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Abstract

Background: The aim was to evaluate the hepatitis C virus (HCV) cascade of care in the general population (GP)
and in two high-risk populations: patients with diabetes mellitus (DM) and substance users (AS) in treatment in
Reggio Emilia Province, Italy.

Methods: A population-based cross-sectional study was conducted that included 534,476 residents of the Reggio
Emilia Province, of whom 32,800 were DM patients and 2726 AS patients. Age-adjusted prevalence was calculated
using the direct method of adjustment based on the age-specific structure of EU population.

Results: The prevalence of HCV testing was 11.5%, 13.8%, and 47.8% in GP, DM, and AS patients respectively, while
HCV prevalence was 6.5/1000, 12.6/1000, and 167/1000, respectively. The prevalence of HCV RNA positivity was 4.4/
1000, 8.7/1000, and 114/1000 in the three populations, respectively. The rates of HCV RNA-positive individuals not
linked to care were 27.9%, 27.3%, and 26% in GP, DM, and AS patients, respectively, while the rates of those cured
or cleared were 70.9%, 71%, and 69.9%, respectively. The prevalence of HCV testing was higher for females of
reproductive age than for males the same age: 218.4/1000 vs. 74.0/1000, respectively. While more foreigners than
Italians underwent the HCV test and were HCV positive, fewer foreigners than Italians received HCV treatment and
were cured.

Conclusions: The low HCV testing and linkage to care rates remain an important gap in the HCV cascade of care in
Northern Italy. The prevalence of cured/cleared residents remains lower among foreigners than among Italians.
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Introduction
Hepatitis C virus (HCV) affects approximately 180 mil-
lion people globally, of whom 71 million have chronic
hepatitis C virus infection [1]. Italy has the highest
prevalence of HCV in Europe (up to 27.6%, depending
on the region) [2]. Owing to the effectiveness of recently
introduced pan-genotypic direct-acting antivirals
(DAAs), The World Health Organization has established
the global health sector strategy on eliminating viral
hepatitis by 2030 [3]. Although Italy has developed a Na-
tional Hepatitis Plan and is among those countries
which are on track to achieving HCV elimination goals
[4, 5], decentralized models of HCV care with ununi-
formed strategies across regional networks persist [6].
People who inject drugs (PWID) remain the largest

reservoir of HCV in young and middle-aged adults in
Italy and is the population with the highest prevalence
of HCV [7]. Despite a documented decrease in HCV
rates in this population thanks to harm reduction pro-
grammes, injecting drugs and iatrogenic transmission re-
main among the most common modes of HCV
transmission and virus persistence in the population [8].
However, the proportion of PWID linked to adequate
care remains low, which represents an important barrier
to achieving the elimination goal set in Italy, despite the
availability of DAAs and broad access to care [8].
After transplantation/recipience of substances of hu-

man origin and dialysis/haemodialysis, therapies and
procedures related to the diabetes mellitus (DM) are the
third most common iatrogenic mode of transmission of
HCV [2]. There is increasing number of reports of an as-
sociation between HCV and type-2 DM [9, 10], although
their results concerning the direction and underlying
mechanisms of this association are discordant. Neverthe-
less, numerous studies have observed a higher preva-
lence of HCV in the population with diabetes [11–24].
Similar to HCV prevalence, the availability of treat-

ment and linkage to care also vary across Italy, and the
actual number of HCV patients being cared for remains
uncertain. Overall, the number of known chronically in-
fected patients eligible for DAA treatment has decreased
by half (from 308 thousand patients in 2015 to 160 thou-
sand patients in 2019) [25]. Nevertheless, it has been es-
timated that there are still 300 thousand individuals
unaware of their infection [26]. One simulation study es-
timated that a linkage to care of around 40–60% would
lead to treating over 35,000 patients per year up to 2025.
Such a strategy, without any kind of screening, would
leave untreated a significant number of infected individ-
uals who are unaware of their infection status [27].
Therefore, with the effective treatment available, the
challenge of contemporary prevention and management
of HCV is to identify and treat undiagnosed, at-risk, and
hard-to-reach infected persons and to estimate

compliance rates of the individual steps along the cas-
cade of care. To achieve this, it is important to estimate
the current percentage of HCV-positive people and
those not yet linked to care and cured in order to pro-
vide important information necessary to eliminate HCV.
The primary objective of the study was to estimate the

completeness of the HCV cascade of care steps in the
general population of the Reggio Emilia Province and in
two high-risk population groups: the population with
diabetes and that of substance users treated in an addic-
tion rehabilitation care service. The secondary objective
was to determine the potential role of sociodemographic
characteristics (sex, citizenship, and age) on the preva-
lence of cascade of care outcomes.

Materials and methods
Study design and population
A population-based cross-sectional study was conducted
in which routinely collected data on HCV testing per-
formed from July 1, 2008 to December 31, 2017 were
analysed.
The general population consisted in all individuals

resident in the Reggio Emilia Province on 31/12/2017
according to the resident population registry of the local
health authority. The population with diabetes was all
prevalent cases of diabetes on 31/12/2016 according to
the provincial diabetes registry. Women with gestational
diabetes or women receiving treatment for polycystic
ovarian syndrome are excluded from the registry. The
population of addiction rehabilitation service patients
comprised all the patients who have been treated for
mental or behavioural disorders due to the use of alco-
hol (ICD10 F10), opioids (ICD10 F11), cannabinoids
(ICD10 F12), or cocaine (ICD10 F14) in the Addiction
Service (AS) between January 2016 and March 2018 and
who were resident of the Reggio Emilia Province in this
period. Individuals attending smoking cessation pro-
grammes were excluded.
The study was approved by the Ethics Committee of

Area Vasta Emilia Nord – IRST (4 December 2018).

