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Abstract

Background: Since liquid-based cytology (LBC) has replaced the conventional Papanico-
laou test in cervical cancer screening programs, pre-analytical procedures—particularly
the choice of LBC collection media—have become crucial to ensure the accuracy of high-
risk (HR) HPV DNA testing. This study aims to evaluate whether the newly developed
CytoPath® LBC medium can serve as a reliable alternative to standard solutions. Methods:
This study exploited cell lines to evaluate the stability, integrity, and recovery rate of ge-
nomic DNA at different fixation time points (1, 7, 14 and 40 days) and serial dilutions (1:5,
1:10 and 1:20) extracted from cell lines. These samples have also undergone quantitative
Real-Time PCR (qPCR) based HR-HPYV test to assess the relative performance of the new
preservative solution in detecting viral DNA with respect to the standard reference. Results:
Cervical cell lines preserved in both media demonstrated consistent DNA stability over
time. DNA yields were comparable between the two media. Notably, the DNA Integrity
Number (DIN) was higher in samples fixed with the CytoPath® solution. HR-HPV detec-
tion by qPCR showed equivalent performance, regardless of the fixative used. Conclusions:
The CytoPath® fixative solution represents a valid alternative to standard preservation
media, offering improved DNA integrity while maintaining equivalent performance in
HR-HPV qPCR testing.

Keywords: HPV; pap test; cervical cancer; screening

1. Introduction

Human papillomavirus (HPV) is associated with a wide spectrum of skin and mucosal
lesions, including squamous cell carcinoma (SCC) of the genital tract, skin, and aerodiges-
tive tract, as well as cervical adenocarcinoma [1,2]. In recent years, the incidence of HPV
infection in the female genital tract has increased significantly [3]. To date, over 200 HPV
genotypes have been identified. While many are linked to lesions with little or no malignant
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potential, others—particularly types 16, 18, 31, 35, 45, and 51—are strongly associated with
varying degrees of dysplasia and malignancy. The strong association of these high-risk
types with anogenital cancers has driven efforts to develop practical methods for HPV
detection and genotyping [4,5].

Traditional cervical smear techniques have long been employed for early detection of
cervical cancer and have proven effective in reducing the morbidity and mortality associ-
ated with invasive disease. However, these methods are hindered by high false-negative
rates due to sampling errors, the presence of obscuring material, and limitations in screen-
ing and interpretation [6,7]. To address these shortcomings—particularly issues related to
inadequate sampling and the detection of high-risk HPV—liquid-based cytology (LBC) has
largely replaced conventional smears in routine clinical practice [6-8]. Unlike traditional
smears where cells are spread directly onto a slide, LBC involves suspending cells in a
liquid preservative medium, allowing for both manual and automated sample processing.

LBC offers several advantages: a reduction in inadequate or unsatisfactory samples,
improved visualization of cellular and nuclear detail due to reduced background material,
and the availability of residual material for ancillary molecular and immunohistochem-
ical analyses [1,9]. The most widely used fixatives in clinical settings are alcohol-based
solutions, which ensure cellular stability and preserve both morphology and nucleic acid
integrity [10-12]. However, to further enhance the preservation of nucleic acids, the devel-
opment and validation of alternative fixatives remains a key area of interest [13].

Any novel fixative, however, must undergo thorough validation before clinical adop-
tion [14-16]. This is especially relevant given the expanding role of molecular testing
beyond cervical cytology, including applications for endometrial and ovarian cancers [2].
Morphological assessment alone is insufficient to determine which HPV-related lesions
will progress to malignancy, underlining the importance of accurate HPV genotyping in
patient management.

Several diagnostic approaches have been developed for HPV typing, primarily based
on the detection of DNA or RNA in cervical scrapings or biopsies. Certain types—such
as HPV-16 and HPV-18—are frequently found in high-grade dysplasias and carcinomas
and are classified as “high-risk” (HR), whereas others—such as HPV-6 and HPV-11—are
considered “low-risk” (LR) due to their association with benign lesions. HPV genotyping
thus contributes both to early diagnosis and prognostication by improving sensitivity in
detecting patients at higher risk [1].

There are three primary classes of HPV-derived diagnostic markers: (1) serological
markers detecting antibodies against viral proteins; (2) cellular markers reflecting the
expression of viral or tumor-associated proteins; and (3) molecular markers based on the
detection of viral nucleic acids—the latter currently being the preferred method. In this
context, the application of next-generation sequencing (NGS) technologies is also emerging
as a promising future direction [17,18].

