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ABSTRACT
Introduction: Cervical cancer remains a significant global health concern, primarily associated with persistent infections by 
high-risk human papillomavirus (hr-HPV). As screening programmes evolve from traditional cytology to DNA-HPV testing, the 
need for a liquid medium that maintains the integrity of cervical samples for biomolecular analysis and cytology becomes critical.
Methods: This study evaluated the performance of the candidate liquid preservation medium (PM) Cytoliq for cervical samples 
intended for DNA-HPV testing and liquid-based cytology (LBC), in comparison with the reference PM, PreservCyt-ThinPrep. A 
total of 112 women aged 18–64 years underwent routine gynaecological examinations, with paired cervical samples preserved 
in both PM for HPV testing and genotyping (Cobas HPV test), and LBC. The study aimed for a sensitivity greater than 90% in 
detecting cervical intraepithelial neoplasia grade 2 or worse (CIN2+), moderate to high agreement in HPV testing results (Kappa 
index > 0.70) and adequate performance in LBC.
Results: The candidate PM exhibited non-inferior performance relative to the reference PM. DNA-HPV testing showed a 94.5% 
agreement rate (Kappa = 0.88) and a sensitivity of 92.9% for CIN2+ detection. Additionally, the candidate PM performed well 
in LBC smear production, with no significant differences in cytological diagnoses. The agreement in LBC diagnoses was 94.0% 
(Kappa = 0.79) with the ThinPrep processor and 91.8% (Kappa = 0.63) with the Cytoliq processor.
Conclusion: The Cytoliq PM demonstrated comparable efficacy to the reference for DNA-HPV testing and LBC, supporting its 
potential as an alternative preservation medium in cervical cancer screening programmes.

1   |   Introduction

Cervical cancer is a significant global health issue. In Brazil, it 
is estimated that there will be 17,010 new cases and 6700 deaths 
annually from 2023 to 2025, making it the third most prevalent 
cancer and the fourth leading cause of cancer-related mortality 
in women [1, 2]. This cancer is associated with persistent infec-
tion by a high-risk oncogenic human papillomavirus (hr-HPV), 

which leads to the development of precursor lesions and, after 
several years, the emergence of carcinoma [3]. This progression 
pattern allows for screening at-risk women through periodic 
testing of cervical samples [3].

The first generation of screening programmes began in the 1970s 
with conventional cytology or the Pap test, which is still used 
in many countries [4–6]. In regions where these programmes 
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have been well organised and maintained, with high coverage 
of the target population, an 80% reduction in mortality has been 
demonstrated [4–6]. Later, the identification of HPV as the cause 
of cervical cancer and its potential detection through biomolecu-
lar tests led to several studies demonstrating clear superiority in 
identifying at-risk women using DNA-HPV detection in cervical 
samples [7–9]. With DNA-HPV tests based on polymerase chain 
reaction (PCR) technology, there was an increase in sensitivity 
and reproducibility, generating confidence, extending the retest-
ing interval and enabling earlier detection of precursor lesions 
or early-stage cancer by several years [7–10]. This superiority is 
even more apparent in low-prevalence settings, such as in popu-
lations previously vaccinated against HPV [11], which will grad-
ually dominate in many settings.

Thus, since 2017, some countries have begun transitioning their 
programmes from cytology-based methods to the primary use 
of DNA-HPV testing [12–14]. In this context, based on the DNA-
HPV test result, liquid-based cytology (LBC) is used as a triage 
for colposcopy in about 10% of cases performed on the same 
sample (reflex cytology) [10, 14]. Introduced in the early 2000s, 
the LBC processor uses automated technology that includes cell 
homogenisation, debris filtration and transferring cells to slides 
in a thin layer, resulting in more uniform and clear slides with 
a lower rate of unsatisfactory samples [15, 16]. Using a liquid 
medium that preserves sample integrity and allows for biomo-
lecular testing and to achieve adequate LBC is crucial.