Endpoints and definitions
The endpoints of interest were: (a) prevalence of HCV
testing (anti-HCV and/or HCV RNA); (b) prevalence of
people with present infection markers or active infection
(anti-HCV or HCV RNA positivity); (c) prevalence of
people with known HCV RNA positivity who are still
waiting for treatment; and (d) prevalence of those who
were cured or cleared (patients whose last RNA test was
negative among those who had a previous positive HCV
RNA test) (Figs. 1, 2 and 3). The denominator for the
first two outcomes was the entire population included in
the study (general, diabetic, and AS clients), while the
prevalence of last two outcomes (HCV RNA-positive
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persons who were still waiting for treatment and those
who were cured/cleared) was calculated on the persons
with at least one positive HCV RNA test during the
study period. All outcomes were calculated for the gen-
eral population and for the high-risk subgroup popula-
tions (people with diabetes and addiction rehabilitation
service clients).
Subjects who had serological evidence of past or re-

cent HCV infection, i.e., had at least one HCV test posi-
tive for presence of antibody (anti-HCV) or HCV RNA
were considered HCV infected, while those who were
HCV RNA-positive at least once during the study period
were considered viraemic or actively infected at a certain
moment in their life [28]. A second HCV RNA test was
performed in 87.6% of positive HCV RNA tests (Supple-
mentary table).

Data sources and linkage
For the purpose of the study, data were retrieved from
the resident population registry, the Reggio Emilia Dia-
betes Registry [29], the SistER (Sistema Informativo sulle
Tossicodipendenze Regione Emilia Romagna) platform
[30], the Reggio Emilia Local Health Authority (AUSL)
laboratory information system [30], and the AUSL DAA
treatment database (Supplementary figure).

The Reggio Emilia Diabetes Registry was created by
deterministic linkage of six routinely used data sources:
hospital discharge records, drug dispensation, biochem-
istry laboratory, disease-specific exemption, diabetes out-
patient clinics, and mortality databases. Women with
gestational diabetes or women receiving treatment for
polycystic ovarian syndrome are excluded from the Dia-
betes Registry. The methods applied to develop this
registry have been described in detail elsewhere [29].
The data for AS clients was extracted from SistER, a

platform which serves as a database for the registration
and follow up of patients with substance use disorders
(SUD) in the Emilia-Romagna region who have been
assisted by the AS. The AS registry includes all the
people treated for addiction either in the Local Health
Authority clinics or in private clinics that have an agree-
ment with the Italian National Health Service. The AS
carries out prevention, treatment, and rehabilitation of
disorders due to addiction to legal and illegal psycho-
active substances and to gambling [30].
The AUSL-IRCCS laboratory information system, a

database containing laboratory results of all tests carried
out in the Province’s public health network and coded
using an internal classification, was used to estimate the
prevalence of HCV-test-related outcomes [30].

Fig. 1 HCV cascade of care in the general population tested for HCV from 1/7/2008 to 31/12/2017. *inconclusive result, haemolysed serum, blank
tubes, reversed sample, sample not received, test not performed. **Treatment data available for the period 2015–2019
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Data on patients undergoing DAA treatment in the
AUSL public outpatient clinics were available for the
period 2015–2019.

Statistical analysis
Outcomes are presented as absolute and relative fre-
quencies. The crude and age-standardized prevalence
rates were computed, with 95% confidence intervals, for
each outcome in each of the three populations. Age-
adjusted prevalence was calculated using the direct
method of adjustment based on the age and sex-specific
rates for the sample and age-specific structure of the EU
population (EU standard population 2013). Prevalence
ratios of HCV infection among tested patients were esti-
mated in the three populations using Poisson regression
models, adjusted for sex, age group, and citizenship. We
used Stata 13.0 SE (Stata Corporation, Texas, TX) soft-
ware package for the main analysis.

Results
Prevalence of outcomes related to HCV cascade of care
The presence of HCV infection was tested (either by
HCV antibody or HCV RNA) in 61,359 residents over
the nine-and-a-half-year period, with a coverage rate of
11.5%; the majority of residents (88.5%) were not tested
(Fig. 1). Of those tested, 3473 (5.7%) had serologic evi-
dence of infection (prevalence of people ever diagnosed
with HCV infection markers or active infection 6.5/
1000). There were 1126 residents who were only anti-
HCV reactive, of whom 516 (45.8%) were not subse-
quently tested for the presence of HCV RNA. The
prevalence of known ever-HCV RNA-positive people

was 4.4/1000; of the 2347 ever actively infected resi-
dents, the last HCV RNA test of 1664 (70.9%) was nega-
tive either as a result of DAA treatment, other
treatment, or as spontaneous clearance. The rate of
people who were HCV RNA positive and not yet linked
to care was 27.9%, while the probability of being linked
to care, given the positive RNA test, was 49.4%.
Of the 32,800 registered diabetic patients, 4518