Given these advancements, there is an increasing demand for standardized tools and
innovative reagents that enhance the analytical sensitivity and specificity of HPV detection
assays. Within the pre-analytical phase, fixative solutions play a crucial role in preserving
cellular and molecular features as close as possible to their native state. An ideal fixative
should be non-toxic, cost-effective, and capable of preserving morphology, antigenicity for
immunostaining, and macromolecules—including nucleic acids—for downstream molecu-
lar analyses [16,19].

CytoPath® is a new, ethanol-based, formalin-free fixative solution [14] that has not
yet been validated for molecular applications. The aim of this study is to conduct a
pilot evaluation of the CytoPath® medium, assessing its performance in comparison to
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the standard reference fixative in terms of nucleic acid stability, integrity, recovery, and
compatibility with HPV testing.

2. Material and Methods
2.1. Study Design

The study was carried out on cervical cell lines, that were fixed in Preservcyt® Solu-
tion (Hologic Inc., Marlborough, MA, USA) [20], and CytoPath® fixative (Diapath S.p.A.,
Martinengo, Italy) to evaluate potential differences in terms of DNA stability, integrity
and recovery rate. Moreover, it evaluated the effect of both fixatives on the suitability for
HPV detection through molecular analysis was evaluated in terms of concordance and
success rate.

2.2. Cell Lines

In this study, two cell lines were employed. Cell lines were chosen to reproduce
samples routinely undergoing HPV test. In particular, HeLa cell line was used as a positive
control, featuring immortalized HPV+ cells derived from cervical cancer, whereas C33A
cell line was used as a negative control, consisting of HPV epithelial cells from healthy
cervical tissue.

HeLa (CCL-2™) cells and C33A (HTB-31™) cells were obtained from the American
Type Culture Collection (ATCC®; Manassas, VA, USA). HeLa cells were grown in Minimum
Essential Medium (MEM; Microgem Laboratory Research, Milan, Italy) supplemented
with 10% Fetal Bovine Serum (FBS; Microgem Laboratory Research, Milan, Italy), 2 mM
l-glutamine, 100 IU/mL penicillin G, and 100 pg/mL streptomycin; C33A cells were grown
in Eagle’s Minimum Essential Medium (EMEM; ATCC® 30-2003, Manassas, VA, USA)
supplemented with 10% Fetal Bovine Serum (FBS; Microgem Laboratory Research, Milan,
Italy), 100 IU/mL penicillin G, and 100 pg/mL streptomycin in a humidified incubator at
37 °C under a 5% CO, atmosphere. Cells were split and seeded in plates (75 cm?) every
3 days and used for assays during the exponential growth phase.

Both cell lines were collected by gently scraping from the plates, transferred to a Biirker
counting chamber and counted by phase-contrast microscope (Carl Zeiss, Jena, Germany,
HBO 50/ac model). After centrifugation, cell pellets were split in two and re-suspended in
both fixatives. HeLa and C33A cells suspension were mixed at different ratios (1:5, 1:10 and
1:20) to obtain approximately 600,000 cells for each sample.

For qualitative and quantitative evaluation at different time points after fixation (1,
7,14 and 40 days), 1 mL of each solution was picked up to perform the genomic DNA
extraction. Briefly, for each sample, 1 mL of solution was centrifuged (13,000 r.p.m. for
5 min) to obtain the cell pellet. Then 180 uL of buffer and 20 uL of proteinase K enzyme
were added and incubated overnight at 56 °C (Figure 1).

2.3. gDNA Extraction, Quality and Quantity DNA Evaluation

For genomic DNA extraction, 1 mL of solution was picked up from each sample
from both fixative solutions (n = 24 for cell lines). Briefly, QlAamp DNA Minikit® Kit
(Qiagen, Hilden, Germany) was used, and gDNA was extracted following the manufac-
turer’s instruction. gDNA was eluted in 30 pL nuclease free water. DNA quantity and
quality were assessed by Genomic DNA Assay® kit (Agilent, Santa Clara, CA, USA) on
4200 TapeStation® Platform (Agilent), according to manufacturer’s instruction.

In addition, after DNA extraction, the residual material into the vials was sent to the
Microbiology and Virology Unit, University of Naples Federico II, for HPV testing.
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Figure 1. Study design. Cell lines employed for this study were split and seeded in plates and they
were collected by gently scraping from the plates. After centrifugation, cell pellets were split in two
and re-suspended in both fixatives. HeLa and C33A cells suspension were mixed at different ratios
(1:5, 1:10 and 1:20). For qualitative and quantitative evaluation at different time points after fixation
(1,7, 14 and 40 days), 1 mL of each solution was picked up to perform the genomic DNA extraction.

