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Abstract

Background: Cervical cancer ranks among the most prevalent tumors in low-income
countries, with the Pap test as one of the primary screening tools. The Pap smear detects
abnormal cells, the CLART test identifies specific HPV genotypes, and HPV self-sampling
allows for self-collected HPV testing. This study aimed to evaluate the feasibility of the
first smartphone-based health device for home-collection HPV testing. Methods: Enrolled
patients during the gynecological examination underwent three different samplings: Pap
smear, HPV DNA genotyping test CLART, and vaginal HPV-Selfy swab. Each patient re-
ceived a kit including an activation code, vaginal swab, and instructions. After performing
the self-sample, patients returned the kit to our laboratory. Both the samples collected by the
gynecologist and those collected by the patients themselves were analyzed. Results: A total
of 277 patients were enrolled, with 226 self-collected swabs received for analysis. The assay
yielded valid results for both self-collected and clinician-collected swabs in 190 patients.
When comparing these results with paired clinician-taken vaginal swabs, we observed an
agreement of 95.2% (Cohen’s Kappa: 0.845). We report an agreement of 93.7% (Cohen’s
Kappa: 0.798). Conclusions: The study demonstrated the feasibility of HPV-Selfy as a
complementary tool in cervical cancer screening, especially where adherence to traditional
surveillance is low.

Keywords: HPV; human papillomavirus; self-sampling; screening; cervical cancer;
self-screening
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1. Introduction
Cervical cancer ranks as the fourth most common neoplasm and the fourth lead-

ing cause of cancer-related mortality among women worldwide, with approximately
604,127 new cases and 341,831 deaths reported in 2020 [1]. The distribution of cervical can-
cer varies widely, with over 85% of the global burden occurring in low- and middle-income
countries [2].

The role of human papillomavirus (HPV) as a causative agent in cervical precancerous
lesions and cancer has been firmly established both epidemiologically and biologically.
While HPV infection is essential, it is not sufficient for the development of cancer; other
factors such as multiparity, host immune response, hormonal influences, and cigarette
smoking also contribute significantly [3]. Based on these findings, the World Health
Organization (WHO) recommends implementing either of the following strategies for
cervical cancer prevention among the general population of women:

• HPV DNA detection in a screen-and-treat approach, commencing at the age of 30 years,
with regular screening every 5 to 10 years.

• HPV DNA detection in a screen, triage, and treat approach, also starting at the age of
30 years, with regular screening intervals of 5 to 10 years.

Additionally, the WHO suggests HPV self-sampling as an adjunct screening method.
Conventional cervical cancer screening methods, such as Pap smear and clinician-collected
HPV testing, are highly effective but often limited by barriers such as patient discomfort, lo-
gistical challenges, and dependency on healthcare infrastructure. In contrast, self-sampling
approaches, particularly those integrated with mobile health (mHealth) technologies, pro-
vide a private, convenient alternative and have demonstrated potential to improve screen-
ing coverage, especially in under-screened populations [4,5].

Self-sampling for HPV DNA has proven effective in detecting cervical cancer and
is generally well-received by end-users. Indeed, most studies have demonstrated that
self-sampling is highly acceptable for HPV testing, irrespective of study location, sampling
method, device, setting, or participant demographics. In the majority of cases, women
preferred self-sampling for HPV DNA testing over clinician sampling [3,6–19]. When given
the choice between self-sampling at home or in a clinic, most women expressed a preference
for home collection. However, a common limitation in home-collection acceptance is
women’s lack of confidence in the accuracy of self-sampled specimens, reported in studies
conducted in both high- and low-income settings [20,21]. Women generally exhibited
greater confidence in clinicians’ ability to collect specimens accurately. Providing clear
instructions or visual aids could help reassure women about performing self-collection at
home [22]. Mobile health (mHealth) interventions could play a pivotal role in addressing
these concerns. Smartphones, as widely available portable devices, are used globally by
over 6.2 billion people as of 2021 [23].

