeks.

3.2.2 AnyplexTM Il PCR Systemin

In the years 2022-2023 samples that has have positive hrHPV test with the original screening test
were re-tested with AnyplexTM 2 PCR Systemin method. AnyplexTM Il PCR Systemin is quantita-
tive in vitro test that detects 28 different HPV genotypes separately, from LBC or cervical swab
specimen. Anyplex TM 2 PCR Systemin detects both the high-risk and the low -risk HPV types.
The amount of identified hrHPV genotypes is 19 (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68, 26, 53, 69, 73, 82) and the number of low-risk types is 9 (6, 11, 40, 42, 43, 44, 54, 61, 70).

Genotypes are first segregated and wash by Seegene STARIet from other material than genes.
This process is completed by STARMag 96 X 4 Universal Cartridge Kit and STARMag 96 X 4 Viral
DNA/RNA 200 C Kit. Further on, the washed genotypes are analyzed on Seegene PCR machine



by AnyplexTM Il PCR Systemin. As in a primary screening, the analyzation method is based on
probes attachment and PCR. Human house-keeping gene is used as inner control, to ensure

proper DNA extraction and to avoid misleading results for specimen’s low cell mass.

The appropriate number of samples is eighty-eight for each analyzation run. The runs are marked
with these ordinals, to distinguish runs for quality comparison. Ordinal is added to the datafiles

within the genotype results.

3.3 Statistical analysis

This study contains results from 200 observations divided into 66 variables (N=200). The observa-
tions have been randomly selected from around 2000 samples. As a result, this study includes
100 observations from the year 2017 screening. Half of these are originated in Anyplex TM 2 Sys-
temin run one (1/2017) and another half from run two (2/2017). Other 100 observations are origi-
nated from the year 2021 screening. From these, half of the observations are selected from Anyplex
TM 2 Systemin run one (1/2022) and another half from run five (5/2022).

The data involves primary screening results and AnyplexTM 2 Systemin screening results for all
observations. In addition, the data contain variables for patient's overall disease status according
to AnyplexTM 2 Systemin test, sample year, serie numbers of AnyplexTM 2 Systemin runs, and
numbers of multiple infections in one patient. In the statistical analyzation, the patients were

grouped according to the year of the sampling.

All variables are handled as a categorial variables. For each observation, detected genotypes are
marked by number one under the certain genotype (1=yes). No detected genotypes are marked by
number zero (0=no). From AnyplexTM 2 Systemin results the number of the detected genotypes
are scored under one variable. Requirement for the involvement of the research is positive primary
HPV test. Hence, when considering status-variable, all observations within primary HPV test have
value one (1= disease), when AnyplexTM 2 Systemin can have value one (1= disease), or zero

(0= no disease).

In primary screening, pooled detection has results one (1=yes), when primary HPV test detects at
least one other HPV genotype than HPV16 or HPV18. When only HPV16/18 are present, variable
gain value zero (0=no). To compare this variable to the results of the AnyplexTM 2 Systemin, there
is formed equivalent variable from AnyplexTM Systemin results. This variable has value one (1=
yes), when Anyplex has detected more genotypes than just HPV16 or HPV18. Genotypes could
be same as in primary pooled detection, or genotypes that only AnyplexTM 2 Systemin detects.
Hence, there could be situation, where among the same samples AnyplexTM 2 Systemin gives

value one (1= yes) and primary screening value zero (0= no) for variable “other HPV genotypes”.
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The aim of the statistical analysis is to implement comparisons between results of the primary
screening and AnyplexTM 2 Systemin, to ensure Anyplex's results reliability. The subjects for the
comparison are HPV16 results, HPV18 results and detected other HPV genotypes pooled. The null

hypothesis for the statistical tests is the number of observations in variable one is equal with those

in variable two (HO = TT1=TT12).

Because the data contains only categorial variables, the statistical tests are implemented with
McNemars tests for nominal paired data. At the beginning of the statistical analysis, variables are
split by the year and genotype results between the observations (N=200) have been compared.
Furthermore, the tests are reimplemented when observations with negative AnyplesTM 2 Systemin
disease status (O=invalid/negative) are excluded to determine whether the possible differences are
only due to completely negative test results. The tests are performed with statistical software
STATA (STATA/SE17.1, Stata Corp., College Station, TX, USA). In this study, all results were two-

sided and the alpha level for statistical significance is p < 0.05.

