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Abstract

Raffaele La Porta, Department of Clinical

Pathology, AST Pesaro-Urbino, Urbino,
Background: Hepatitis C virus (HCV) infection is the leading cause of chronic liver Italy

disease worldwide. In 2016, the World Health Organization (WHO) launched a global-
screening initiative aimed at eliminating HCV as a public health threat by 2030. In Italy,
the national screening program targeted all people born between 1969 and 1989. This
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study reports on an HCV screening program conducted within the population served by Submitted: 08 January 2025
AST Pesaro-Urbino of the Marche region, central Italy. Accepted: 27 January 2025
Methods: This prospective study was conducted within the AST Pesaro-Urbino, Published: 31 January 2025
following the launch of an HCV screening campaign in July 2023. The program targeted Copyright: © 2025 La Porta R, et al.
all individuals born between 1969 and 1989. Between August 2023 and July 2024, all Eigtgz;ted under Creative Commons CC-BY

subjects were submitted to anti-HCV tests, and those testing positive were subsequently

tested for HCV-RNA test.

Keywords
Results: Six blood collection centers participated in the HCV screening campaign.
» 1969-1989 birth cohorts
A total of 12.4% of the target population born between 1969 and 1989 was screened,

» HCV

corresponding to 6,319 individuals, of whom 2,579 (40.8%) were males and 3,740 > Hepatitis C virus

(59.2%) were females. Among those screened, 64 individuals (1.0%; 35 males and 29 > Anti-HCV antibody

females) tested positive for anti-HCV antibodies. Of these, 8 individuals (0.13%; 5 males >  HCV-RNA

and 3 females) were confirmed to be HCV-RNA positive. This screening program allowed >  Screenin

us to obtain a prevalence of viremic infections of 0.13%.

Conclusion: The prevalence of active HCV infection in the sample tested from

1969-1989 present in the territory of AST Pesaro-Urbino is remarkably low, at 0,13%;

prevalence either represents true population value or could be due at a biased sample.
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Introduction

Hepatitis C Virus (HCV) infection is a leading
cause of chronic liver disease worldwide, with
significant public health implications [1,2]. If left
pharmacologically untreated, the infection can lead
in 20% of cases to the development of cirrhosis,
hepatocellular carcinoma, and even death [3].
Despite its severity, HCV remains undiagnosed due
to its asymptomatic nature, with most individuals
becoming aware of the infection only through
screening [4,5]. Worldwide, an estimated 1% of the
population, approximately 71 million individuals,
live with chronic HCV infection and 1.75 million
new infections occur annually [6,7]. In 2016, the
World Health Organization (WHO) launched a global
screening campaigntoeliminate HCVasapublichealth
threat by 2030, setting ambitious goals, including a
65% reduction in HCV-related mortality and a 90%
increase in diagnosis [8]. Italy has an estimated
chronic infection rate of 1% [9] but, to date, only few
studies have explored the epidemiology of HCV in the
general Italian population [10,11], mainly because
focusing on cases of acute viral hepatitis [12] makes
it difficult to have a correct estimate of infection.
Research conducted on specific cohorts suggest an
HCV.RNA positivity prevalence of approximately 1%
[13,14]. In 2019, the Italian government allocated 71.5
million euros to promote nationwide HCV-screening
programs to eliminate hepatitis C virus infection and
targeting individuals born between 1969 and 1989,
as well as all individuals from AS and prisons, thus
adhering HCV elimination program according to
WHO global elimination objectives [15]. Legislative
measures, including Decree Law 162 of Dec. 30, 2019,
implemented by the “Decreto Milleproroghe” of Dec.
28, 2020 and the State-Regions Conference of Dec.
17, 2020, were enacted to formalize and implement
this interventions in order to enhance the campaign
for the global elimination of this infection by 2030.
The screening project was finally implemented by the
Ministry of Health Decree of May 14, 2021 [16]. HCV
hepatitis today can be treated with the new Direct-
ActingAntiviraldrugs (DAAs),allowingtheeradication
of the infection in a large number of patients (90%)
with a low rate of side effects [17,18]. Therefore, due
to the availability of these new drugs, there has been
an increase in HCV awareness campaigns, resulting
in an increase in the number of antiviral treatments
in infected people. Therefore, a national screening
program on the 1969-1989 birth cohort was launched
in 2021, although it experienced a significant delay
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in implementation across the country due to the
COVID-19 pandemic. An effective screening program
primarily aims to identify individuals who are
unaware of the infection and serve as reservoir for
HCV-transmission. Screening plays a critical role in
facilitating early detection, initiating patients to drug
treatment, and interrupting the viral transmission
cycle, thereby preventing new infections. Due to
the 2019 Coronavirus pandemic (COVID-19), the
allocation of funds was not transferred to the regions
until 2021, and the first screening programs did not
start until 2022. In July 2023, the screening campaign
promoted by the Ministry of Health and joined by the
Marche Region, for the elimination of HCV started
in all Territorial Health Authorities. The study
conducted in the Pesaro-Urbino AST of the Marche
Region showed a low prevalence (0.13%) of active
HCV infection among previously untested subjects,
underscoring the necessity of continued efforts to
optimize screening strategies in the region.