(13.8%) were tested for either HCV antibody or HCV
RNA (Fig. 2). There were 412 (9.1%) diabetic patients
with serologic evidence of infection (prevalence of
people ever diagnosed with HCV infection markers or
active infection: 12.6/1000) and 126 who were only anti-
HCV reactive. Of these, 64 (50.8%) were not tested for
HCV RNA. HCV RNA detection prevalence was 8.7/
1000. The rate of actively infected diabetic patients not
yet linked to care was 27.3%, while the probability of be-
ing linked to care, given the positive RNA test, was
50.3%. Of the 286 actively infected diabetic patients, the
last HCV-RNA test of 203 (71%) was negative as a result
of DAA treatment, other treatment, or as spontaneous
clearance.
In the population of 2726 AS patients, the prevalence

of those tested at least once for either HCV antibodies
or HCV RNA was 47.8% (Fig. 3). Of those tested, 456
(35%) had serological evidence of infection (prevalence
of people ever diagnosed with HCV infection markers or
active infection 167.3/1000); 312 were only anti-HCV re-
active. Of these, 61 (19.5%) did not undergo subsequent
HCV RNA test. HCV RNA detection prevalence was
114.4/1000. The rate of actively infected AS patients not
yet linked to care was 26% and the probability of being
linked to care, given the positive RNA test, was 56.4%.
Of the 312 actively infected AS patients, 218 (69.9%)
were cured or cleared.

Prevalence of outcomes related to HCV cascade of care
by sex and citizenship
The prevalence of HCV testing was higher in females
compared to males in all three populations (Table 1).
Males in the general population and the diabetic popula-
tion had in a higher rate of serologic evidence of HCV
infection than did females [6.6 (95%CI 6.3–6.9) vs. 5.4
(95%CI 5.1–5.7) and 10.8 (95%CI 8.6–13.1) vs. 8.2
(95%CI 6.2–10.3), respectively)], while in the AS popula-
tion females had in a higher rate of positivity to HCV in-
fection than did males [123.8 (95%CI 96.4–151.2) vs. 113
(95%CI 99.8–126.2)].
While foreigners in the general population had a

higher rate of being tested for HCV and a higher rate of
serological evidence of HCV infection, a lower percent-
age of them was linked to care and cured compared to
Italian residents (Table 2). In the diabetic population,
foreign residents had a higher rate of being tested for

Fig. 2 HCV cascade of care in the diabetic population tested for
HCV from 1/7/2008 to 31/12/2017. *inconclusive result, haemolysed
serum, blank tubes, reversed sample, sample not received, test not
performed. **Treatment data available for the period 2015–2019
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HCV than did Italian residents, but the prevalence of
having serological evidence of HCV infection [9.5 (6.4–
12.7) vs. 10.2 (8.2–12.2)] and linkage to care were similar
in both (128.1 vs. 130.6). All these outcomes in AS pa-
tients (except for HCV RNA-positives waiting for treat-
ment) were more prevalent in Italian compared to
foreign residents.
The prevalence of HCV testing was higher for females

of reproductive age than for males the same age: 218.4/
1000 vs. 74.0/1000, respectively, for age group 20–29
years; 404.5/1000 vs. 106.4/1000, respectively, for age
group 30–39 years; and 187.6/1000 vs. 102.9/1000, re-
spectively, for age group 40–49 years (Fig. 4). The high-
est HCV prevalence for men was observed in those aged
50–59 years (Fig. 5). For the diabetic population and for
AS patients, an increase in prevalence was seen up to
the age group of 50–59 years, when it peaked and then
started to decline.

Prevalence of people ever diagnosed with HCV infection
markers or active infection (anti-HCV or HCV RNA) by sex
and citizenship
In the general population, the prevalence of ever-
positive tests among females was two times lower than
among males (prevalence ratio [PR] 0.49, 95%CI 0.46–

0.53), while people over age 60 years had almost double
the prevalence of those younger than 60 years (PR 1.84,
95%CI 1.72–1.98), when adjusted for other characteris-
tics in the model (Table 3). In the diabetic population
only, age was associated with prevalence of ever-positive
tests (PR for people over age 60 years was 0.75, 95%CI
0.61–0.93). In the population of AS patients, the PR for
those over age 60 years was 0.66 (95%CI 0.37–1.18) and
PR for foreigners was 0.50 (95%CI 0.35–0.72).

Discussion
A reliable estimation of the prevalence of HCV and
other principal steps in the cascade of care in the general
population and in key high-incidence groups is funda-
mental to understanding the current epidemiological
landscape and to developing action plans and suitable
scale-up interventions to facilitate the elimination of
HCV.
In line with the literature, HCV test coverage and

prevalence of anti-HCV reactivity and HCV RNA detec-
tion in our study were highest in AS patients and lowest
in the general population. Interestingly, the overall
prevalence of those who were anti-HCV positive and
had not yet undergone the RNA test and of those who
were currently infected (HCV RNA-detected) but not

Fig. 3 HCV cascade of care in the AS population tested for HCV from 1/7/2008 to 31/12/2017. *inconclusive result, haemolysed serum, blank
tubes, reversed sample, sample not received, test not performed. **Treatment data available for the period 2015–2019
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yet linked to care were only slightly lower in the popula-
tion of AS patients. As for viraemic subjects in the gen-
eral population, diabetic population, and AS patients,
the probability of being linked to care was similar
(49.4%, 50.3%, and 56.4%, respectively), suggesting that
although there is a substantial number of patients who
still need to be tested for RNA and linked to care, the
availability of HCV testing and linkage to care for hard-
to-reach populations (diabetic patients and people with
SUD) are similar to that of the general population.

