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Abstract

Background Primary human papillomaviruses (HPV) cervical cancer screening can be strengthened by offering
home-collection of biological specimen as a valuable option to increase screening coverage. As recommended

by World Health Organization (WHO), screening programs should consider whether the inclusion of HPV self-
sampling as a complementary option within their existing screening algorithms could address the gaps in current
coverage. However, few HPV screening tests are validated for self-sampling according to international guidelines. This
study aimed to test a self-sampling-based screening strategy, complementary to the main screening program based
on clinician-collected cervical samples. The study took place in Trieste, Italy, and it aimed to evaluate the feasibility

of self-testing at home under an opt-in system during COVID-19 pandemic in order to exploit self-sampling to reduce
the screening delay generated by the lockdown.

Methods 500 women, who should have received the screening call in 2020, were asked, via phone call, to participate
in the study. To whom agreed, a home-collection kit, including a vaginal dry swab for specimen collection, was sent.
The recipients performed the sample self-collection and sent back the swab through traditional mail using a prepaid
envelope. Once received by the hospital, the samples were analyzed with HPV Selfy (Ulisse BioMed, Italy), a CE-IVD
HPV screening test specifically validated for self-collection. Results were further compared using cobas® 4800 HPV
(Roche, Switzerland).

Results 80% women sent back their swab, showing one of the highest return rate obtained in comparable studies.
34 HPV-positive women were followed up and underwent the Pap test, that revealed 8 low squamous intraepithelial
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based screening.

cancer screening based on home self-collection.

lesions (LSIL) cases, later triaged to colposcopy. HPV Selfy was confirmed to be an adequate test for self-sampling-

Conclusions This study further confirmed the feasibility of self-test at home screening strategy based on self-
sampling with an opt-in system as a support method to enhance cervical cancer screening coverage in Italy. Enrolled
women showed a high appreciation for this approach. HPV Selfy test demonstrated to be a valuable assay for cervical

Trial registration: ASUGI Trieste n. 16008/2018 and amendment 02-11/09/2020.
Keywords Human papillomavirus, HPV, Self-sampling, HPV Selfy, VALHUDES, COVID-19

Introduction

Cervical cancer is the fourth most common female
cancer worldwide with 604,237 new cases and 341,843
deaths in 2020 [1], of which more than 90% are found
in low-income countries due to the lack of cervical
screening programs [2, 3]. Indeed, the preventive effect
of cervical cancer screening largely depends on the
high women participation and coverage. A large num-
ber of cervical cancers diagnoses normally arise among
under-screened and unscreened women [4—6]. Increas-
ing the screening coverage is essential to improve the
effectiveness of primary cervical screening programs [7,
8].

The validation of human papillomavirus virus (HPV)
molecular tests on self-collected samples offers the
opportunity to adopt this collection method for primary
screening purposes with the final aim to increase cervi-
cal cancer screening coverage. In particular, by means of
self-sampling WHO aims to reach a global target of 70%
screening coverage by 2030 [9]. This implementation is
allowed by the substantial equivalence, in terms of quality
and quantity, of self-collected vaginal samples in compari-
son with clinician-collected cervical specimens. Indeed,
self-samples have been shown to be mostly equivalent
[10, 11]; in particular flocked swabs have the peculiarity to
collect a higher amount of cellular material compared to
cotton swabs [12].

In particular, it has been shown that offering to the
screening population the possibility to perform a vaginal
self-collection specimen at home significantly increases
the response rate compared to traditional screening
methods based on clinician-collected biological sampling
[13-20].

These aspects have been documented through a
plethora of studies, reaching participation rates,
intended as the percentage of women who returned
back the self-collected sample, ranging from 10 to 64%
[14, 21-27].

Surveys evaluating women’s experiences with self-
sampling showed that most non-attendees would prefer

self-sampling to clinician-based sampling in the next
screening round [28-30].

Notwithstanding, in 2020, no assays were clinically
validated for primary screening purpose specifically on
self-collected samples according to the VALHUDES
international guidelines [31].