Materials and Methods
Screening centers

In July 2023, Marche Region activated the HCV
screening campaign aimed at people born between
1969 and 1989. Patients were subjected to anti-
HCV tests and, those with positive anti-HCV, were
subjected to HCV-RNA test. Patients screened within
AS and prisons are included in this analysis.

Six different centres were identified for the
collection of anti-HCV samples (and consequently
for the collection of HCV-RNA samples as well).
The collection centres are reported in figure 1.
These six collection centres are located in different
towns: Ospedale di Comunita Celli (Cagli), Presidio
Ospedaliero Santa Croce (Fano), Ospedale Civile
(Fossombrone), Presidio Ospedaliero San Salvatore
(Pesaro), Ospedale Santi Donnino e Carlo (Pergola),
and Ospedale Santa Maria della Misericordia (Urbino).
A total of 6319 samples were collected.

Screening procedures

All people in the specific age group received a letter
with all the necessary information and a proposed
screening appointment, which involves a venous
blood draw. Specific informed consent was provided
authorizing the use of the clinical information, and
participant data was fully anonymized through
appropriate pseudonymization. Therefore, it is not
possible to trace back to the identity of individual
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Figure 1 Distribution of screening centers considered in the Pesaro-Urbino province.

6

subjects, whose information was limited to gender,
age, anti-HCV test results, and, if applicable, HCV
RNA test results. Therefore, it is not possible to trace
back to the identity of individual subjects, whose
information was limited to gender, age, anti-HCV
test results, and, if applicable, HCV RNA test results.
Two blood tubes were taken from each person;
serological testing was performed on the first and
molecular testing on the second, if necessary. In
case of anti-HCV positivity, patients were tested for
HCV-RNA. Patients with positive HCV-RNA were
sent to the referring specialist center to complete
the diagnostic process, including an evaluation of
the antiviral treatment. Outpatient blood collection
centers located outside hospitals were also involved.
All serum samples for anti-HCV screening were
analyzed at the Hospital of Urbino, while samples
HCV-RNA samples were analyzed at the Hospital of
Pesaro, Italy. For each patient, two test tubes were
taken, the first for anti-HCV test, the second for
probable HCV-RNA test. Liaison XL Murex HCV Ab
(DiaSorin SpA, Saluggia, Italy) was used for the anti-
HCV testing by an indirect CLIA immunoassay. This
assay is based on two recombinant antigens (core
and NS4) specific for HCV that are used for coating
magnetic particles (solid phase), and a third ready-
to-use aqueous HCV antigen (biotinylated NS3). The
samples were analyzed on Liaison XL (DiaSorin SpA,
Saluggia, Italy). Quality control was performed before

any analytical investigation. For HCV-RNA testing, a
PCR assay was used and the samples were analyzed
on Cobas 6800 (Roche Diagnostics Ltd, Burgess Hill,
UK). Cobas 6800 HCV Sterilin round-base polystyrene
(LP4) tubes (Thermo Fisher Scientific, Hemel
Hempstead, UK) or centrifuged BD Vacutainer EDTA
whole blood bottles (Becton Dickinson, Oxford, UK)
were loaded directly onto the sample supply module
of the Cobas 6800 instrument. All data related to the
screening test results were entered into a Microsoft
Excel platform after fully anonymizing each subject
(19,20].