The direction of the association between diabetes and
HCV remains debated. However, most studies report a
higher prevalence of HCV in patients with DM than in
controls [11–24], while a few found no difference [31–
33]. Nevertheless, the prevalence of people in our study
with evidence of HCV infection was almost two times
higher in the diabetic population than in the general
population, despite the similar testing rate.
With the limitation of jointly calculating outcomes for

individuals with alcohol or drug use addiction disorder

Table 1 Crude and adjusted prevalencea of HCV testing, positivity, cured or cleared, and last RNA positive waiting for treatment,
according to sex

General population Diabetic population AS patients

Crude (95%CI) Adjusted (95%CI) Crude (95%CI) Adjusted (95%CI) Crude (95%CI) Adjusted (95%CI)

HCV tested

Female 148.7 (147.2–150.1) 152.4 (151.1–153.7) 143.8 (137.8–150.1) 179.1 (164.7–193.6) 555.6 (490.1–626.6) 451.4 (390.3–512.5)

Male 79.8 (79.7–80.9) 78.4 (77.3–79.4) 132.7 (127.4–138.2) 122.9 (109.0–136.8) 461.1 (433.5–490.0) 367.8 (336.9–398.8)

HCV positive

Female 6.0 (5.7–6.3) 5.4 (5.1–5.7) 12.5 (10.7–14.4) 8.2 (6.2–10.3) 184.5 (148.0–227.3) 123.8 (96.4–151.2)

Male 7.0 (6.7–7.3) 6.6 (6.3–6.9) 12.6 (11.0–14.4) 10.8 (8.6–13.1) 163.6 (147.3–181.2) 113.0 (99.8–126.2)

Cured or cleared

Female 677.5 (629.3–728.4) 692.2 (644.5–739.9) 644.1 (507.5–806.1) 337.1 571.4 (390.9–807.7) 458.4

Male 735.8 (689.3–784.6) 746.2 (716.1–776.3) 756.0 (630.2–899.4) 526.4 726.7 (625.9–838.8) 432.5

Last RNA+ waiting for treatment

Female 317.0 (284.3–352.4) 304.0 (256.3–351.6) 347.5 (249.3–471.4) 191.1 392.9 (246.2–594.8) 176.2

Male 246.8 (220.0–275.8) 234.5 (204.8–264.1) 220.2 (155.1–303.6) 121.2 230.5 (175.4–297.3) 295.3

AS Addiction Service
aPer 1.000

Table 2 Crude and adjusted prevalencea of HCV testing, ever positivity, cured or cleared, and RNA positive not yet treated,
according to citizenship

General population Diabetic population AS patients

Crude (95%CI) Adjusted (95%CI) Crude (95%CI) Adjusted (95%CI) Crude (95%CI) Adjusted (95%CI)

HCV tested

Foreign 145.2 (142.4–148.1) 122.4 (119.6–125.2) 158.2 (143.0–174.5) 160.7 (140.0–181.3) 525.8 (448.2–613.0) 325.5 (280.1–371.0)

Italian 110.3 (109.3–111.2) 111.7 (110.8–112.6) 136.0 (131.9–140.3) 142.4 (130.8–154.1) 484.5 (456.7–513.4) 388.0 (359.5–416.4)

HCV positive

Foreign 6.2 (5.6–6.8) 7.3 (6.2–8.3) 15.8 (11.3–21.5) 9.5 (6.4–12.7) 100.0 (67.9–141.9) 71.3 (42.1–100.5)

Italian 6.5 (6.3–6.8) 5.8 (5.6–6.0) 12.3 (11.1–13.6) 10.2 (8.2–12.2) 180.8 (164.0–198.8) 121.5 (109.0–133.9)

Cured or cleared

Foreign 680.3 (580.8–792.1) 597.3 720.0 (426.7–1137.9) 486.9 571.4 (246.7–1125.9) 305.0 (216.6–393.4)

Italian 712.3 (677.7–749.3) 675.6 (630.4–720.8) 708.8 (610.3–818.6) 518.2 704.7 (612.6–806.7) 434.3

Last RNA+ not yet treated

Foreign 311.5 (245.4–389.9) 272.6 280.0 (112.6–576.9) 128.1 428.6 (157.3–932.8) 335.0

Italian 275.3 (253.3–298.7) 308.8 (264.0–353.7) 272.0 (212.5–343.1) 130.6 251.7 (198.0–315.5) 184.6

AS Addiction Service
aPer 1.000
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in our study, test uptake, serological evidence of HCV
infection markers (anti-HCV and/or HCV RNA posi-
tive), and active HCV infection (HCV RNA detected)
among AS patients were almost identical to those re-
ported by Øvrehus et al. in a single large register-based
study conducted on Danish people in treatment for drug

addiction [34]. However, they were notably lower than
those previously reported in Italy [35, 36]. This is con-
sistent with the decrease in overall HCV prevalence in
Italy observed in the last 5 years and could be partly ex-
plained by the more-than-double testing rate and
linkage-to-care rate found in our study and in the

Fig. 4 Prevalence of HCV tested and HCV-positive individuals by age and sex
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Emilia-Romagna region compared to what has been pre-
viously reported in Italy as a whole [35]. Nevertheless,
this is likely an underestimate of the real HCV preva-
lence in the population with substance dependence since
not all substance users have the same risk of HCV infec-
tion, and those who are at higher risk of HCV (persons
who inject drugs-PWID and those who receive oral

opioid substitution therapy-OST) are those who, despite
the higher uptake of HCV test [37], are not reached by
addiction treatment centres or who have a high inter-
ruption rate of OST [37, 38]. In Reggio Emilia, marginal-
ized individuals, in particular those who inject drugs and
have present or past history of homelessness, are
reached by the Harm Reduction Program put in place by