Smartphone-based applications may support patients in self-collection and follow-up,
particularly in remote rural areas and developing regions. In the context of HPV self-
sampling, a smartphone app could offer additional support to women throughout the
sample collection process, as well as in result delivery and subsequent follow-up. While
mobile apps have been developed to raise awareness about HPV infection or promote HPV
vaccine uptake, no app currently supports primary screening [24–26]. This study aimed to
evaluate the feasibility of the first smartphone-based mHealth device for home-collection
HPV testing.
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2. Materials and Methods
2.1. Study Design

This prospective observational case–control study was conducted at the Fondazione
Policlinico Universitario Campus Bio-Medico of Rome. The study adhered to the principles
outlined in the Declaration of Helsinki and received approval from the Institutional Re-
view Board of University Campus Bio-Medico of Rome (protocol code n. 73/18 approved
on 18 December 2018). Female patients attending the gynecology outpatient clinic, aged
between 18 and 65 years, who owned a smartphone and expressed willingness to partici-
pate, were included after providing informed consent. Pregnant women, those currently
diagnosed with uterine, endometrial, vaginal, vulvar, or ovarian cancers, and individuals
using vaginal ovules, creams, or undergoing vaginal douching, sexual intercourse, or men-
struation within three days prior to the examination, verified by checking medical records,
were excluded from the study. Patients who did not return the vaginal swab collected at
home through self-sampling were excluded from the statistical analysis.

Following enrollment and consent, patients underwent a gynecological visit where
their medical history was collected. Subsequently, women underwent two vaginal sam-
plings performed by the clinician: one using FLOQSwabs® (by Copan Italia S.p.A, Brescia,
Italy) (the same swab provided in the home-collection kit) and another using traditional cer-
vical sampling with a brush stored later in Thin Prep PreservCyt® (Hologic BV, Zaventem,
Belgium) medium for concurrent Pap smear and HPV DNA testing.

During gynecological counseling, women received a comprehensive explanation of
the initiative and were provided with a home-collection kit manufactured HPV Selfy® (by
Ulisse Bio-Med S.p.A, Basovizza, Italy). The kit included a self-collected vaginal swab
(FLOQSwabs® by Copan Italia S.p.A, Brescia, Italy) with instructions for use, general
procedure instructions, an activation code, and username/password to access the mobile
web application, as well as an envelope for sample shipment (which included pre-marked
shipment envelopes for traditional mailing and a prepaid shipment letter to be deposited at
the nearest TNT® Drop-point). Pap test results were communicated and sent to all enrolled
patients, regardless of whether they had collected the sample at home and registered the
kit online.

2.2. Home Self-Sampling

At home, women performed self-sampling of vaginal secretions. Through the web
app, they could access a step-by-step tutorial on the self-sampling procedure. Subsequently,
they were required to return the samples to the hospital, following the tutorial instructions
provided on the digital platform. This involved both delivering the samples to a drop-
point (TNT®) and using a traditional mailbox. Upon receipt of the envelopes at the
hospital, the time of arrival and the status of the samples were recorded. In the event of
a positive HPV DNA test and/or a positive Pap test result, the patient received an email
with instructions to contact the gynecologist for an appointment to receive her results and
discuss the appropriate follow-up steps. Patients were also asked to provide feedback on
their experience using the platform, including whether they encountered any difficulties
and whether the instructions provided were sufficient to facilitate the activation of the kit
and the self-collection process.

2.3. HPV Testing

According to the manufacturer’s instructions, both self-collected and clinician-
collected vaginal samples underwent testing using the HPV Selfy® assay (by Ulisse Bio-Med
S.p.A, Basovizza, Italy). HPV Selfy® is a CE IVD real-time full genotyping PCR-based
screening test capable of detecting and genotyping 14 high-risk HPV types (16, 18, 31, 33,
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35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) in a single real-time PCR reaction. The test has
been validated for screening purposes not only on clinician-collected samples but also on
self-collected samples in accordance with international guidelines [27]. Prior to HPV Selfy®

testing, samples underwent pre-treatment with Ulisse Faster DNA (by Ulisse Bio-Med
S.p.A, Basovizza, Italy), a reagent that allows for the omission of DNA extraction and
direct loading of raw samples into the PCR reaction after a brief pre-treatment, thereby
saving time and costs. The HPV Selfy® test includes a human DNA amplification control
(Hemoglobin subunit beta) to assess sample quality, thereby reducing the risk of false-
negative results. Analysis was conducted following the manufacturer’s protocol, utilizing a
QuantStudio 5 Dx Real-Time PCR machine (Thermo Fisher Scientific; Waltham, MA, USA).