2.4. The Abbott Real-Time High-Risk HPV Test

The Abbott Real-Time High-Risk HPV test is a real-time PCR-based assay for concur-
rent detection and individual genotyping of HPV-16 and HPV-18 and pooled detection of
12 other hrHPV genotypes: HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52,
HPV-56, HPV-58, HPV-59, HPV-66, and HPV-68 [19,21]. Real-Time PCR is performed on
the m2000rt real-time PCR instrument using a modified GP5+/6+ primer mix consisting of
three forward primers and two reverse primers designed to hybridize to an approximately
150-base HPV consensus region [21].

A primer set targeting a region of 136 bases in the human beta-globin gene was used
as internal process control (IC), for monitoring sample adequacy, DNA extraction quality,
and yield. The HPV and internal control probes are single-stranded DNA oligonucleotides
modified with a fluorescent moiety covalently linked to one end of the probe and a quench-
ing moiety to the other end [21]. Through the distinct labels, signals for HPV-16, HPV-18,
non-HPV-16/18 types, and IC can be simultaneously detected and distinguished in a
single reaction. The assay also has a proprietary algorithm for the amplification curve
validation [21].

2.5. Statistical Methods

The data obtained were evaluated by statistical analysis in order to compare the
performance of PreservCyt® and CytoPath® fixative solutions in terms of preserving the
nucleic acids (concentration and integrity) and to perform the Real-Time High-Risk HPV
DNA. The statistical analyses were performed using R (version 4.0.2, R Foundation for
Statistical Computing, Vienna, Austria) and statistical significance was set at p < 0.05.

3. Results
3.1. Quality and Quantity Genomic DNA Evaluation: Tape Station Cell Lines Samples Analysis

Overall, the analysis on cell line samples on the three serial dilutions (1:5; 1:10 and
1:20) showed a significantly higher (p < 0.05) quality of extracted nucleic acid using the
new CytoPath® fixative compared with those fixed with the standard reference for all data
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points with no difference in terms of concentrations (Figures 2 and 3). Detailed results
about the analysis on cell line samples are shown in Supplementary Material Table S1.

20
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Figure 2. Comparison between DNA concentration at different time points in cell lines (Hela and
C33A) by using new and standard fixative. The statistical analysis showed no significant difference
regarding the DNA concentration of cell lines samples on the three serial dilutions (1:5; 1:10 and 1:20)
fixed in the new fixative solution and standard reference solution at different time points (1,7, 14,
40 days).
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Figure 3. Comparison between DNA concentration at different time points in cell lines (Hela and
C33A) by using new and standard fixative. The statistical analysis showed that the DIN value in
samples extracted from cell line samples on the three serial dilutions (1:5; 1:10, and 1:20) maintained
in the new fixative solution was significantly higher than samples derived from cells preserved in the
standard reference solution (p < 0.05). Furthermore, the quality of the nucleic acids was increased in
all considered time intervals, from the first day up to 40 days after the cell samples were immersed in
the fixative solution (p < 0.05).
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3.2. HPV Real-Time PCR Analysis in Cell Lines

The Real-Time High-Risk HPV assay’s turnaround time for 96 samples is 6 to 8 h
for 96 samples, depending on the method used for DNA extraction. The fully automated
high-throughput instrument m2000sp or the smaller m24sp instrument can be used for
DNA extraction or, alternatively, DNA can be prepared manually. The assay is vali-
dated by the manufacturer for use with cervical specimens collected with PreservCyt®
Solution, SurePath Preservative Fluid, and the Abbott Cervi-Collect Specimen Collection
Kit [19,21,22]. In this study, we evaluated the feasibility to use the CytoPath® medium pre-
serving the nucleic acids to perform the Real-Time High-Risk HPV DNA assay by using cell
lines samples. Moreover, as expected, since the Hela cell lines derived from cervical cancer,
the HPV test showed positive results, and the output was similar in samples preserved in
both fixative solutions.

In particular, the results were carried out on the three different serial dilutions of the
cell line cultures (HeLa and C33A) fixed with both fixative solutions as follows: regarding
the standard reference, we observed a Cycle threshold (CT) range of 19.7-22.09 for the
1:5 dilution, a CT range of 20.93-23 for the 1:10 dilution, and a CT range of 22.66-23.96
for 1:20 dilution. Whereas, regarding the cells preserved in the new fixative solution, a CT
range of 21.55-24.07, of 22.35-23.79 and of 22.64-25.16 was achieved for the 1:5, 1:10, and
1:20 point dilutions, respectively. Detailed data are reported in Table 1.

Table 1. Cycle threshold (CT) carried out performing the HPV test in PCR Real-Time on extracted
DNA from cell line (Hela and C33A).