Fig. 5 Prevalence of HCV tested and HCV-positive individuals by age and citizenship
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AS, which provides them with sterile syringes (Needle
and Syringe Program), opioid substitution therapy, and
alcohol detoxification treatment. AS professionals also
actively propose HCV testing, but compliance with test-
ing is low in this population.
Similar to drug addiction, and despite insufficient data

related to the impact of past or recent alcohol use on
outcomes with DAA therapy, one study showed that re-
cent alcohol use resulted in a higher treatment discon-
tinuation rate and therefore a lower sustained virologic
response (SVR) achievement rate [39]. Point-of-care
single-step testing for HCV infection, such as reflex
HCV testing, could decrease the number of medical ap-
pointments currently necessary in the multistep testing
protocol and which has been identified as main obstacle
to HCV diagnosis and treatment [40]. This could be par-
ticularly beneficial to at-risk groups, such as diabetic pa-
tients, those undergoing haemodialysis, or those
attending an addiction treatment centre, who already
have to deal with multiple medical appointments over
the course of their care.
The prevalence of cure or spontaneous clearance, esti-

mated as the percentage of previously HCV RNA-
reactive patients linked to care whose posttreatment
HCV RNA test was negative, is one of the key indicators
of cascade of care efficiency in the HCV care continuum
and greatly depends on the linkage to care rate. In our
study, the percentage of HCV-reactive people not yet
linked to care was substantially lower than the overall
European rate in 2017 as well as that in the USA, where
only 9.3% of chronic HCV-infected people successfully
completed all steps of the cascade of care all the way to
achieving sustained virologic response [41, 42]. Despite
the relatively high overall linkage to care in our study,
the percentage of cured/cleared foreigners was lower for
than that of Italians; the former, despite being more
often tested, had lower access to treatment. Besides bio-
logical differences, this can be explained by barriers to
accessing care that foreigners encounter compared to

Italians and by the higher antiviral therapy discontinu-
ation rate in this group [43]. Despite therapy being com-
pletely free for regular immigrants, accessibility to health
services is not merely an issue of insurance coverage.
There could be problems related to language or integra-
tion in our society that make it difficult to navigate the
bureaucracy [44], and there could also be issues of dis-
trust in public institution because, while in this paper we
included only resident immigrants, some of them may
have been waiting for the renewal of their residence
permit.
In our study, the highest HCV prevalence for men was

observed in those aged 50–59 years. For the diabetic
population and for AS patients, an increase in preva-
lence was seen up to age 50–59 years, when it peaked
and then started to decline. Such an age distribution
among elderly males in the general population and
middle-aged diabetic patients and AS patients is in line
with the HCV age dynamic previously reported in Italy
and may be a reflection of the two big epidemic waves
of HCV observed in the last century [45, 46]. The first
wave was due to unsafe health care procedures and the
widespread use of outpatient invasive medical proce-
dures and of medicines administered by parenteral injec-
tions with multi-use syringes in the years after World
War II (the 1950s and ‘60s) [47]. The second wave oc-
curred in the following two decades (1980–1990 as re-
ported by Andreoni et al) and was due to increasing
number of intravenous drug users [48].
We acknowledge several limitations of our study. In

the absence of data on the achievement of a sustained
virologic response, we calculated the percentage of the
last not-reactive RNA test after the initial reactive one as
a proxy for cure/clearance prevalence. As regards the
high-risk populations, the generalisability of results to all
alcohol and drug users is limited since the people
dependent on substances other than opioids are under-
represented in our study. Even though cannabinoids and
cocaine are the most abused substances in Italy, users

Table 3 Prevalence ratios with 95% confidence intervals for HCV RNA detection, adjusted for sex, age, and citizenship

General population Diabetic population AS patients

PR 95%CI PR 95%CI PR 95%CI

Sex

Male Ref. Ref. Ref.

Female 0.49 0.46–0.53 0.92 0.76–1.12 0.93 0.73–1.16

Age

< 60 years Ref. Ref. Ref.

≥ 60 years 1.84 1.72–1.98 0.75 0.61–0.93 0.66 0.37–1.18

Citizenship

Italian Ref. Ref. Ref.

Foreign 0.95 0.86–1.06 0.98 0.69–1.38 0.50 0.35–0.72
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are not usually referred to an addiction treatment centre.
Up to 90% of alcohol-dependent people and more than
60% of high-risk opioid users in Italy do not seek or have
not been referred to rehabilitation or drug replacement
treatment [49], and it has been estimated that more than
half of the HCV-infected population are former PWIDs
who have permanently stopped injecting drugs and
might belong to the hard-to-reach population if they are
not treated in the AS clinic [50].
The strength of this study is that it is the largest observa-

tional study which unifies and compares all important
HCV infection- and treatment-related outcomes of HCV
cascade of care, across the general population and in two
high-risk groups (diabetic patients and addiction treatment
centre patients) in a province in Northern Italy. By con-
ducting a population-based study that includes all the resi-
dents of the Reggio Emilia Province, the limitation of
previous studies, which did not include prisoners, men hav-
ing sex with men, people in household contact with an
HCV-positive subject, and other high-risk populations, was
overcome. This population-based study also included
homeless individuals, since the Italian National Health Ser-
vice provides free-of-charge medical assistance to all Italian
residents, including the unemployed and the homeless,
who represent populations massively affected by HCV in-
fection but who were not considered in previous studies.