Cervical specimens were analyzed using a CE-IVD test capable of genotyping high-
and low-risk HPVs: CLART HPV 2 ® (Genomica, Madrid, Spain) (CLART). CLART detects
14 high-risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) as well as 21
low-risk and probable high-risk HPV types (6, 11, 40, 42, 43, 44, 54, 61, 62, 70, 71, 72, 81, 83,
84, 85, 89, 26, 53, 73, and 82) using PCR amplification followed by a microarray hybridiza-
tion assay. Cervical smear slides were Pap-stained, and histotechnicians interpreted the
results following the Bethesda 2001 classification [28].

2.4. Statistical Analysis

Demographic and clinical data for each enrolled patient were collected using a case
report form and stored in a database using Excel® version 13.0 for Windows. Data analysis
was conducted exclusively on patients who performed self-sampling at home and returned
the samples. Among these patients, only those whose samples were deemed readable due to
correct self-collection were included in the evaluation. A resulting p-value was calculated
as an indicator of significance, with α set at 0.05. Statistical analysis was performed
using MedCalc Statistical® Software version 16.4.3 and GraphPad Prism® version 7.00 for
Windows. Cohen’s Kappa index was employed to assess agreement between different
tests [29]. A minimum of 186 patients was determined as necessary to achieve statistical
significance in this study, calculated based on 95% power to detect a significant difference
in the two sampling methods at a 5% significance level. Accounting for a dropout risk of
33%, a total of 277 patients were enrolled to maintain the study’s statistical power.

3. Results
From January to July 2019, 277 patients were enrolled at Fondazione Policlinico Uni-

versitario Campus Bio-Medico of Rome, of which 226 completed the study by successfully
sending back the sample (226/277 = 81.6%), whereas 51 women did not (51/277 = 18.4%)
and were excluded from the final analysis. The main clinical and demographic characteris-
tics and patient compliance are reported in Table 1.

The study flow diagram is reported in Figure 1.
Among the 226 women who correctly completed the procedure, 196 women (86.7%)

shipped the kit back through the traditional mailbox, while 30 women (13.3%) used the
drop-point courier service. The average time from kit activation to final delivery at the
hospital was 2 days for the drop-point courier group, with a minimum of 1 day and a
maximum of 4 days. For the traditional mailbox group, the average time was also 2 days,
with a minimum of 1 day and a maximum of 13 days. Seventy-five percent of samples
were received within 3 days from activation. For the study, we considered 190 paired
samples that provided valid results in all four analyses performed: Pap test and CLART
test on clinician-collected vaginal swabs, as well as the self-sampling tests on both clinician-
collected and home-collected vaginal swabs. The results of HPV testing were analyzed
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for positivity to high-risk HPV strains, and corresponding results along with genotyping
information of the detected strains are presented in Table 2.

Table 1. The main clinical and demographic characteristics, and patient compliance in the sending
back of samples and activation of the kit.

Patients N (%)

Age (Mean ± SD) 36.89 ± 13.22
BMI

<18.5, n (%) 16 (7.1)
18.5–24.9, n (%) 146 (64.6)
>25, n (%) 50 (22.1)
N.A., n (%) 14 (6.2)

Number of pregnancies, (Mean ± SD) 1.10 ± 1.34
Menopause, n (%) 20 (8.8)
Oral contraceptive, (Mean ± SD) 39 (17.3)
Smoking

-Smoker, n (%) 14 (6.2)
-Non-Smoker, n (%) 212 (93.8)