Statistical analysis

Categorical variables were reported as frequencies
(percentages) and continuous variables (age) as
mean + SD. Categorical variables were compared
using the Chi-square. The Chi-square test was used
to investigate potential differences in the distribution
of positive and negative anti-HCV outcomes across
the various collection centres. It was also employed
to assess the distribution of sex across different age
ranges and the distribution of outcomes (positive
or negative for anti-HCV) within the considered age
ranges.The Fischer exact tests were also applied, to
investigate the distribution of RNA-HCV outcomes,
as the standard Chi-square test could not be used
for this purpose due to the presence of at least one
expected frequency < 5. To test the distribution of
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positive cases in relation to the population size of
each province and, separately, in relation to the
population size within the screening age range, a Chi-
square goodness-of-fit test for proportions was used.
Cramer’s V as Effect size value was also computed.

Moreover, considering the sensibility (93.18%)
and the specificity (99.35%) [21] of the screening test
and the prevalence observed, a positive predictive
value was obtained as follows:

Vi - Sens* Pr
Sens* Pr +(1-Spec)* (1-Sens)

Legend: Pr = Prevalence; Sens = Sensibility; Spec
= Specificity.

All tests considered were two-sided at a fixed
significance level of 0.05. Data analyses were
performed using Microsoft Excel and R studio
software.

Results
Descriptive characteristics

The HCV screening program herein described
involved six blood collection centers in AST Pesaro-
Urbino. The screening program, that started at August
1, 2023 and finished at July 31, 2024, involved 6,319
subjects, 2,579 males (40,8%) and 3,740 (59,2%)
females. Although very close to the threshold of
significance, the statistical analysis did not reveal
statistically significant differences in the distribution
of males and females across the various age ranges
Y (p) = 7.29 (p = 0.06). By comparing the expected
frequencies with the observed frequencies, a higher

Table 1: Demographic characteristics of screening participants.

M
n (%)
Total 2579 (40.8%)
1969-1974 1232 (47.8%)
1975-1979 625 (24.2%)
1980-1984 417 (16.17%)
1985-1989 305(11.8%)

Table 2: Gender-specific positivity rate.

F

participation of females in the screening program
emerges across all age groups. These results are
showed in table 1.

Regarding the distribution of anti-HCV test
positivity between males and females, there is a
higher prevalence of positivity among male subjects,
56.3% males versus 43.7% females’ positivity. These
results are reported in table 2, while in figure 2 is
shown the results flowchart.

In addition, to test the distribution of positive cases
in relation to the population size of each province in
screening age, a Chi-square goodness-of-fit test for
proportions was used. Figure 3 shows the proportion
of subjects who participated in the screening as a
function of the screening-age population of each city
relative to the considered collection centre.

A Chi-Square goodness-of-fitting test, used
to evaluate the proportion of adherence for each
municipality, was extremely significant (p < 0.001)
with a Cramer’s V = 0.65, indicates a large effect size.
This result suggests a non-uniform distribution of
the screening’s participants in terms of age, with
varying adherence to the screening program, as
shown in figure 3.

Screening program results

Of the 54,828 total inhabitants in age of screening
(birth year 1969-1989) of the six cities involved in the
screening, only 6,319 individuals participated in the
screening campaign, resulting in an adherence rate
of 11.52%. Of the 6,319 subjects tested, 64 subjects
were positive to the screening test for anti-HCV
(Tables 2,3). Although more females participated in

Anti-HCV* RNA-HCV*

n (%) n n

3740 (59.2%) 8
1671 (44.7%) 5
932 (24.9%) 2 0
3
0

Anti-HCV**
n (%)
Total 64
Males 36 (56.3%)
Females 28 (43.7%)

64
32

681 (18.2%)
456 (12.1%)

RNA-HCV*
n (%)
8
5 (62.5%)
3(37.5%)
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Flowchart

Anti-HCV Screenend subjects

6.319

64 6.255
(1.01%) (98.99%)
Anti-HCV *+ Anti-HCV -
8 56
(12.5% of Anti-HCV *) (B7.5% of Anti-HCV *)
RNA-HCV + RNA-HCV -
Figure 2 Results flowchart.
40% —
7 32.7%

Nr. of screenings/nr. of individuals (%)