Conclusions
HCV testing remains a major gap in HCV cascade of care in
Northern Italy; the majority of residents as well as two high-
risk populations (diabetic patients and people in treatment
for substance abuse) of one province have never been tested
for HCV infection. In addition, the vast majority of those
tested for HCV infection have never undergone a HCV RNA
test, meaning that the proportion of actively infected people
eligible for treatment is underestimated.
To achieve the goal of an HCV infection-free popula-

tion, continued efforts are needed to reduce the gaps in
HCV cascade of care in Italy. Efficient scaled-up inter-
ventions must be developed to capture hard-to-reach or
disadvantaged populations, and screening strategies
among those already in medical care must be optimized
to earlier testing and linkage to care to reduce HCV
prevalence and the further transmission of the virus.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13027-021-00345-8.

Additional file 1: Supplementary figure. Flowchart of data linkage
and extraction.

Additional file 2: Supplementary table. Descriptive table on 2347
patients having at least one HCV RNA test positive: the detail of the
number of repeated tests (starting from the first positive HCV RNA test).

Abbreviations
SUD: Substance use disorder; SVR: Sustained virologic response;
HCV: Hepatitis C virus; AS: Addiction Service; DM: Diabetes Mellitus;
GP: General population; RNA: Ribonucleic acid; DAA: Direct-acting antivirals;
PWID: People who inject drugs

Acknowledgments
We thank Jacqueline M. Costa for the English language editing.

Authors’ contributions
P.G.R., M.V., A.N., and A.Z. conceptualized the work and designed the study,
M.V, V.M, and A.Z. collected and curated the data, M.O. and P.M. performed
formal statistical analysis, O.D. and M.O. drafted the manuscript, M.M., A.Z.,
V.M, and L.K. critically reviewed and edited the manuscript, P.G.R. oversaw
resources acquisition. All authors have read and agreed to the published
version of the manuscript.

Funding
This research was funded by the Emilia-Romagna Region Health Authority,
grant number DGR 449/2019.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by the Ethical Committee of Area Vasta Emilia Nord
– IRST (date 4th December 2018).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Epidemiology Unit, Azienda Unità Sanitaria Locale-IRCCS di Reggio Emilia,
Via Amendola 2, 42121 Reggio Emilia, Italy. 2Center for Environmental,
Nutritional and Genetic Epidemiology (CREAGEN), Section of Public Health,
Department of Biomedical, Metabolic and Neural Sciences, University of
Modena and Reggio Emilia, Modena, Italy. 3Infectious Diseases Unit, Azienda
Unità Sanitaria Locale–IRCCS di Reggio Emilia, Reggio Emilia, Italy. 4Addiction
Care Unit, Azienda Unità Sanitaria Locale–IRCCS di Reggio Emilia, Reggio
Emilia, Italy. 5Unit of Clinical Immunology, Allergy and Advanced
Biotechnologies, Azienda Unità Sanitaria Locale–IRCCS di Reggio Emilia,
Reggio Emilia, Italy. 6Department of Internal Medicine, Hospital of
Montecchio, Azienda Unità Sanitaria Locale-IRCCS di Reggio Emilia, Reggio
Emilia, Italy. 7National Center for Global Health, Istituto Superiore di Sanità,
Rome, Italy.

Received: 26 October 2020 Accepted: 8 January 2021

References
1. Blach S, Zeuzem S, Manns M, Altraif I, Duberg AS, Muljono DH, et al. Polaris

observatory HCV collaborators. Global prevalence and genotype distribution
of hepatitis C virus infection in 2015: a modelling study. Lancet
Gastroenterol Hepatol. 2017;2:161–76.

2. European Centre for Disease Prevention and Control. Hepatitis B and C
epidemiology in selected population groups in the EU/EEA. Stockholm:
ECDC; 2018.

3. World Health Organization. Global Health Sector Strategies on Viral Hepatitis
2016–2021. Available from: http://apps.who.int/gb/ebwha/pdf_files/WHA69/
A69_32-en.pdf?ua=1. (Accessed 30 Aug 2020).

4. National Hepatitis Plan. Piano nazionale per la prevenzione delle epatiti
virali da virus B e C (PNEV). Available at: http://www.salute.gov.it/imgs/C_1
7_pubblicazioni_2437_allegato.pdf (Accessed 30 Aug 2019).

5. Waheed Y, Siddiq M, Jamil Z, Najmi MH. Hepatitis elimination by 2030:
Progress and challenges. World J Gastroenterol. 2018;24:4959–61.

Djuric et al. Infectious Agents and Cancer            (2021) 16:5 Page 10 of 11

https://doi.org/10.1186/s13027-021-00345-8
https://doi.org/10.1186/s13027-021-00345-8
http://apps.who.int/gb/ebwha/pdf_files/WHA69/A69_32-en.pdf?ua=1
http://apps.who.int/gb/ebwha/pdf_files/WHA69/A69_32-en.pdf?ua=1
http://www.salute.gov.it/imgs/C_17_pubblicazioni_2437_allegato.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_2437_allegato.pdf


6. Andreone P, Di Marco V, Gaeta GB, Fagiuoli S, Vukotic R, Craxì A. Current and
forthcoming perspectives in linkage to care of hepatitis C virus infection:
assessment of an Italian focus group. Dig Liver Dis. 2019;51:915–21.

7. Pradat P, Virlogeux V, Trépo E. Epidemiology and elimination of HCV-related
liver disease. Viruses. 2018;10:545.

8. Molinaro S, Resce G, Alberti A, Andreoni M, Edigo P, Leonardi C, et al.
Barriers to effective management of hepatitis C virus in people who inject
drugs: evidence from outpatient clinics. Drug Alcohol Rev. 2019;38:644–55.

9. Guo X, Jin M, Yang M, Liu K, Li J. Type 2 diabetes mellitus and the risk of
hepatitis C virus infection: a systematic review. Sci Rep. 2013;3:2981.