At the time of the present study, only two CE-IVD
assays reported self-sampling in their intended use:
(a) HPV Selfy, validated for self-collection since May
2019 on a large population of more than 1,000 women
[32, 33]; data of clinical trials performed between
2018 and 2019 were recently published and showed
clinical validation of the HPV Selfy assay for primary
cervical cancer screening purposes according to Mei-
jer’s guidelines and for self-collection based screen-
ing program according to requirements indicated in
the VALHUDES protocol [34, 35]; and (b) HPV-Risk,
developed by SelfScreen and distributed by QIA-
GEN with the commercial name of “QIAScreen”; its
intended use for self-collection was applied in August
2019 and it was validated for self-collection on a very
limited sample size [36, 37]; the assay was validated for
primary cervical cancer screening purposes, accord-
ing to Meijer’s guidelines, but it was not, and it is still
not, validated according for cervical cancer primary
screening on self-collected samples, according to VAL-
HUDES protocol [31].

However, the introduction of HPV self-test at home
based on self-sampling, both as an opt-in system (i.e.,
the self-sampling device is sent only to the women who
requested it) or an opt-out system (i.e., the self-sampling
device is sent to all the relevant screening population),
could be a valuable and effective strategy to increase
primary cervical cancer screening coverage. Indeed, dif-
ferent studies showed how self-sampling can increase
the participation in cervical cancer screening both in
developed and developing countries [4, 6, 38—42]. Opt-in
system appears in general to achieve higher cost-effec-
tiveness, since the home-collection kit is sent only to
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those women who expressed an explicit consent over the
proposed screening participation method [43, 44].

In addition, this could be of particular interest in the
post-COVID-19 era, where self-sampling could repre-
sent a timely, accessible, safe and cost-effective method
to efficiently screen women while keeping social dis-
tance [45-50]. Importantly, since 2020, complete lock-
down due to pandemic, led to the temporary suspension
of HPV screening, forcing to postpone women’s sched-
uled screening test. Moreover, even after the lockdown
release, social distancing measures that in some coun-
tries lasted for 3 years forced health departments to
restrict access to obstetrician ambulatories to a limited
number of women, diminishing then the daily capacity
to collect samples. The overall situation created a bot-
tleneck with queue and delay problems in the execu-
tion of the screening program; bottleneck management
could be facilitated by offering self-sampling as an opt-
out screening system in these circumstances [50]. For
instance, Netherlands has already adopted home-testing
with the self-collection as primary screening method
under an opt-out system [16, 51].

This study was started as a first experimental applica-
tion of HPV self-test at home based on self-sampling
offered to screening population in Trieste (Italy) during
the interruption of the primary screening due to COVID-
19 pandemic. In order to guarantee trustable results, a
CE-IVD marked test specifically validated for self-col-
lected samples (HPV Selfy) was selected for this study
[32, 33].

Methods

Study design

We applied an opt-in system, since according to some
studies, it is more cost-effective on average [43], and
we also found it economically convenient considering
the study local context. In more details, we offered by a
phone call to screening attendants the possibility to per-
form an HPV self-test at home based on self-sampling
while waiting for the reactivation of the traditional pri-
mary screening program based on clinician-collected
samples. To those women who accepted the offer, self-
sampling devices were sent to their homes by regular
mail; the women collected the biological samples and
returned them by regular mail using a prepaid envelope,
since this method appeared to achieve significant return
rates in comparable studies [52]. From January 2021 to
May 2021, trained midwives called by telephone a ran-
domly selected group of women with the last Pap test
dating back to 2017 who should have received the new
screening call in 2020, aged between 31 and 66, enroll-
ing consecutively 500 women who explicitly agreed to
receive the self-collection kit at home.