Collection center

Figure 3 Screening proportion in function of the number of people in screening age (birth year: 1969-1989). The dashed horizontal line indicates
the actual average proportion between anti-HCV screening and the total population. p < 0.05. (Proportion represent nr of screening over nr. of

individuals born between 1969-1989 in the relative city).

the screening program compared to males, a higher
percentage of positivity in anti-HCV was observed
among males (males’ positivity 56.3% vs females’
positivity 43.7%). However, statistical analysis
revealed no significant differences in the distribution
of positive cases across the age ranges »,, (p) = 2,50
(p = 0.77); Cramer’s V = 0.02. The same test was used
to assess the distribution of positivity across different
age groups, yielding non-significant results; x>, (p) =
4.69 (p = 0.19), Cramer’s V = 0.03.

Among the 64 subject who resulted positive in
anti-HCV test, only 8 (5 males and 3 females) were
confirmed to be HCV-RNA positive. 8 of 64 (12.5%)
subjects were HCV-RNA positive. Given the low
number of positive cases, a Fisher's exact test was
used to evaluate the distribution of positive outcomes
in the HCV-RNA test relating to screening centre. The
analysis did not reveal any statistically significant
differences (p = 0.20).

The screening program revealed a prevalence

La Porta R, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2061
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Table 3: Distribution of Screening tests and positive outcomes in collecting centres.

Total Cagli Fano
Overall population 192172 7951 59963
1969-1989 population 54828 2212 17522
Screening tests (n) 6319 319 115
Positive anti-HCV (PPV 4 4
oo i (t%*)C . (16%) (1,2%) 12 (08%)
Positive HCV-RNA 8 0 0
n (%*) (0.12%) (0%) (0%)

Fossombrone Pesaro Pergola Urbino
9077 95580 5762 13839
2606 27097 1549 3842

693 2149 388 1255
10 4 11
23 (1,1%
(1.4%) O a0 09%)
1 2
4 (0.063%) 1(0.016%)
(0.016%) (0.032)

“Percentage of positive anti-HCV and positive HCV-RNA are calculated on the total number of screenings for each centre.

of 0.13% for viral HCV. With these prevalence data,
the positive and negative predictive values were
calculated, given the known sensitivity and specificity
of the tool used. The resulting positive predictive
value (PV+) is 0.157, while the negative predictive
value (PV-) is 0.999. The PV+ value indicates a high
number of false positives, suggesting that among
all individuals who tested positive, only 15.57% are
actually infected with HCV. On the other side, 99.99%
of all individuals who tested negative, were truly
negative.

Discussion

The WHO global initiative to eradicate Hepatitis C
Virus infection (HCV) has led to the implementation of
screening strategies to identify and manage infected
individuals. Laboratory tests play an important role
in identifying HCV-reactive cases and reducing HCV
infection rates and hepatitis-related mortality [22].
The advent of new DAA drugs has revolutionized the
treatment of HCV infection leading to cure rates above
90% [23,24]. This is of course dependent on early
diagnosis, which can only be made by screening tests.
This study can therefore certainly contribute to the
implementation of increasingly targeted and specific
screening strategies that could also be applied to many
other viral infections [25]. Despite all this, the study
has several limitations. The first limitation is that it
concerns a small cohort. However, this is only the first
interim report of a regional opportunistic screening
program that is still ongoing and that will include
new centres in the forthcoming months. A second
limitation is that the study enrolled only people born
between 1969 and 1989, limiting the comparison of
epidemiological data with other studies which include
larger population cohorts. The recruiting strategy
was indeed based on the indications from the Italian
Ministry of Health. The choice is based on analyzes
that evaluate the benefits of this screening, compared
to the resources necessary for its implementation.
This model, indeed, was previously suggested to be
most cost-effective, also when compared to models