HPV Vaccination
-Not vaccinated 190 (84.1)
-Vaccinated 36 (15.9)

-Cervarix® 7 (19.4)
-Gardasil-4® 26 (72.2)
-Gardasil-9® 2 (5.6)

Education level
-Middle school certificate, n (%) 23 (8.3)
-Higher education, n (%) 111 (40.1)
-University degree, n (%) 121 (43.7)
-Not indicated, n (%) 22 (7.9)

Sample sent back for analysis:
-unsuccessful, n (%) 51 (18.4)
-successful, n (%) 226 (81.6)

-Traditional mailbox 196 (86.7)
-Courier company 30 (13.3)

Digital activation of Kit
-Unsuccessful activation, n (%) 62 (22.4)
-Successful activation, n (%) 215 (77.6)

-Immediately 165 (77)
-Within 7 days 39 (18)
-Between 8 and 18 days 11 (5)

BMI, body mass index; N, number; HPV, human papillomavirus.

When comparing the results of the self-sampling test performed on self-collected swabs
with the same assay conducted on paired clinician-taken vaginal swabs, we observed an
agreement of 95.3% (Cohen’s Kappa: 0.845). This indicates that neither shipping method sig-
nificantly affects the test results. Furthermore, when comparing the self-collection method
with the CE-IVD test (CLART) performed on the same clinician-collected vaginal specimen,
we found substantial agreement between the two methods, with a total agreement of 93.7%
and Cohen’s Kappa coefficient of 0.798 (see Table 3).
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Figure 1. Trial profile.

Table 2. Analysis of the three different swabs and the corresponding HPV-HR strains.

Self-Sampling
Vaginal Swab
(N = 190)

Medical Sampling
Vaginal Swab
(N = 190)

CLART
(N = 190)

HPV-HR positivity 33 (17.4) 38 (20) 36 (18.9)
HPV-negativity 157 (82.6) 152 (80) 154 (81.1)
Coinfected HPV 10 11 18

Genotype of HPV-HR
-Type 16 6 (3.1) 8 (4.2) 5 (2.6)
-Type 18 0 (0) 1 (0.5) 0 (0)
-Type 31 8 (4.2) 10 (5.2) 7 (3.7)
-Type 33 0 (0) 0 (0) 1 (0.5)
-Type 35 0 (0) 0 (0) 0 (0)
-Type 39 5 (2.6) 4 (2.1) 1 (0.5)
-Type 45 1 (0.5) 1 (0.5) 1 (0.5)
-Type 51 4 (2.1) 5 (2.6) 5 (2.6)
-Type 52 3 (1.6) 2 (1.0) 3 (1.6)
-Type 56 3 (1.6) 3 (1.6) 1 (0.5)
-Type 58 8 (4.2) 7 (3.7) 8 (4.2)
-Type 59 2 (1.0) 2 (1.0) 2 (1.0)
-Type 66 4 (2.1) 5 (2.6) 9 (4.7)
-Type 68 2 (1.0) 3 (1.6) 0 (0)

Coinfected HPV: defined as detection of two or more high-risk HPV genotypes in the same sample; HPV, human
papillomavirus; HPV-HR, high-risk human papillomavirus.

Table 3. Diagnostic performance of different vaginal swab methodologies compared.

CLART 1 vs. HPV Selfy 1 CLART 1 vs. HPV Selfy 2 HPV 2 vs. HPV Selfy 1

Sensitivity 86.1% (95%CI: 70.50–95.33%) 77.8% (95%CI: 60.85–89.88%) 81.5% (95%CI: 65.67–92.26%)
Specificity 95.4% (95%CI: 90.86–98.15%) 96.8% (95%CI: 92.59–98.94%) 98.7% (95%CI: 95.33–99.84%)
Accuracy 93.7% (95%CI: 89.23–96.69%) 93.2% (95%CI: 88.58–96.31%) 95.3% (95%CI: 91.20–97.81%)