4. RESULTS

First, we compared the HPV genotypes prevalence between the original screening test and Any-
plex test. Samples with negative Anyplex HPV test status were excluded from these fist evalua-
tions. Overall, the results between detected HPV16 and HPV18 genotypes by years are relatively
similar, yet there is light non-significant variation from 0 to 2 between the tests (Figure 2). Evidence
of significant difference is seen, when observing detection of the other HPV genotypes, in which
Anyplex detects much higher amount, range 73 to 81 HPV positive samples compared to the orig-
inal positivity range of 69 to 74, respectively (2017: p=0.0082, 2021: p=0.0455).
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Figure 2. Detected HPV genotype frequencies with the original and Anyplex HPV testing.
Bar graph presents results from the original cervical cancer screening HPV test (first row) and
AnyplexTM 2 Systemin test (second row). Examined results are for HPV16, HPV18 and all
other HPV types detected, that are observed as pooled. Only observation with positive test
status from Anyplex test are included (n= 179). In addition, results are divided by the year of
sampling.

After overall finding by years, we stratified the results according to the different runs in the labora-
tory (Figure 3). Among these we could detect variation from 0 to 1 between the HPV16 and HPV18
genotypes prevalence. When observing detection of the other HPV genotypes, evidence of signif-
icance recedes. Anyplex now detects range 35 to 43 HPV positive samples compared to the origi-

nal positivity range of 33 to 39, respectively.
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Figure 3. Detected HPV genotype frequencies by individual laboratory run. Bar graph
presents results from the original cervical cancer screening HPV test (first row) and AnyplexTM
2 Systemin test (second row). Examined results are for HPV16, HPV18 and all other HPV types
detected, that are observed as pooled. Only observation with positive test status from Anyplex
test are included (n= 179). In addition, results are divided by the sampling year and AnyplexTM

2 Systemin run.

The results above exclude samples that had HPV genotype positive results in the original screening
testing round, but negative Anyplex test when retested during last year. From all 200 observations,
the number of overall negative test results with Anyplex was 21 cases. In 2021 Anyplex showed 15
negative test status out of 100 observations and in 2017 Anyplex showed 6 negative test status
out of 100 observations (Table 1). In all, 71.43 % from all negative results are originated from 2021

samples.
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Table 1. Negative and positive test statuses according to AnyplexTM2 Systemin test.
AnyplexTM 2 Systemin test detects genotypes from samples and report them individually. In
some cases, AnyplexTM 2 Systemin could not find any genotypes among the samples even if
the original screening test had observed this an HPV positive. Status is then reported as neg-
ative. This table illustrates frequency distributions of negative and positive status of AnyplexTM
2 Systemin test, among the samples from year 2017 and 2021. Percentages are included with
respect to a total number of each status.

Anyplex status
year negative positive Total
2017 6 94 100
28.57 52.51 50.00
2021 15 85 100
71.43 47 .49 50.00
Total 21 179 200
100.00 100.00 100.00

If we would include negative samples to the data, the results are misleading (Figure 4). Unlike
before, from samples originated from 2021, Anyplex testing was less likely to detect HPV16 geno-
type, when comparing to original cervical cancer screening test. Only 18 cases of HPV16 were
detected in 2021 compared to the 29 cases with the original HPV testing (p=0.0009). Same was
seen with HPV18, where Roche Cobas test found 10 HPV18 positive cases compared to the 3 with
Anyplex (p=0.0082). For other HPV genotypes and the 2017 samples, comparisons show no evi-

dence of significant difference.
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Figure 4. Detected genotypes frequencies from the whole study population. Bar graph
presents results from the original cervical cancer screening HPV test (first row) and AnyplexTM
2 Systemin test (second row). Examined results are for HPV16, HPV18 and all other types
detected, that are observed as pooled. The number of observations is two hundred (N=200). In
addition, results are divided by the year of sampling.