only directed at at-risk populations or other birth-
cohorts. This advantage is justified by a set of factors,
including the spread of hepatitis C in this segment
of the population and the share of hepatitis not yet
diagnosed and which it is estimated could remain
silent for a long time [26]. Another limitation of the
study is that only demographic data (gender and age)
were available. The overall number of demographic
and clinical variables captured by the database is still
limited and the rates of linkage to care and treatment
outcomes are not yet available. Nevertheless, our
study allows to evaluate the epidemiological aspect
of HCV in a small demographic reality like that of
the AST Pesaro-Urbino, contributing to a complete
understanding of the prevalence of the disease. The
study shows that the active HCV infection evidenced by
HCV-positive RNA is much lower than those reported
in the literature [27,28]. This study reports the results
of the screening campaign conducted in the Pesaro
Urbino AST in the Marche region of Italy to identify
people unaware of HCV infection. The function of the
screening is to identify individuals in the so-called
"shadow world" who are unaware of their positivity.
This is the first study of its kind conducted in the
Marche Region. In this work, the results obtained
after 1 year of screening from August 2023 to July
2024 on only the population born between 1969 and
1989 were considered. The data obtained indicate a
low prevalence of infection in the screened population
of approximately 0.13% that is in line with recent data
from a northern Italian region (Lombardy, 0.1%)
[29]. Previously, only two studies targeted people
owning to the 1969-1989 birth cohort and reported
rates of active HCV infection of 0.05% and 0.07%,
respectively [30,31]. Other studies conducted in people
of any age reported prevalence of active HCV infection
of 0.5% and 0.7% in hospitalized subjects [32,33],
and of 0.07% in those undergoing anti-SARS-CoV-2
testing or vaccination [34]. Thus, these studies shows
a very low prevalence of HCV-infected individuals
compared with studies conducted before 2019 [35];
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it is reasonable to hypothesize that this discrepancy
is due to the use of the new DAA-based therapies.
Furthermore, our data indicate that the prevalence of
HCV infection is very low in individuals born between
1969 and 1989. This finding is not unexpected since
it is in line with previous Italian studies [36] and
also confirmed by recent investigations. The higher
prevalence in males and older age groups is also in
line with these studies and suggests that screening
programs should prioritize these populations.
Therefore, the hypothesis of extending screening to
the population born before 1969 is very plausible. Our
study shows that the anti-HCV positive subjects were
HCV RNA negative (87.5%). This result, however, is in
line with other reports, as the rates of undetectable
HCV-RNA values in anti-HCV-positive subjects
identified by opportunistic screening programs in
recent studies range from 64% to 82% [32]. To prevent
HCV infection, it is necessary to reduce the risk of
exposure to the virus in the population most at risk.
Therefore, it is important to promote awareness and
screening programs to identify those unaware of the
infection. The lack of an HCV vaccine makes screening
campaigns with serologic and molecular testing very
important. Therefore, the continuous collaboration
among health care providers, researchers, and policy
makers is fundamental to refine and implement new
strategies that will contribute to the eradication of
HCV infection. It is emphasized that the screening
program revealed a relatively low prevalence of
0.13%: this discrepancy is unlikely to be attributed
to the patient selection process in our study, as the
screening was conducted among individuals accessing
healthcare facilities. It is plausible, however, that the
observed prevalence might have been further diluted
if the screening had encompassed the entire general
population, including individuals who do not utilize
healthcare centres.

The Italian evidence regarding the cost-
effectiveness profile of HCV screening and DAA
treatment produced from the Italian SSN perspective
supports an evidence-based health policy for HCV
elimination in Italy. The evidence on cost benefits of
treating patients diagnosed by screening is important
for the ongoing central and regional decision-
making process. Several studies have shown that
HCV-related disease inflicts an enormous economic
and clinical burden due to HCV-related extrahepatic
comorbidities. Early eradication of HCV could reduce
these burdens. In addition to being a fundamental
policy aspect for HCV elimination, screening is also
reported to be cost effective in Italy [26].

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issh:| 2766-2276

The active offer of screening is an important
milestone that requires regional governance that
manages the processes’ complexity integrating well-
organized interdisciplinary paths between territorial
and hospital specialized medicine. Each region must
identify the objectives and strategies to define the
present and future steps and reach HCV elimination
goal by 2030.

As already stated, this is only the first interim
report of a part of the screening program which is
still ongoing, and which will involve others regional
centers in the future. Implementation of such
programs at regional and national level might help to
identify HCV positive patients unaware of their status,
to improve the cascade of care and, thus, to reach the
WHO elimination goal. The association of different
screening plans, as well as age-bracket extension,
may be useful to make the screening process more
widespread and faster in the future. By integrating our
data with a broader epidemiological context, we will
be able to refine our regional and national strategies,
to better target the populations most at risk and move
closer to the goal of eradicating HCV.
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