Page 3 of 12

The women, during the call, received by the mid-
wives an exhaustive explanation of the initiative, with
particular reference to the self-sampling process, sam-
ple shipment and to the management of the informed
consent form included in the kit. Moreover, the women
were provided with a customer care telephone con-
tact dedicated to the project for any further need. The
demographic and clinical data of each patient enrolled
were collected in a proper database with a case-report
form that was filled during the enrollment phone call.
Pregnant women and women with current diagnosis of
uterine, endometrial, vaginal, vulvar or ovarian cancers
were not included in the study.

The self-sampling kits were manufactured by Ulisse
BioMed (Fig. 1) and were composed by: a vaginal swab
FLOQSwabs® validated for self-collection (Copan,
Brescia, Italy) with manufacturer’s instructions of use,
general instructions of the self-sampling procedure,
the informed consent form to participate to the study,
a satisfaction questionnaire containing three questions
about their opinion on the study procedure, and a
prepaid and pre-addressed envelope to return the
sample and the documents by standard postal mailbox
to the laboratory of Anatomia e Istologia Patologica,
Cattinara Hospital, Trieste, Italy.

If women did not sent samples back, one or two
reminders by phone call would have occurred.

Sampling method

As previously mentioned, for this study, a vaginal swab
FLOQSwabs® (Copan, Brescia, Italy) was selected as
a self-sampling device. The FLOQSwab® is a dry, ster-
ile, flocked swab contained in a tube used to store the
sample after collection to transport to the laboratory. The
swab shaft has a red mark to indicate where to hold the
swab during collection following a pictorial self-collec-
tion guide collection guide. The FLOQSwabs® has been
validated for both point of care and home self-collection
for the detection of HPV.

Study procedures
Once the kits were received at their homes, women per-
formed vaginal sample self-collection using sterile dry
flocked swab contained in the kit. According to the man-
ufacturer’s instructions, after collection, the swabs are
stored dry in their own plastic tube, placed in a plastic
bag, packaged and mailed to the hospital together with
filled and signed consent documents and a satisfaction
questionnaire. Upon receiving the samples envelopes, the
hospital laboratory staff registered the arrival date and
time and status of the samples.

To quantify the time between the sample self-collection
and arrival to the laboratory, the signature date written
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in the consent form has been taken into consideration as
“collection date”.

Vaginal self-collected samples were analyzed by HPV
Selfy assay coupled with Ulisse Faster DNA reagent
according kit’s instructions for use (Ulisse BioMed S.p.A,
Trieste, Italy), that allows to perform direct PCR analysis,
thus skipping DNA extraction steps.

To verify the reproducibility over different PCR instru-
ments, the samples were tested twice with HPV Selfy, once
with Light Cycler 480 (Roche Molecular Systems, Pleas-
anton, CA) and once with Quant Studio 5 Real-Time PCR
(Thermo Fisher, USA) instruments.

A portion of all the samples were also analyzed by
cobas® 4800 HPV (Roche Molecular Systems) and by
genotyping test EasyPGX® ready HPV test (Diatech
Pharmacogenetics, Jesi, Italy).

Negative test results were communicated by phone.
In case of positive HPV test result, the midwives called
the positive women and booked a follow-up visit aimed
to perform a traditional clinician-collected cervical sam-
pling successively analyzed by cobas® 4800 HPV, used
in Trieste for primary cervical cancer screening pur-
poses, and by Pap test. If an abnormal Pap test result was
observed during the follow-up, colposcopy was executed.

HPV testing

HPV Selfy is a CE-IVD full genotyping Real-Time PCR-
based HPV screening test capable to detect and perform
single genotyping of 14 High-Risk HPV types (16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68), thanks
to the Ulisse BioMed SAGITTA patented technology,
that allows to perform precise genotyping by means of
melting curve analysis within the same Real-Time PCR
run. The test is at date validated for cervical cancer pri-
mary screening, not only on clinician-collected samples,
according to Meijer’s international guidelines, but also on
self-collected samples, according to the VALHUDES pro-
tocol [32, 33].