PPV 81.6% (95%CI: 67.97–90.24%) 84.8% (95%CI: 69.91–93.10%) 93.9% (95%CI: 79.51–98.41%)
NPV 96.7% (95%CI: 92.87–98.52%) 94.9% (95%CI: 90.99–97.17%) 95.5% (95%CI: 91.65–97.67%)

K Cohen 79.9% (95%CI: 68.90–90.80%) 77.0% (95%CI: 65.10–88.90%) 84.4% (95%CI: 74.60–94.30%)
OA agrement 93.7% 93.2% 95.0%

HPV, human papillomavirus; NPV, negative predictive value; OA, overall; PPV: positive predictive value.
1 Performed by the clinician, 2 self-collected at home.
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Overall, we identified 27 cases of HPV coinfections (double infections) and 39 single
infections. The frequency of each genotype is detailed in Table 2, with the most prevalent
HPV type being HPV 66 (10 infections), followed by HPV 58 (9 infections). As previously
mentioned, patients in this study also underwent a Pap smear test during their visit. Of the
190 samples correctly analyzed, 25 yielded abnormal results (13.1%): 15 cases of ASCUS
and 10 cases of LSIL. Among the 25 patients with abnormal Pap smear results, 16 (64%)
also tested positive for HPV infection: 6 ASCUS patients exhibited HPV infection (4 with
high-risk HPV and 2 with low-risk HPV), while 9 LSIL patients had HPV infection (7 with
high-risk HPV and 2 with low-risk HPV). Among the 165 patients with normal Pap smear
results, 38 (23%) also had an HPV infection (24 with high-risk HPV and 14 with low-risk
HPV). Notably, among vaccinated patients, none tested positive for the serotypes targeted
by the vaccine; however, 4 out of 36 vaccinated patients (11.11%) tested positive for high-risk
HPV types (HPV 31, HPV 51, HPV 56, and HPV 59) not covered by the vaccination.

Regarding the satisfaction questionnaire, 90 out of 190 patients (47.4%) completed it.
Of these, 60 (66%) reported that the self-sampling test was easy to perform, 80 (88%) found
it less painful than the clinician-performed test, and 61 (67%) preferred the self-sampling
method over the conventional test. Additionally, patients provided feedback on the general
procedure of the screening project based on self-collection, rating their satisfaction on a
scale from very low (1) to very high (10). On average, women rated the project proposal
highly, with an average satisfaction index of 9.01. Furthermore, most women appreciated
the support provided by the smartphone web app, with 72.9% describing it as “simple”
and 22.1% as “user-friendly”.

4. Discussion
Cervical cancer ranks as the fourth most common cancer affecting women worldwide,

and despite the introduction of vaccines, screening remains the primary form of preven-
tion [30]. The Pap smear test continues to be the most widely used screening tool [31].
While HPV testing does not detect morphological alterations, it has become an integral
part of clinical guidelines for cervical cancer screening in many countries [32]. However,
the effectiveness of cytological and HPV screening relies heavily on participation, and most
cervical carcinomas occur in women who do not undergo regular testing or have never been
screened [33–35]. Therefore, increasing screening coverage is essential [35,36]. Reduced
screening participation often stems from factors such as discomfort or embarrassment re-
lated to gynecological examinations, low education levels, and logistical challenges [37,38].
Moreover, in developing countries, a lack of resources and trained personnel often limits
cancer prevention efforts to screen-and-treat approaches [39–41]. The use of a self-sampling
test, as utilized in this study, could facilitate the detection of high-risk HPV genotypes
and improve screening coverage [42]. To address low patient confidence in using self-
screening tools, we propose several strategies: integrating step-by-step video tutorials and
clear visual aids in the smartphone application, enhancing the user interface to provide
real-time feedback and reassurance, and establishing remote support systems (e.g., live
chat or helplines) to guide users through the process. Such interventions have been shown
to improve user trust and engagement in similar mHealth initiatives [39,40].