10. Fabiani S, Fallahi P, Ferrari SM, Miccoli M, Antonelli A. Hepatitis C virus infection
and development of type 2 diabetes mellitus: systematic review and meta-
analysis of the literature. Rev Endocr Metab Disord. 2018;19:405–20.

11. Simó R, Hernández C, Genescà J, Mesa J. High prevalence of hepatitis C
virus infection in diabetic patients. Diabetes Care. 1996;19:998–1000.

12. Mason AL, Lau JY, Hoang N, Qian K, Alexander GJ, Xu L, et al. Association of
diabetes mellitus and chronic hepatitis C virus infection. Hepatology. 1999;
29:328–33.

13. Sangiorgio L, Attardo T, Gangemi R, et al. Increased frequency of HCV and HBV
infection in type 2 diabetic patients. Diabetes Res Clin Pract. 2000;48:147–51.

14. Bayramer HF, Erdem I, Gündoğdu TT, Çinar Y, Barut J, Demirtunç R. The
prevalence of hepatitis B and hepatitis C virus in diabetic patients. Marmara
Med J. 2001;14:160–4.

15. Nwokediuko SC, Oli JM. Hepatitis C virus infection in Nigerians with
diabetes mellitus. Niger J Clin Pract. 2008;11:94–9.

16. Cadranel JF, Di Martino V, Lambrey G, Mourlhon C, Nalet B, Anciaux ML,
et al. Prevalence of hepatitis C infection and risk factors in hospitalized
diabetic patients: results of a cross-sectional study. Eur J Gastroenterol
Hepatol. 2008;20:829–36.

17. Gulcan A, Gulcan E, Toker A, Bulut I, Akcan Y. Evaluation of risk factors and
seroprevalence of hepatitis B and C in diabetic patients in Kutahya, Turkey. J
Investig Med. 2008;56:858–63.

18. Sporea I, Sirli R, Hogea C, Sink AA, Serban V. Diabetes mellitus and chronic
HCV infection. Rom J Intern Med. 2010;47:141–7.

19. Jadoon NA, Shahzad MA, Yaqoob R, Hussain M, Ali N. Seroprevalence of
hepatitis C in type 2 diabetes: evidence for a positive association. Virol J.
2010;7:304.

20. Chehadeh W, Kurien SS, Abdella N, Ben-Nakhi A, Al-Arouj M, Almuaili T, et al.
Hepatitis C virus infection in a population with high incidence of type 2 diabetes:
impact on diabetes complications. J Infect Public Health. 2011;4:200–6.

21. Soverini V, Persico M, Bugianesi E, Forlani G, Salamone F, Masarone M, et al.
HBV and HCV infection in type 2 diabetes mellitus: a survey in three
diabetes units in different Italian areas. Acta Diabetol. 2011;48:337–43.

22. Esparza-Martín N, Hernández-Betancor A, Suria-González S, Batista-García F,
Braillard-Pocard P, Sánchez-Santana AY, et al. Serology for hepatitis B and C,
HIV and syphilis in the initial evaluation of diabetes patients referred for an
external nephrology consultation. Nefrologia. 2013;33:124–7.

23. Korkmaz H, Kesli R, Onder Pamuk B, Hilmi Ipekci S, Terzi Y, Kebapcilar L.
Assessment of evidence for positive association and seroprevalence of
hepatitis B and C in diabetic patients in a developing country. J Investig
Med. 2015;63:251–7.

24. Farshadpour F, Taherkhani R, Ravanbod MR, Eghbali SS. Prevalence and
genotype distribution of hepatitis C virus infection among patients with
type 2 diabetes mellitus. Med Princ Pract. 2018;27:308–16.

25. EpaC Onlus. Epatite C: stima del numero di pazienti con diagnosi nota e
non nota residenti in Italia. Aggiornamento. 2018; Available at: https://www.
epac.it/cm-files/2018/09/25/report-epac-2018-summary11-def.pdf (Accessed
25 Sept 2019).

26. Kondili LA, Andreoni M, Alberti A, Lobello S, Babudieri S, Roscini AS, et al.
Estimated prevalence of undiagnosed hepatitis C virus infected individuals
in Italy: a mathematic model to accurately measure HCV prevalence with a
route of transmission granularity. Hepatology. 2019;(70-S1):328A.

27. Kondili LA, Robbins S, Blach S, Gamkrelidze I, Zignego AL, Brunetto MR, et al.
Forecasting hepatitis C liver disease burden on real-life data. Does the hidden
iceberg matter to reach the elimination goals? Liver Int. 2018;38:2190–8.

28. Centers for Disease Control and Prevention (CDC). Testing for HCV infection:
an update of guidance for clinicians and laboratorians. MMWR Morb Mortal
Wkly Rep. 2013;62:362–5.

29. Ballotari P, Chiatamone Ranieri S, Vicentini M, Caroli S, Gardini A, Rodolfi R,
et al. Building a population-based diabetes register: an Italian experience.
Diabetes Res Clin Pract. 2014;103:79–87.

30. Mancuso P, Djuric O, Collini G, Serventi E, Massari M, Zerbini A, et al. Risk of
cancer in individuals with alcohol and drug use disorders: a registry-based
study in Reggio Emilia, Italy. Eur J Cancer Prev. 2020;29:270–8.

31. Picerno I, Di Pietro A, Spataro P, di Benedetto A, Romano G, Scoglio ME. Is
diabetes mellitus a risk factor for HCV infection? Ann Ig. 2002;14:473–7.