5. DISCUSSION

Implementing extended HPV genotyping for cervical cancer screening remains as notable question
and there is a great need to explore this option in Finland as the HPV vaccinated women are en-
tering the current screening program. For this study we re-used the original HPV positive screening
samples from 2017 and 2021 to see how well the extended HPV genotyping picks up the HPV
types seen originally. Based on the results, when samples with negative results were excluded,
statistical test appearing as assumed; original screening and Anyplex are statistically congruent
when considering the detection of HPV16 genotype and HPV18 genotype and they are not con-
gruent, when considering other HPV genotypes. When regarding other HPV genotypes, Anyplex

detects a higher number of different HPV genotypes compared to the original screening test. As a
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disadvantage, the exclusion of negative samples decreasing study population size, but even
though itis not decreasing the material reliability. Reliability stays high because instead of dissimilar
genotypes results, Anyplex gives completely negative results. Thus, when Anyplex give results,

they are most likely the same as in primary screening.

Nevertheless, a very small diversity to the results could be seen with samples from 2021 even
when negative samples were excluded. Anyplex missed 2 samples of HPV16 or HPV18 genotype
detection (Figure 1). However, number of missed detections are not statistically significant. In ad-
dition, when dividing detection frequencies according to runs, frequencies even out and now differ-
ence between HPV16/18 detection is only one missed genotype per run (Figure 2). When consid-
ering upcoming ICARUS study, sample size will be much larger, and significance of missed geno-

types decreases accordingly.

Missed genotypes can arise from several error sources such as human error or volume of the
genomic material. Human error could appear for example when implementing the analysis in la-
boratory by hands or when collecting and combine datafiles into an analyzable data matrix. Rea-
sons for low volume of sampling material could be raise from several sources, which are discussed

later when considering the negative samples.

Variation between other detected HPV genotypes was expected due to the original screening tests
detects much fewer genotypes (12) compared to the AnyplexTM 2 Systemin (26). In the 2017 sam-
ples, Anyplex was able to detect 7 times more HPV genotypes, compared to primary screening
tests. In the 2021 samples, the corresponding number was 4. The higher number of genotypes
detected by Anyplex was expected, when AnyplexTM Systemin recognizes all genotypes that are
recognized by the primary screening (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68) but also
genotypes that does not occur in primary screening. The genotypes that are only detected by An-
yplex are HPV26, 53, 69, 73, and 82 (high-risk types) and HPVG6, 11, 40, 42, 43, 44, 54, 61, and 70
(low-risk types).

Although the data’s reliability is admitted to being satisfactory, significant difference could be seen,
when inspecting origin of the negative statuses. Two thirds of the negative results are originated in
the samples from 2021, when only one thirds are originated from the samples in 2017 (Table 1).
Reason for this was in PCR machine could not detect viral DNA in the 2021 samples as often as
in the 2017 samples. Initial assumption was the opposite, because long storage time is a possible
factor for weaker integrity of DNA, and between those years, storing time differs by 4 years. When
considering reason for this finding, several differences between those years could be raised up.
Firstly, samples are collected and analyzed with different collection method; in 2021 within LBC
method and in 2017 within conventional pap cytology method. Secondly, the preservation vial is

different between the years, as well as the storing temperatures.
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It is possible that the LBC method leaves less material behind for the storage and further analysis.
Reason for this assumption is that the LBC technique is based on a single sample with two objec-
tives: for hrHPV testing and for visual inspection of the cells. In controversary, the samples from
2017 are originated from hrHPV test, which was separately taken from patient’s pap cytology. How-
ever, there is studies that challenge this view. According to Fuijii et al. LBC technology with
PreservCyt Solution working impeccable in genotype preservation for later use, when comparing
to conventional pap cytology (Fuijii et al., 2016). However, some differences might also rise in num-
ber of cervical cells obtained due to the persons collecting the samples or from human errors in

laboratory.

In addition to LBC method and human errors, low sample material may be due to invalid test results
from PCR detection during original screening. According to manufacturer’s instructions, invalid re-
sults are originated from samples with weak inner control signal. Inner control is used for detecting
samples with too low cell mass. Reasons for invalids could be in inadequate specimen collection,
processing, or the sample collection. If PCR machine gives invalid test results, according to labor-

atory protocol, samples are reanalyzed, resulting in increased consumption of the original sample.