In Brazil, after decades of opportunistic cytology programmes 
with no impact on the high mortality caused by cervical cancer, 
a transition to an organised programme based on DNA-HPV 
testing began in 2024 [17]. The current scenario predicts a high 
demand for tests and supplies, and the development of alterna-
tives could assist in implementing the programme on a national 
scale at an affordable cost. This study evaluated the clinical per-
formance of a cell preservation solution as a candidate liquid 
medium for collecting and preserving cervicovaginal samples 
for screening, DNA-HPV detection and LBC processing.

2   |   Methods

A diagnostic test study was conducted to assess the perfor-
mance of the candidate liquid preservation medium (PM) 
Cytoliq (Erviegas Group, Indaiatuba, SP, Brazil) in preserving 
cervicovaginal samples for DNA-HPV testing and LBC, com-
pared to the performance of the reference medium PreservCyt-
Thinprep (Hologic Inc., Marlborough, MA, United States). The 
candidate PM was developed in Brazil for general cytology and 
contains ethyl alcohol, methylparaben and sodium chloride, 
with biochemical evaluation that led to its registration by the 
Brazilian Health Regulatory Agency (ANVISA) (registration no. 
10039370007, 1/JUL/2021) [18].

Guidelines from an international HPV test validation manual 
[19], the cornerstone of current screening programmes, were 
used as a reference. The guideline recommends the HPV testing 
needs to achieve a sensitivity greater than 90% in detecting cer-
vical intraepithelial neoplasia grade 2 or worse (CIN2+), includ-
ing cervical cancer, and a high agreement in test results (Kappa 
index > 0.70). In this study, we used these criteria to compare the 

test results of samples preserved in the candidate PM with those 
preserved in the reference PM. The sample size was calculated 
assuming similar sensitivities between the PMs and moderate 
agreement, resulting in a required sample size of 100 samples 
per PM with a statistical power of 99% [19].

The study evaluated 116 women aged 25–64 years who attended 
routine gynaecological evaluations or follow-up after conven-
tional cytology or treatment for precursor lesions at the Women's 
Hospital of the University of Campinas, Campinas (SP), Brazil, 
from June to December 2023. Four women were excluded due 
to one of the following conditions: recent use of vaginal medi-
cations or immunosuppressive therapies, menstrual bleeding or 
history of pelvic radiotherapy. Thus, 112 women were included, 
and all signed an informed consent form. During the gynaeco-
logical speculum examination and after the routine cervical cy-
tology sample collection, two additional samples were collected 
and placed in two vials containing the candidate and reference 
PM. The collection order was randomised in a 1:1 ratio for the 
first collection, and the tubes were labelled with codes to prevent 
assessors from knowing the case details or sample pairing. The 
code was revealed only for statistical analysis. The DNA-HPV 
test used was the Cobas HPV test (Roche Molecular Systems, 
Pleasanton, CA, United States), which detects genotypes 16, 18 
and 12 other hr-HPV types in a grouped format. The agreement 
between the molecular test results was evaluated using the 
Kappa index and interpreted according to Landis and Koch [20]: 
< 0.1 = absent; 0.10 to 0.20 = slight; 0.21 to 0.40 = fair; 0.41 to 
0.60 = moderate; 0.61 to 0.80 = substantial; and 0.81 to 1 = excel-
lent. According to the HPV test validation guideline, the target 
Kappa value to achieve is > 0.7, indicating high agreement [19].

The LBC slides were prepared automatically using equipment 
from the same manufacturers of the preservation mediums, 
namely the Cytoliq LBC processor (Erviegas Group, Indaiatuba, 
SP, BR) and the Thinprep TP2000 processor (Hologic Inc., 
Marlborough, MA, United States). Two LBC slides were pro-
duced from each preserved sample, one on each processor, al-
lowing for the assessment of the interchangeability of the two 
PM across the two processors. Subsequently, the slides were 
scanned using the KFBIO KF-PRO-400 scanner (Konfoong 
Bioinformation Tech Co., Ningbo, Zhejiang, CN). Cytological 
analyses followed the Bethesda System criteria for cellularity 
quality, presence of the cervix's squamocolumnar cell junction 
(SCJ), presence of obscuring factors, sample adequacy and cy-
tological diagnosis [21, 22]. Two independent and experienced 
cytologists read the LBC slides, and any discordant results were 
reviewed until consensus. The Kappa index and descriptive 
analysis evaluated the agreement between results by PM and 
LBC processors. Statistical analysis was performed using the 
StatDirect 3.0 software (Wirral, United Kingdom, www.​stats​di-
rect.​com). The Ethics Committee of the University of Campinas 
approved the study.