Prior to perform the analysis with HPV Selfy, the
dry swab biological samples were resuspended in 2 ml
RNAse- and DNAse-free sterile water, and 80 pl were
pre-treated with Ulisse Faster DNA (Ulisse BioMed,
Trieste, Italy), a pre-treatment reagent that allows to
skip DNA extraction and purification, in order to per-
form the so-called direct PCR, thus saving time and
money. HPV Selfy test includes a human DNA ampli-
fication control (Hemoglobin subunit beta) to evalu-
ate biological sample quality, thereby reducing the risk
of false-negative results [20]. Analysis with HPV Selfy
was performed according to the manufacturer’s pro-
tocol, using Quant Studio 5 (Thermo Fisher Scientific;
Waltham, Massachusetts, United States) and Light
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Cycler 480 (Roche Molecular Systems, Pleasanton, CA)
Real-Time PCR machines.

Cobas® 4800 HPV is a CE-IVD and FDA-approved
fully automated HPV screening test based on Real-
Time PCR amplification for the detection of 14 High-
Risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 66 and 68) and partial genotyping of HPV16 and
HPV18; the assay is validated for clinician-collected
cervical brush samples stored in ThinPrep PreservCyt
Solution (Hologic, Marlborough, Massachusetts, USA).

Samples were also analyzed with EasyPGX HPV kit
(Diatech Pharmacogenetics, Jesi, Italia), for the detection
and genotyping of 14 High-Risk HPV types (16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68) through the
Real-Time PCR amplification of the oncogenes E6 and
E7. For EasyPGX analysis, DNA extraction of the sam-
ples was performed using the MagCore HF16 instrument
(RBC Bioscience, Zhonge, Taiwan), an automated nucleic
acid extractor.

Cervical smear slides were Pap-stained, and histo-tech-
nicians interpreted the results following the Bethesda
2001 classification [53].

Satisfaction questionnaire

Simple questionnaire items assessed participants’ atti-
tudes regarding the offered screening procedure. Atti-
tudes toward the self-collection experience were assessed
by evaluating the process with three questions through
a satisfaction scale from 1 (very low) to 10 (very high).
Questions were adapted from the questionnaire of the
VALHUDES study [54]. An open field was left for women
willing to express possible comments or concerns on the
experience.

Statistical analysis

The agreement between the collection methods were cal-
culated using concordance and discordance rates and the
Cohen’s kappa statistic. The kappa statistic was calculated
to determine the level of chance-agreement between two
methods with a kappa value of 0 indicating no agree-
ment better than chance, a value of 1 indicating perfect
agreement better than chance, and intermediate values
of 0.00-0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80 and >0.81
indicating poor, fair, moderate, substantial and excellent
agreement, respectively [55]. The data were presented in
percentage, mean and standard deviation as appropriate.
P values of <0.05 were taken as statistically significant.
All statistical analyses were performed using the Statisti-
cal Software R (version 3.5.0, http://www.r-project.org).
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Results

Swabs reception and study cohort description

Out of 1500 women aged 31-66 contacted by mid-
wives by phone, 500 agreed to participate in the study
and were enrolled. Over the 500 swabs sent to the
enrolled women, 400 swabs returned to the laboratory
(400/500=80%) (Table 1A).

In particular, 319 swabs were sent back to the hospital
without any reminders. The women who did not send the
sample were called by the midwives for a first reminder: 73
women sent the sample after this first reminder. A second
reminder was done to the remaining women and 8 women
sent the sample after the second reminder. 100 women
never sent back the swab.

Out of those 100 women, 25 women explicitly
communicated their intention to drop-out the clinical
study, after receiving the self-collection kit at home.

Table 1 Description of the study cohort
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Another 7 women out of these 100 women declared
that they never received the self-collection kit at home
(7/100=7.0%). 2 women declared that they sent their
samples back despite they were never received by the
laboratory (2/100=2.0%).

Additional data regarding the women whose swab was
received by the laboratory are described in the Table 1B
and C. 396 out of 400 women had a previous screening
test result that was negative.