Further on, the most important questions regarding genotype stability during the storage is preser-
vation vial and storing temperature. Guanidine thiocyanate combined with Tris buffer was used as
a preservation vial in 2017. These vials have the ability to stop biochemical reactions by deactivat-
ing the nucleases and therefore stabilizing genomic material such as DNA and RNA (Shen, 2019).
In 2021, Methanol preservation vial was used for the same effect; by superseding the water mole-
cules, methanol denaturing proteins that interfere DNA (Fuijii et al., 2016). Insurance of genomic
stability by proper preservation liquid is important for reliable hrHPV testing. Preservation vial pro-
tects sample specimens under short period between sample collection and primary screening im-
plementation, and when they are moved for long-time storage for Anyplex analyzation in 2022-
2023.

It is recommended, that the biological material, such as extracted DNA and cells are preserved at
-20 or -70 C. Likewise chemical compounds of the preservation vial, DNA preservation at low tem-
peratures slows down natural biochemical functions. When preservation is done under -80, these
functions are almost at zero and as a result, changes in DNA structure does not likely occur (Xu,
2011). Nevertheless, decreasing temperature could also do harm to cells such as ice crystal for-
mation and further on, harmful location of these ice crystals (Xu, 2011). One way to reduce this
phenomenon is to use cryoprotectant agents. The basic function of cryoprotectants is to prevent
injuries cause of freezing by dehydrating cells and lowering the freezing point (Desai, Spikings and
Zhang, 2015). According to literature, methanol is mentioned to acting as a cryoprotecting agent
(Desai, Spikings and Zhang, 2015), whereas there is no direct references to cryoprotectant when

considering Guanidine thiocyanate Tris-buffer solution. In freezing protocol, Guanidine thiocyanate
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Tris-buffer solution buffer has still its advantages; Tris is added in preservation vial for to keep liquid

environment nonacidic, preventing DNA degrading due acidic conditions (https://www.qi-

agen.com/us/knowledge-and-support/knowledge-hub/bench-quide/dna/handling-dna/storage-of-
dna; 4.4.2023)

According to literature review, both solutions have their strengths and direct comparable differ-
ences does not occur. This notice conducts to considering different storing temperatures between
the samples. According to manufacturer’s instruction, samples in methanol-based preservation vial
from the year 2021 could be stored in room temperature maximum 6 weeks. Samples in our study
were stored in room temperature approximately 2-3 months, which exceed the recommendations.
Too long period in room temperature, could lead genotypes dissolution and thus genotypes are
unreachable for present PCR analyzation. Samples from the year 2017 were preserved directly in

freezers, without a period in room temperature.

6. CONCLUSION

According to our evaluations, AnyplexTM 2 Systemin HPV test gives congruent genotype results
with the original cervical cancer screening testing with the addition to several other HPV genotypes
detectable only with Anyplex. However, some originally HPV positive samples appear to be com-
pletely Anyplex negative, and they occur more with the samples from 2021. When considering
these negative test results with the Anyplex test, these are most likely due to lengthy preservation
in room temperature, which allows fragile DNA to degrade or low volume of the sample material for
PCR detection due human error or the implemented LBC method for pap cytology. Overall, the
sample comparison is adequate, and we can with confident carry on the further extended HPV

genotyping with the ICARUS study to improve the cervical cancer screening protocol.

7. REFERENCES

Adcock, R. et al. (2019) ‘Role of HPV Genotype, Multiple Infections, and Viral Load on the Risk of High-
Grade Cervical Neoplasia’, Cancer epidemiology, biomarkers & prevention, 28(11), pp. 1816—1824. Availa-
ble at: https://doi.org/10.1158/1055-9965.EPI-19-0239.

Berek, J.S. (2021) ‘Chapter 9: Cervical Cancer ‘, Berek & Hacker’s gynecologic oncology. Seventh edition.
pp. 599-720 Philadelphia, Pennsylvania: Wolters Kluwer.


https://www.qiagen.com/us/knowledge-and-support/knowledge-hub/bench-guide/dna/handling-dna/storage-of-dna
https://www.qiagen.com/us/knowledge-and-support/knowledge-hub/bench-guide/dna/handling-dna/storage-of-dna
https://www.qiagen.com/us/knowledge-and-support/knowledge-hub/bench-guide/dna/handling-dna/storage-of-dna
https://doi.org/10.1158/1055-9965.EPI-19-0239

18

Bhatla, N. and Singhal, S. (2020) ‘Primary HPV screening for cervical cancer’, Best Practice & Research
Clinical Obstetrics & Gynaecology, 65, pp. 98-108. Available at: https://doi.org/10.1016/j.bpob-
gyn.2020.02.008.