3   |   Results

The 112 women included in the study were aged between 25 and 
64 (mean age: 36.8 years). Of these, 76 were undergoing screen-
ing, 24 were following up after an abnormal screening with con-
ventional cytology and 12 were in post-treatment follow-up. The 
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first sample collection occurred in 59 cases for the candidate 
PM and 53 cases for the reference PM (p = 0.423). Three cases 
had insufficient samples for DNA extraction: one case for both 
mediums and two cases for the reference PM only, both as the 
first collection. Therefore, DNA-HPV testing was performed in 
99.1% (111/112) samples preserved in the candidate PM, which 
was not inferior to the 97.3% (109/112) tested for the reference 
PM (p = 0.311). The 109 paired cases for both PM showed the 
same proportion of hr-HPV detection, 34.9% (38/109). The re-
sults by the medium group were concordant in 94.5% (106/109), 
with a Kappa index of 0.88 (excellent agreement). Considering 
genotyping, there was one case with positive tests for both HPV 
types 16 and 18, concordant in both mediums and counted as 
two individual results. Thus, the concordance considering geno-
typing was 94.4% (102/110), with a Kappa index of 0.89, indicat-
ing almost perfect agreement (Table 1).

The three discordant negative cases in each PM were not from 
the same women, although overall, they presented the same 
final cytological diagnoses: two cases with HPV12OT+/nega-
tive cytology for each medium, one case with HPV16+/LSIL in 
the candidate PM, and one case with HPV16+/negative in the 
reference PM.

In the analysis of test-to-test result agreement, by individual 
case, the agreement by medium remained excellent, with 92.7% 
(102/110) and a Kappa index of 0.86.

Considering the samples with satisfactory DNA extraction, the 
performance of the HPV tests across preservation mediums was 
nearly identical, with a 34% positivity rate (38/111 for the candi-
date medium and 38/109 for the reference medium). Based on 
the final diagnosis of CIN2+ at the time of sample collection, the 
sensitivity was 92.9% for both mediums (specificity = 74%, nega-
tive predictive value = 99% and positive predictive value = 34%).

For the cytology analysis, 96 paired cases by medium were con-
sidered, with the slide preparations processed together, balanc-
ing the time interval between sample collection and processing. 
The cytological smears characteristics and the diagnoses by me-
dium and by LBC processing system are shown in Table 2.

Considering the LBC smear produced by each of the four pos-
sible combinations between the two PM and the two LBC pro-
cessors, the parameters analysis of the cellularity, presence of 

the SCJ component, obscuring factors and adequacy showed no 
significant differences (Table 2, Figure 1). When comparing the 
two PMs on the same LBC processor, no statistical difference 
was observed regarding cytological smear characteristics and 
the diagnoses (Table 2). When comparing the cytological diag-
noses by PM-Processor system from the same manufacturer, no 
significant difference was found, with the same number of diag-
noses of ASC-US/LSIL (n = 8) and ASC-H/HSIL (n = 4) for each 
(p > 0.99; Table 2).

In a detailed analysis of unsatisfactory LBC cases, only one out 
of four cases on the candidate PM-Cytoliq processor system and 
the 11 cases on the reference PM-ThinPrep processor system 
had identical results. The four unsatisfactory cases in the can-
didate PM-Cytoliq processor system had negative results for the 
LBCs from the ThinPrep processor. Among the 11 unsatisfac-
tory cases in the reference homologous system, the LBCs pro-
duced on the Cytoliq processor had seven negative diagnoses, 
one ASC-US, and two ASC-H.