Laboratory shipping time

Data regarding the lead time of the swabs are presented
in Table 2. Most swabs were received within 1 week from
the collection date (341/400=85.3%); 32 samples were
received within 2 weeks and 4 were received within 3 weeks.
3 samples were received between 30 and 48 days from the
“collection date’, whereas 20 women (5% of cases) decided

(A) Description of the statistics related to the samples return rate

Number|(500) %
Women who sent the swab 402 804
Swabs never arrived to the lab 2 04
Total swabs received at the lab 400 80.0
Swabs arrived without reminder 319 63.8
Swabs arrived after 1 reminder 73 14.6
Swabs arrived after 2 reminders 8 1.6
Women who did not send the swab 100 20.0
Ofwhich women who decided explicitly to not adhere 25 50
Ofwhich 7 kits were not arrived at home 7 14
Total self-collection kit sent 500 100.0
(B) Age-grouped study cohort
Number|(400) %
Age 31-45 years 3 0.8
46-50 years 98 24.5
51-55 years 124 31.0
56-60 years 133 333
61-66 years 42 10.5
Total 400 100
(C) Previous screening test for the study cohort
Number|(400) %
Previous screening test Before 2017 28 7.0
2017 119 29.8
2018 246 61.5
2019 1 03
2020 1 0.3
2021 1 03
Not available 4 1.0
Total 400 100.0
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Table 2 Description of the statistics related to the sample arrival

time

Sample arrival time to the lab n %
Within 1 week 341 85.3
Within 2 weeks 32 8.0
Within 3 weeks 4 1.0
More than 1 month (30-48 days) 3 0.8
Women who returned personally the swab 20 50
at the health district

Total 400 100.0

Most samples arrived within 1 week at the laboratory

to personally restitute their swab at the lab hospital without
declaring the collection date.

HPV Selfy analysis

We analyzed the 400 returned swabs with Quant Studio 5,
following manufacturer’s instructions; 2 samples were invalid
due to low or null control gene amplification (2/400=0.5%).
Out of 398 valid samples, 364 samples were HPV-negative
(364/398=91.4%), whereas 34 samples were HPV-positive
with at least one type of High-Risk HPV (8.5%), being HPV
prevalence similar to that reported in previous literature
[32]. We found 5 HPV co-infections (double infections) and
29 single infections. Frequency of each genotype is reported
in Table 3. Surprisingly we observed that the most frequent
HPV type was HPV68 (15.4%, 6 infections), followed by
HPV16 (12.8%, 5 infections). The HPV68-positive samples
were, for further assurance, confirmed as HPV68-positive by
EasyPGX HPV genotyping kit.

Table 3 Genotyping performed by HPV Selfy in the study cohort

HPV genotype n %

HPV 68 6 154
HPV 16 5 12.8
HPV 58 4 103
HPV 66 4 103
HPV 52 4 103
HPV 56 4 10.3
HPV 31 3 7.7
HPV 59 3 7.7
HPV 45 2 5.1
HPV 18 2 5.1
HPV 33 1 26
HPV 39 1 26
HPV 35 0 0.0
HPV 51 0 0.0
Total 39 100.0

HPV68 was the most frequently observed HPV type among 39 infections,
followed by HPV16
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To evaluate the assay inter-device reproducibility,
we performed a second run of the HPV Selfy test on
another instrument, the Light Cycler PCR machine: 3
invalid samples were found (3/400=0.75%), of which
two were the same invalid samples detected by Quant
Studio 5. Therefore, 397 samples were considered for
the comparison. Agreement between the paired results
obtained over the two machines was 99.5% (Cohen’s Kappa
0.97: 95% CI 0.92-1.00—almost perfect agreement),
demonstrating high grade of reproducibility of the assay
(Additional file 1: Table S1).

Comparison with other tests

The 400 swabs were also analyzed by cobas® 4800 HPV
assay: 4 samples tested with this method were found inva-
lid by Cobas (4/400=1%), of which 1 was found invalid
also by HPV Selfy performed on Quant Studio 5. cobas®
4800 HPV detected 372 negative cases (372/396=93.9%)
and 24 HPV-positive cases (24/396=6%), 10 fewer than
HPV Selfy.