Previous studies on self-sampling methods have evaluated both the sensitivity and
accuracy of samples collected by patients compared to those collected by physicians [4].
Some studies have shown that self-sampling is more effective than reminder letters for Pap
tests among patients who do not participate in regular cervical screening programs [5,43].
In our study, we observed excellent agreement between patient-collected and physician-
collected samples, consistent with findings from other studies [5,44]. Despite this, most
tests for detecting viral DNA rely on samples collected by clinicians and are not designed
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for self-use [45]. Our study demonstrated very good adherence to self-collection screening,
with 226 out of 277 patients (81.58%) participating, even though the patients had already
undergone molecular and cytological screening in the hospital. This high participation rate
may be partially attributed to the simplicity of the procedure and the support provided
by the smartphone web app, as indicated by the questionnaire results. However, it is
important to note that potential bias may exist, as the enrolled women were mostly aware
of the importance of regular check-ups for cervical cancer prevention. Moreover, the high
participation rate in this pilot study may limit generalizability to populations with lower
health literacy. Compliance was particularly high among patients with higher levels of
education (diploma or degree), reaching 91.46%. These findings are consistent with a
study conducted by Smith et al. in 2014 in Canada, which demonstrated the importance of
awareness and education levels in screening program participation [46]. Although digital
support tools can enhance adherence, the implementation of smartphone-assisted self-
sampling programs may involve additional costs related to app development, maintenance,
and user training. Moreover, limited digital literacy or lack of access to smartphones in
certain populations could pose barriers to widespread adoption. These considerations
are crucial when planning population-based interventions, especially in low-resource
settings. Successful implementation would require not only technical infrastructure, but
also organizational coordination with existing healthcare services to ensure follow-up of
positive results and integration into national screening pathways.

Importantly, in our study, all vaccinated patients tested negative for the viral genotypes
included in the vaccines. However, 11.1% of vaccinated patients still had infections with
other HPV genotypes not covered by the vaccine, highlighting the importance of screening
participation for vaccinated women and the value of information derived from screening
tests with single-HPV full genotyping capability. Consistent with the FUTURE II Study
Group findings, vaccination against HPV is highly effective (98%) in patients who have
never been exposed to the virus, particularly for the HPV16 and HPV18 types under
study [47]. However, vaccine efficacy appears to be lower (44%) in patients with existing
intraepithelial lesions (CIN) from HPV16 and HPV18 at the time of vaccination or who are
already infected with these genotypes [47].

The high adherence of patients to our study may be attributed in part to the less
invasive nature of the self-sampling test, which is well tolerated and highly approved by
patients. Consistent with findings from Nishimura et al., our study showed that most
patients prefer self-sampling over clinician-performed tests due to its reduced invasiveness,
pain, and the ability to perform the test privately without anxiety or embarrassment [22,48].
However, some patients expressed a preference for tests performed by specialists due to the
clinician’s expertise in sample collection. Additionally, according to Howard et al., some
patients prefer clinician-performed tests for the convenience of combining the test with a
gynecological visit [21].

Despite the advantages observed, the self-sampling approach also presents practical
limitations that must be carefully considered before broad implementation. In particular,
the success of the procedure relies on the patient’s ability to correctly follow instructions and
collect an adequate sample, which may be compromised in individuals with limited digital
skills, cognitive impairments, or low health literacy. Poor sample quality or unsuccessful
procedures could reduce the reliability of test results, undermining the effectiveness of
screening programs. For this reason, self-sampling should ideally be offered to women
who are able to fully understand and correctly perform the procedure, possibly supported
by clear and accessible educational materials, user-friendly interfaces, and, when needed,
professional assistance. Tailoring communication strategies and providing optional in-
person or remote guidance could help ensure the equity and effectiveness of self-sampling
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initiatives across different population groups. The integration of these approaches into
organized screening programs, supported by cost-effectiveness evaluations and real-world
implementation studies, will be key to ensuring their long-term sustainability and impact.

5. Conclusions
The results of our study, aimed at analyzing the performance of HPV Selfy compared

to the CLART method, demonstrated excellent agreement between the two. This suggests
that HPV Selfy can effectively complement traditional screening methods, particularly in
settings where adherence to surveillance is suboptimal. Future research should address
cost-effectiveness and long-term adherence in broader population settings.
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