Fissative Type Diluition Timing CT
1:5 22.09
Preservcyt® 1:10 22.56
1:20 23.54
1 day
1:5 22.71
Cytopath® 1:10 23.57
1:20 23.94
15 21.63
Preservcyt® 1:10 23
1:20 23.96
7 days
15 22.59
Cytopath® 1:10 22.35
1:20 2391
1:5 19.7
Preservcyt® 1:10 20.93
1:20 22.66
14 days
1:5 21.55
Cytopath® 1:10 22.63
1:20 25.16
15 20.47
Preservcyt® 1:10 22.09
1:20 22.85
40 days
15 24.07
Cytopath® 1:10 23.79
1:20 22.64

The table shows three different @?oint of serial dilutions (1:5; 1:10, and 1:20) of the cell lines (Hela and C33A) fixed
by Preservcyt® and by Cytopath® with the relative Cycle threshold (CT) reported performing the HPV test in PCR
Real-Time on extracted DNA samples at different timings (1, 7, 14, 40 days).
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3.3. Statistical Analysis

Differences in longitudinal variation in DIN and in DNA concentrations were eval-
uated using a mixed model ANOVA with time as the within factor and medium as the
between factor. The model included the two main effects and the interaction between time
and medium. In case of significance of the interaction term, post hoc comparisons were
based on T-test for unpaired samples with Bonferroni correction.

4. Discussion

Liquid-based cytology (LBC) media provide an effective platform for improved speci-
men storage, supporting co-testing strategies such as high-risk HPV (HR-HPV) testing for
cervical cancer screening [23]. Cervical swab specimens preserved in LBC media can also be
utilized for additional molecular analyses, including DNA methylation profiling and HR-
HPV E6/E7 mRNA testing [24]. Therefore, an ideal LBC medium should not only preserve
cellular morphology but also maintain the integrity of nucleic acids [14,25,26]. Specimens
stored in appropriate preservative solutions can yield extensive biological information,
potentially leading to new diagnostic and therapeutic insights [8,10,11].

In the past, various alternative fixatives have been proposed for optimal cytological
sample preservation. For instance, Zhao et al. evaluated VersaMedium, a novel ethanol-
based LBC fixative. Their findings indicated that cervical exfoliated cells preserved in
VersaMedium retained good morphological quality, although no further molecular analyses
were conducted [13].

More recently, Casatta et al. investigated the performance of CytoPath®, a new ethanol-
based, formalin-free LBC fixative, by comparing it with the standard reference solution.
Their study evaluated both gynecological and non-gynecological samples and found no
statistically significant differences in diagnostic adequacy between the two media. These
results support the non-inferiority of CytoPath® in preserving cellular morphology for
routine cytological assessments [14].

Building upon these findings, the present study aimed to evaluate the capacity of
CytoPath® to preserve nucleic acids and to support HPV DNA detection, in direct compari-
son with the standard fixative routinely used in cytology laboratories. To achieve this, we
initially focused on cervical cell line models, which allowed for controlled and reproducible
assessment of DNA stability, integrity, and recovery rate over different time points and
serial dilutions.

DNA extracted from these cell lines was analyzed using nanocapillary electrophoresis
and a qPCR-based HR-HPV detection assay. The nanocapillary electrophoresis data were
subjected to statistical analysis to compare the two fixatives in terms of DNA yield and
integrity. The analysis revealed no significant difference in DNA concentration or extraction
efficiency between the two media in cell line samples (Figure 2). Furthermore, results across
various serial dilutions (Table 1) confirmed the consistency and adequacy of CytoPath® for
handling cytological samples at varying concentrations.

Importantly, a statistically significant difference emerged in the quality of the extracted
nucleic acids. Samples fixed in CytoPath® demonstrated a higher DNA Integrity Number
(DIN) compared to those fixed in the standard solution. As shown in Figure 3, this improve-
ment in DNA quality was consistent across all time intervals, from day 1 up to 40 days
post-fixation (p < 0.05). This enhanced preservation of nucleic acids is particularly rele-
vant given the increasing integration of molecular diagnostics into routine cytopathology
workflows. It suggests that the use of CytoPath® could support not only conventional cyto-
logical evaluation but also high-quality molecular testing—essential for accurate diagnosis,
prognosis, and patient stratification.
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Therefore, the introduction of this new fixative into routine clinical laboratory work-
flows could offer a valuable diagnostic tool, providing preservation performance compara-
ble to, or better than, that of currently adopted cytopathology standards.

5. Conclusions

CytoPath® is a promising fixative solution that is non-toxic, cost-effective, and effective
in preserving both cellular morphology and nucleic acid integrity. The results of this pilot
study support its potential for clinical implementation. However, larger-scale clinical stud-
ies involving patient-derived samples are warranted to confirm these findings and evaluate
the reproducibility of the results obtained in cell lines. Our validation study represents an
important first step, demonstrating the superior DNA preservation offered by CytoPath®,
which in turn facilitates more accurate molecular analysis for HPV DNA detection.
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