In order to compare HPV Selfy with cobas® 4800 HPV
results, we considered 395 samples that were valid for both
assays, showing a total agreement of 95.9% (Cohen’s Kappa
0.70: 95% CI 0.56—0.85—substantial agreement) (Table 4).
Thus, 16 samples gave discordant results using the two dif-
ferent assays. We decided to re-test those discordant cases
with a third CE-IVD genotyping test, the EasyPGX HPV
assay. Out of 16 discordant cases, we found 10 cases that
were in agreement with HPV Selfy results (10/16=62.5%),
whereas 6 were in agreement with Cobas (37.5%). These
10 cases, where EasyPGX HPV kit results agreed with
HPV Selfy ones, were negative to Cobas. The re-test with
EasyPGX determined that these 10 cases were true HPV-
positive. As a result of the correction of the Cobas outcome
with the EasyPGX re-test, discordant samples went from 16
to 6, implying an adjusted concordance of 98.5% (almost per-
fect agreement, Kappa Cohen 0.90).

Table 4 Comparison between HPV Selfy and cobas® 4800 HPV
in the study cohort (n=395)

Cobas® 4800 HPV HPV Selfy Total
HR-HPV HR-HPV
negative positive
HR-HPV negative Negative 358 13 371
HR-HPV positive Positive 3 21 24
Total 361 34 395

395 self-collected samples were tested with HPV Selfy according to the
manufacturer’s protocol, as well as with cobas® 4800 HPV. Total agreement
(95.9%) was raised to 98.5% after adjustment with third test CE-IVD test result on
the discordant population
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Follow-up of HPV-positive women

34 women tested positive with HPV Selfy were called for
a follow-up visit at the health district for a cervical brush
sampling by midwives to perform Pap test and to re-test
HPV with cobas® 4800 HPV assay with the proper speci-
men meant to be used by cobas® 4800 HPV according to
its intended use.

Out of 34 recalled women, 33 showed up to the health
district for the gynecological visit, where a cervical brush
sample was collected by the midwives and stored in Thin-
Prep PreservCyt solution.

These samples were analyzed by Pap test and cobas®
4800 HPYV assay.

Out of 33 analyzed samples, 9 samples were HPV-negative
with Cobas and 24 were HPV-positive.

Over the same 33 women, we obtained 21 positive women
when cobas® 4800 HPV assay was performed on vaginal
self-collected samples; and 24 positive women when cobas®
4800 HPV assay was performed on clinician-collected cervi-
cal specimen.

Consequently, the number of discordant samples
between cobas® 4800 HPV assay and HPV Selfy was
reduced from 13 to 10, demonstrating that the assays
are more trustable if used on the sample type indicated
in their intended use. Regarding the 9 discordant cases
(HPV-positive with HPV Selfy on self-collected samples,
and HPV-negative with cobas® 4800 HPV on clinician-
collected cervical specimen), the clinician-collected cer-
vical specimen were retested with EasyPGX® ready HPV
test, according to its intended use, and 6 out of 9 retested
samples resulted HPV-positive confirming the result pre-
viously obtained with HPV Selfy on self-samples (30/33;
adjusted agreement 90.9%).

On the same 33 samples we performed also cytol-
ogy analysis through Pap test: we found 8 Low-grade
Squamous Intraepithelial Lesions (LSIL) cases (LSIL,
8/33=24.2% of cases; 8/400=2% of samples received),
all detected as HPV-positive with HPV Selfy on self-col-
lected samples as well as with cobas® 4800 HPV assay on
clinician-collected samples.

However, 2 out of 8 LSIL cases (25%) were negative
with cobas® 4800 HPV assay performed on self-collected
samples, out of its intended use, thus further confirming
the importance to use tests clinically validated on self-
collected samples in order to perform screening self-test
at home (Table 5).

All the LSIL-positive women were subjected to colpos-
copy obtained a negative result, thus a 1-year follow-up
was scheduled for them.