The agreement between diagnoses in LBC by medium, exclud-
ing unsatisfactory samples, was 94.0% (78/83) with a Kappa 
index of 0.79 (‘substantial’) when produced on the ThinPrep 
processor, and 91.8% (78/85) with a Kappa index of 0.63 (‘sub-
stantial’) when produced on the Cytoliq processor (Table 3).

4   |   Discussion

The PM candidate demonstrated non-inferior performance 
to the reference in detecting DNA-HPV and producing LBC 
smears based on comparing results from cervical samples col-
lected from the same women. For DNA-HPV tests, there was 
only one insufficient sample for the PM candidate, and the 
agreement between the HPV test results, including genotyping, 
was high (> 92%), both for the total in each group and in the 
paired, case-by-case comparison, with an excellent Kappa index 
(> 0.86). Considering the final diagnosis of CIN2+, the sensitiv-
ity achieved by the hr-HPV test was high at 92.9% for both PM. 
For LBC, the qualitative analysis of the smears produced and the 
cytological diagnoses showed no differences between the four 
combinations of PM-Processors of slides evaluated.

Cervicovaginal sample preservation media are a crucial 
part of cervical pre-cancer screening in HPV-based testing 

TABLE 1    |    Agreement between different hr-HPV test results in cervical samples by preservation medium.

hr-HPV testing in the reference mediuma

hr-HPV testing in the candidate medium (n)

HPV16+ HPV18+ 12OT+ Negative Total

HPV16+ 9 0 0 1 10

HPV18+ 0 3 0 0 3

12OT+ 2 0 22 2 26

Negative 1 0 2 68 71

Total 12 3 24 71 110b

Note: Kappa index: 0.89 (excellent with 94.4% concordance).
ahr-HPV test (Cobas HPV test; Roche Diagnostics): detection and genotyping HPV16, 18 and 12 others (12OT) pooled high-risk HPV.
bOne test had a positive result for HPV16 and 18, and both results were considered separately.
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TABLE 2    |    Cytological smears characteristics and the diagnoses from 96 women according to the liquid preservation medium (PM) and processing 
system (P) for liquid-based cytology.

Cytologya

Processor for liquid-based cytology (n)

P-Cytoliq P-Thinprep

Candidate PM Reference PM pb Candidate PM Reference PM pb

Parameters

Cellularity

Satisfactory 92 85 0.059 85 85 > 0.99

Unsatisfactory 4 11 11 11

SCJ component

Yes 56 51 0.468 49 39 0.148

No 40 45 47 57

Obscuring factor

Yes 23 15 0.147 11 16 0.299

No 73 81 85 80

Adequacy

Yes 92 87 0.125 82 86 0.650

No 4 9 14 10

Diagnoses

Negative 80 77 0.489 70 73 0.736

ASC-US 6 4 6 1

LSIL 2 4 7 7

ASC-H 3 1 2 1

HSIL 1 1 1 3

Unsatisfactory 4 9 10 11

Abbreviations: ASC-H, atypical squamous cells, cannot exclude HSIL; ASC-US, atypical squamous cells of undetermined significance; LSIL-HSIL, low-grade or high-
grade squamous intraepithelial lesions; SCJ, squamocolumnar cell junction.
aParameters and diagnoses according to the Bethesda System [21, 22].
bChi-square or Fisher's exact tests; statistics considered ASC-US plus LSIL and ASC-H plus HSIL.

FIGURE 1    |    Liquid-based cytology smears produced from samples preserved in the candidate medium and Cytoliq slide processor (both were 
first collected samples).
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programmes, and they must have the ability to preserve samples 
for several weeks to perform biomolecular tests such as DNA 
detection, mRNA or DNA methylation, as well as for cytolog-
ical evaluation, meaning they need to preserve both cellular 
morphology and nucleic acids. Additionally, the PM should not 
cause false-negative results.