Bukowski, A. et al. (2022) ‘Extended Human Papillomavirus Genotyping to Predict Progression to High-
Grade Cervical Precancer: A Prospective Cohort Study in the Southeastern United States’, Cancer Epidemi-
ology, Biomarkers & Prevention, 31(8), pp. 1564—1571. Available at: https://doi.org/10.1158/1055-9965.EPI-
22-0054.

Chan, C.K. et al. (2019) ‘Human Papillomavirus Infection and Cervical Cancer: Epidemiology, Screening,
and Vaccination—Review of Current Perspectives’, Journal of oncology, 2019, pp. 1-11. Available at:
https://doi.org/10.1155/2019/3257939.

Cheng, L., Wang, Y. and Du, J. (2020) ‘Human Papillomavirus Vaccines: An Updated Review’, Vaccines,
8(3), p. 391. Available at: https://doi.org/10.3390/vaccines8030391.

Delam, H. et al. (2020) ‘Risk factors for cervical cancer: An epidemiological review’, Journal of Health
Sciences & Surveillance System, 8(3), pp. 105-1009. Available at:
https://doi.org/10.30476/jhsss.2020.86539.1092.

Desai, K., Spikings, E. and Zhang, T. (2015) ‘Use of methanol as cryoprotectant and its effect on sox
genes and proteins in chilled zebrafish embryos’, Cryobiology, 71(1), pp. 1-11. Available at:
https://doi.org/10.1016/j.cryobiol.2015.06.009.

Felix, J.C. et al. (2016) ‘The Clinical and Economic Benefits of Co-Testing Versus Primary HPV Testing
for Cervical Cancer Screening: A Modeling Analysis’, Journal of Women’s Health, 25(6), pp. 606-616. Avail-
able at: https://doi.org/10.1089/jwh.2015.5708.

Fujii, T. et al. (2016) ‘Evaluation of RNA and DNA extraction from liquid-based cytology specimens’, Di-
agnostic Cytopathology, 44(10), pp. 833—840. Available at: https://doi.org/10.1002/dc.23524.

Gradissimo, A. and Burk, R.D. (2017) ‘Molecular tests potentially improving HPV screening and genotyp-
ing for cervical cancer prevention’, Expert review of molecular diagnostics, 17(4), pp. 379-391. Available at:
https://doi.org/10.1080/14737159.2017.1293525.

Hashmi, A.A. et al. (2020) ‘Comparison of Liquid-Based Cytology and Conventional Papanicolaou Smear
for Cervical Cancer Screening: An Experience From Pakistan’, Cureus, 12(12), p. €12293. Available at:
https://doi.org/10.7759/cureus.12293.

Kitchen, F.L. and Cox, C.M. (2022) ‘Papanicolaou Smear’, in StatPearls. Treasure Island (FL): StatPearls
Publishing. Available at: http://www.ncbi.nlm.nih.gov/books/NBK470165/ (Accessed: 20 December 2022).

Kudela, E. et al. (2022) ‘HPV-Associated Breast Cancer: Myth or Fact?’, Pathogens (Basel), 11(12), pp.
1510-. Available at: https://doi.org/10.3390/pathogens11121510.

Longworth, M.S. and Laimins, L.A. (2004) ‘Pathogenesis of Human Papillomaviruses in Differentiating
Epithelia’, Microbiology and Molecular Biology Reviews, 68(2), pp. 362-372. Available at:
https://doi.org/10.1128/MMBR.68.2.362-372.2004.

Nieminen, P. and Auranen, A. (2022) ‘Paivitetty ohje kohdunkaulansyévan seulontakaytanndista’.

Petca, A. et al. (2020) ‘Non-sexual HPV transmission and role of vaccination for a better future (Reviewy)’,
Experimental and Therapeutic Medicine, 20(6), p. 186. Available at: https://doi.org/10.3892/etm.2020.9316.