Evaluation of women’ satisfaction
Enclosed within the kit, a survey form with three simple
questions regarding the screening project based on
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Table 5 Comparison between HPV Selfy and cobas® 4800 HPV
in the LSIL subpopulation (n=8)

cobas® 4800 HPV HPV Selfy Total
HR-HPV HR-HPV
negative positive
HR-HPV negative Negative 0 2 2
HR-HPV positive Positive 0 6 6
Total 0 8 8

HPV Selfy was able to detect all women later diagnosed with LSIL based on their
self-collected sample, whereas cobas® 4800 HPV performed on the same sample
failed to detect positive 2 of the LSIL diagnosed women (25%)

self-collection was administered to the participants. To
each question, the women could provide a satisfaction
indicator, ranging from very low (1) to very high (10).
Overall women appreciated the project proposal very
much, with 9.01 average (Fig. 2). The answers to each
question are summarized into Fig. 2.

Discussion

HPV testing on home self-collected vaginal specimens is
an effective primary cervical cancer screening method,
valuable both to recruit non-responders and to screen
the entire relevant screening population. HPV screen-
ing based on self-collection of dry swabs indeed could be
advantageous since (i) the self-collection-based screen-
ing does not require specialized personnel for the collec-
tion step, thus simplifying the organization and lowering
the costs; (ii) it could reach women who do access the
gynecological visit by cultural, religious, psychological or
other social barriers; (iii) it ensures to achieve equivalent
performance compared to cervical collection, if the HPV
test method is specifically validated for this purpose. In
addition, recent studies showed that more extensive self-
collection in the anogenital area (especially in the anal
zone) could even allow detection of HPV reservoirs that
could have an impact on cervical and not-cervical HPV-
cancer development [56—58].

We showed that HPV Selfy, a test validated for pri-
mary screening purposes according to Meijer’s guidelines
and specifically validated also on self-collected samples
according to VALHUDES protocol [32, 33], has an overall
higher diagnostic performance (intended as higher sen-
sitivity and specificity) than off-label use of assays that
have not self-collection in their intended us.

Moreover, HPV Selfy generated a lower number of
inadequate samples (i.e., 50%: 0.5% invalid samples for
HPV Selfy vs 1% invalid samples for cobas® 4800 HPV
assay), possibly because HPV Selfy assay was specifically
optimized for self-collected samples and had this claim
in its intended use, while Cobas had not [32, 33, 59]. By
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Answer
Questions
nr Responses (%) Mean Median No answer
ave Vou appreciate > self-sa ing sedure offere ou?
Have you appreciated the self-sampling procedure offered to you 369 (92%) 9.06 10.00 31 (8%)
(1: not at all; 10: very much)
How was self-collection to do?
N0/ %

(1: very difficult; 10: very simple) 366 (92%) 8.89 1% 34 (856)
How was the sample shipment through postal mailbox? o

= % . 10.00 %
(1: very difficult; 10: very simple) 363 (1%) 910 37 (%)

Fig. 2 Summary of the questionnaire’results regarding this study. Women expressed very favorable consent toward self-sampling-based cervical

cancer screening approach

means of HPV Selfy, we were able to correctly identify
and follow-up 8 LSIL cases corresponding to 2% of the
400 enrolled women who returned the swabs. As the
study showed, the use for self-testing at home of a test
not validated on self-collected samples would lead to
miss 2 LSIL-positive cases (corresponding to 25% of the
total LSIS cases).

These results further encourage the effectiveness and
feasibility of a “self-collection at home” based cervical
cancer screening program.

However, implementation of self-sampling as a pri-
mary cervical cancer screening collection method needs
to consider the return rate as an essential parameter to
evaluate cost-effectiveness of the procedure.