In our evaluation, the candidate PM demonstrated robust 
results for screening tests and excellent agreement with the 
reference PM results, both achieving a sensitivity of 92.9%. 
We found the same 34.9% rate of hr-HPV detection in sam-
ples preserved in both PMs, along with high agreement rates 
in the results, whether for hr-HPV positivity, viral genotyp-
ing or LBC diagnoses. The negative predictive value of 98.6% 
for both PMs indicates safety for population-based screening 
programmes.

For this clinical performance analysis of the candidate PM in 
cervical screening cytology, the steps followed adhered to a 
validation guide for new HPV tests established and used for 
over a decade [19], and the 90% sensitivity reference and high 
agreement rates (Kappa index > 0.70) were achieved by the 
candidate PM in this study. The performance for producing 
LBC smears was evaluated according to Bethesda System qual-
ity criteria [21, 22]. It was not inferior to that of samples from 
the same women preserved in the reference PM. Therefore, 
the PM candidate demonstrated clinical performance that jus-
tifies continuing the validation process for its use in cervical 
cancer screening.

A detailed evaluation of the unsatisfactory LBC cases high-
lighted that there were four cases in the same trade candidate 
PM-Cytoliq processor system (Erviegas), all with negative re-
sults in the homologous reference system, compared to 11 un-
satisfactory LBC cases in the reference same trade system, with 
the ThinPrep processor (Hologic), which the evaluation by the 
candidate homologous system showed seven negative diagno-
ses, one ASC-US and two ASC-H for the same women. Overall, 
the few observed discrepancies, although not significant, tended 
to favour the candidate system, and interchangeability between 
the systems showed equivalent results.

Some limitations of the study can be considered, as the sequen-
tial sample collection follows an initial routine sample collection, 
which could lead to lower cellular sampling in the last collec-
tion. However, this was possibly controlled by randomising the 
order of collections. Additionally, the time elapsed between col-
lection and processing for LBC was not considered, although it 
was similar for the 96 paired cases processed simultaneously, 
ranging from 67 to 147 days. The study's strengths include the 
standardisation of procedures, all performed by trained profes-
sionals in a university environment, including reference labora-
tories and cytologists with experience in routine and large-scale 
testing. Furthermore, the sample collections were done simulta-
neously, from the same woman, and in a randomised order for 
the first collection stored in both PMs. Among the cases stud-
ied, there was a high proportion of risk cases for positive HPV 
testing, with 34.9% detection, highlighting the high sensitivity 
found for both PM. The HPV test and reference LBC processor 
used in this study are among the most widely used in routine 
practice globally.

5   |   Conclusion

This study demonstrated that the PM candidate effectively 
preserved cervical samples for DNA-HPV detection and LBC, 
being non-inferior to the reference, supporting its use in cer-
vical cancer screening and expanding the supply alternatives 
for the expected expansion of molecular biology-based pro-
grammes. Future monitoring of the candidate PM's use on a 
larger scale may reveal additional particularities or further 
adjustments.
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TABLE 3    |    Agreement between cytological diagnoses (n) by liquid preservation medium (PM) and processing system for liquid-based cytology.

Diagnostics in 
the reference 
PM

Processor for liquid-based cytology (n)

Cytoliq ThinPrep

Diagnostics in the candidate PM Diagnostics in the candidate PM

Neg
ASC-US/

LSIL
ASC-H/

HSIL Unsat Total Neg
ASC-US/

LSIL
ASC-H/

HSIL Unsat Total

Neg 71 2 2 2 77 67 4 — 2 73

ASC-US/LSIL 3 5 — — 8 — 8 — — 8

ASC-H/HSIL — — 2 — 2 1 — 3 — 4

Unsat 5 1 1 2 9 2 1 — 8 11

Total 79 8 5 4 96 70 13 3 10 96

Note: Kappa index for slide processor Cytoliq: 0.63 (91.8% concordance); Kappa index for slide processor ThinPrep: 0.79 (94.0% concordance).
Abbreviations: ASC-H, atypical squamous cells, cannot exclude HSIL; ASC-US, atypical squamous cells of undetermined significance; LSIL-HSIL, low-grade or high-
grade squamous intraepithelial lesions; Neg, negative; Unsat, unsatisfactory [22].
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