Radosevich, J.A. and Xue J. and Vesper B.J. (2012) ‘Human Papillomavirus: A Brief Overview ‘, HPV and
Cancer. 1st ed. 2012. pp. 1-16 Dordrecht: Springer Netherlands. Available at: https://doi.org/10.1007/978-
94-007-5437-9.


https://doi.org/10.1016/j.bpobgyn.2020.02.008
https://doi.org/10.1016/j.bpobgyn.2020.02.008
https://doi.org/10.1158/1055-9965.EPI-22-0054
https://doi.org/10.1158/1055-9965.EPI-22-0054
https://doi.org/10.1155/2019/3257939
https://doi.org/10.3390/vaccines8030391
https://doi.org/10.30476/jhsss.2020.86539.1092
https://doi.org/10.1016/j.cryobiol.2015.06.009
https://doi.org/10.1089/jwh.2015.5708
https://doi.org/10.1002/dc.23524
https://doi.org/10.1080/14737159.2017.1293525
https://doi.org/10.7759/cureus.12293
http://www.ncbi.nlm.nih.gov/books/NBK470165/
https://doi.org/10.3390/pathogens11121510
https://doi.org/10.1128/MMBR.68.2.362-372.2004
https://doi.org/10.3892/etm.2020.9316
https://doi.org/10.1007/978-94-007-5437-9
https://doi.org/10.1007/978-94-007-5437-9

19

Radosevich, J.A. and Xue J. and Vesper B.J. (2012) ‘Proteins Encoded by the Human Papillomavirus
Genome and Their Functions ‘, HPV and Cancer. 1st ed. 2012. pp. 17—49 Dordrecht: Springer Netherlands.
Available at: https://doi.org/10.1007/978-94-007-5437-9.

Robertson, E.S. (2012) Cancer Associated Viruses. 1st ed. 2012. New York, NY: Springer New York
(Current Cancer Research). Available at: https://doi.org/10.1007/978-1-4614-0016-5.

Shen, C.-H. (2019) ‘Chapter 6 - Extraction and Purification of Nucleic Acids and Proteins’, in C.-H. Shen
(ed.) Diagnostic  Molecular Biology. Academic  Press, pp. 143-166. Available at:
https://doi.org/10.1016/B978-0-12-802823-0.00006-7.

Song, F. et al. (2022) ‘Roles of extended human papillomavirus genotyping and multiple infections in early
detection of cervical precancer and cancer and HPV vaccination’, BMC Cancer, 22(1), p. 42. Available at:
https://doi.org/10.1186/s12885-021-09126-3.

Tao, X. et al. (2022) ‘The clinical utility of extended high-risk HPV genotyping in risk-stratifying women
with L-SIL cytology: A retrospective study of 8726 cases’, Cancer cytopathology, 130(7), pp. 542-550. Avail-
able at: https://doi.org/10.1002/cncy.22573.

Xu, X. (2011) ‘5.10 - Cryopreservation of Stem Cells’, in M. Moo-Young (ed.) Comprehensive Biotechnol-
ogy (Third Edition). Oxford: Pergamon, pp. 149-156. Available at: https://doi.org/10.1016/B978-0-444-
64046-8.00303-7.

Yu, T. et al. (2005) ‘The role of viral integration in the development of cervical cancer’, Cancer Genetics
and Cytogenetics, 158(1), pp. 27—-34. Available at: https://doi.org/10.1016/j.cancergencyto.2004.08.021.

Zarankiewicz, N. et al. (2020) ‘High-risk HPV test in cervical cancer prevention — present and future’,
Journal of Pre-Clinical and Clinical Research, 14(3), pp. 80-84. Available at:
https://doi.org/10.26444/jpccr/126432.


https://doi.org/10.1007/978-94-007-5437-9
https://doi.org/10.1007/978-1-4614-0016-5
https://doi.org/10.1016/B978-0-12-802823-0.00006-7
https://doi.org/10.1186/s12885-021-09126-3
https://doi.org/10.1002/cncy.22573
https://doi.org/10.1016/B978-0-444-64046-8.00303-7
https://doi.org/10.1016/B978-0-444-64046-8.00303-7
https://doi.org/10.1016/j.cancergencyto.2004.08.021
https://doi.org/10.26444/jpccr/126432