Indeed, if on one hand self-sampling would reduce the
costs of cervical screening as it obviates the need of clini-
cian-performed cervical specimen collection at the health
districts, on the other side, however, self-sampling stud-
ies usually show modest return rate of the swabs, meaning
that under an opt-out system only a modest percentage of
the swabs could be sent back to the lab. Thus, healthcare
policy makers should take into consideration, under an opt-
out system, the cost of the deployment of a high number
of home-collection kits with a possible low participation
rate. Notwithstanding, countries with the most developed
screening program, such as the Netherlands or Australia,
are already adopting self-testing at home under an opt-out
system as the main primary cervical cancer screening sam-
ple-collection method [16, 51].

A recent review compared the different invitation strate-
gies for self-sampling and results, ranging from very scarce
(6.4% of an opt-out study in Sweden) up to very high return
rate (39.0% of opt-in study in Sweden, as well as 39.1% of
opt-out study in Finland), show that there is not a signifi-
cant difference among invitation methods, although it has
to be underlined that the studies were different in the setup
(invitation modalities; delivery and restitution modalities..),
in the sampling devices (cervical brushes, vaginal swabs,
vaginal veils, urine collectors, etc.), in the sociodemographic
and economical background of the investigated popula-
tion and, most importantly, in the communication strategy
(type of information and instructions for use provided with

the self-collection kit, local involvement and communica-
tion, digital communication, etc.) [60, 61]. A recent meta-
analysis that analyzed 33 clinical trials concluded that opt-in
strategies were less effective than send-to-all strategies [62],
although many other studies did not find a significant dif-
ference between the strategies in terms of return rate [for
instance 43 and 63]. It is evident that a clear-cut consensus
has not yet built up in the scientific literature, the final deci-
sion on which strategy to undertake on a certain population
should be based on appropriate cost-effectiveness studies
that consider the local context and resources of the studied
population. With the present study based on an adapted opt-
in system, instead, we showed that it is possible to achieve
high cost-effectiveness as well as a method with an extremely
high rate of success, intended as return rate (80%, the highest
described in the literature at date, that doubles the previous
highest return rates measured—39% described in an opt-out
study in Finland [20] and 39.1% described in a opt-in study
in Sweden [25]). The adopted opt-in system allowed to save
important resources and to send the home-collection kit
only to those women who expressed an explicit consent over
the proposed screening participation method.

A possible bias of this result could be due to the fact
that we selected women who had at least a screening test
in their life (so we focused on a more responsive popu-
lation by excluding the non-attendee’s population), how-
ever, it has been previously shown that also screening
attendees, expressed their preference for self-sampling
compared to clinician-based sampling [32], alike most
non-responders. Thus, we could partially explain the
observed high return rate because of the implemented
opt-in system based on an individual pre-screening
phone call, that allowed us to deliver the kits only to the
women who expressed their willingness to participate to
a self-sampling-based screening, thus, making the pro-
cess more efficient and targeted.

Other possible factors leading to this result include the
fact that we provided a user-friendly home-collection kit,
with clear instructions for use, and the entire study was
done with a simple returning method (i.e., shipment via
the postal mailboxes, widely diffused over the territory
and accessible with the maximum privacy and any time,
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using a prepaid and pre-addressed envelope). Finally,
we also provided a dedicated customer care telephone
contact to the women, to provide them any required
assistance.

Next step will be to enlarge and further validate the
established opt-in protocol also to non-responders’ pop-
ulation, aiming to increase the screening participation
even among those hard-to-reach women.

Conclusions

In this clinical study performed on 500 enrolled women,
we verified that HPV Selfy test is a suitable assay for pri-
mary cervical cancer screening programs based on self-
collection performed at home. Thus, we confirmed that
the clinical performance of HPV Selfy executed on self-
collected vaginal samples is higher than the performance,
on the same self-collected samples, of assays that do not
have self-collection in their intended use, therefore, con-
firming that the HPV Selfy test is suitable to be used in
primary cervical cancer screening programs based on
self-sampling.

We also demonstrated that the opt-in system we set up
was effective and provided a very high return rate, con-
firming that this system could be used to increase non-
responders’ participation rate to screening, and that by
the time could be used as the main primary cervical can-
cer screening collection method.
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