32. Balogun WO, Adeleye JO, Akinlade KS, Kuti M, Otegbayo JA. Low prevalence
of hepatitis-C viral seropositivity among patients with type-2 diabetes
mellitus in a tertiary hospital. J Natl Med Assoc. 2006;98:1805–8.

33. Ephraim R, Nsiah P, Osakunor D, Adoba P, Sakyi S, Anto E, et al.
Seroprevalence of hepatitis B and C viral infections among type 2 diabetics:
a cross-sectional study in the Cape Coast Metropolis. Ann Med Health Sci
Res. 2014;4:719–22.

34. Øvrehus A, Nielsen S, Hansen JF, Kinggaard Holm D, Christensen P. Test
uptake and hepatitis C prevalence in 5483 Danish people in drug use
treatment from 1996 to 2015: a registry-based cohort study. Addiction.
2019;114:494–503.

35. Persico M, Masarone M, Aglitti A, Armenante C, Giordano A, Guardiola A,
et al. HCV point-of-care screening programme and treatment options for
people who use drugs in a metropolitan area of southern Italy. Liver Int.
2019;39:1845–51.

36. Stroffolini T, D'Egidio PF, Aceti A, Filippini P, Puoti M, Leonardi C, et al. Hepatitis
C virus infection among drug addicts in Italy. J Med Virol. 2012;84:1608–12.

37. Spada E, Rezza G, Garbuglia AR, Lombardo FL, Zuccaro O, Menniti Ippolito F,
et al. Incidence and risk factors for hepatitis C virus infection among illicit
drug users in Italy. J Urban Health. 2018;95:99–110.

38. Presidenza del consiglio dei ministri dipartimento per le politiche antidroga.
Relazione annuale al parlamento sul fenomeno delle tossicodipendenze in
Italia anno 2019 (dati 2018). Available at: http://www.politicheantidroga.gov.
it/media/2596/rap_2019-dati-2018.pdf. Accessed 28 Feb 2020.

39. Anand BS, Currie S, Dieperink E, Bini EJ, Shen H, Ho SB, et al. Alcohol use
and treatment of hepatitis C virus: results of a national multicenter study.
Gastroenterology. 2006;130:1607–16.

40. Casas MP, García F, Freyre-Carrillo C, Montiel N, de la Iglesia A, Viciana I,
et al. Towards the elimination of hepatitis C: implementation of reflex
testing in Andalusia. Rev Esp Enferm Dig. 2020;112:515–9.

41. World Health Organization. Global hepatitis report 2017. Geneva: World
Health Organization; 2017.

42. Yehia BR, Schranz AJ, Umscheid CA, Lo Re IIIV. The treatment cascade for
chronic hepatitis C virus infection in the United States: a systematic review
and meta-analysis. PLoS One. 2014;9:e101554.

43. Di Biagio A, Cozzi-Lepri A, Prinapori R, Angarano G, Gori A, Quirino T, De
Luca A, et al. Discontinuation of initial antiretroviral therapy in clinical
practice: moving toward individualized therapy. J Acquir Immune Defic
Syndr. 2016;71:263–71.

44. Giorgi Rossi P, Riccardo F, Pezzarossi A, Ballotari P, Dente MG, Napoli C, et al.
Factors influencing the accuracy of infectious disease reporting in migrants:
a scoping review. Int J Environ Res Public Health. 2017;14(7):720.

45. Andriulli A, Stroffolini T, Mariano A, Valvano MR, Grattagliano I, Ippolito AM,
et al. Declining prevalence and increasing awareness of HCV infection in
Italy: A population-based survey in five metropolitan areas. Eur J Intern Med.
2018;53:79–84.

46. Guadagnino V, Stroffolini T, Caroleo B, Menniti Ippolito F, Rapicetta M,
Ciccaglione AR, et al. Hepatitis C virus infection in an endemic southern area of
Italy 14 years later: evidence for a vanishing disease. Dig Liver Dis. 2013;45:403–7.

47. Puoti M, Girardi E. Chronic hepatitis C in Italy: the vanishing of the first and
most consistent epidemic wave. Dig Liver Dis. 2013;45:369–70.

48. Andreoni M, Giacometti A, Maida I, Meraviglia P, Ripamonti D, Sarmati L.
HIV-HCV co-infection: epidemiology, pathogenesis and therapeutic
implications. Eur Rev Med Pharmacol Sci. 2012;16:1473–83.

49. Shield KD, Rehm J, Gmel G, Rehm MX, Allamani A. Alcohol consumption,
alcohol dependence, and related mortality in Italy in 2004: effects of
treatment-based interventions on alcohol dependence. Subst Abuse Treat
Prev Policy. 2013;8:21.

50. Harris RJ, Harris HE, Mandal S, Ramsay M, Vickerman P, Hickman M, et al.
Monitoring the hepatitis C epidemic in England and evaluating intervention
scale-up using routinely collected data. J Viral Hepat. 2019;26:541–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Djuric et al. Infectious Agents and Cancer            (2021) 16:5 Page 11 of 11

https://www.epac.it/cm-files/2018/09/25/report-epac-2018-summary11-def.pdf
https://www.epac.it/cm-files/2018/09/25/report-epac-2018-summary11-def.pdf
http://www.politicheantidroga.gov.it/media/2596/rap_2019-dati-2018.pdf
http://www.politicheantidroga.gov.it/media/2596/rap_2019-dati-2018.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Study design and population
	Endpoints and definitions
	Data sources and linkage
	Statistical analysis

	Results
	Prevalence of outcomes related to HCV cascade of care
	Prevalence of outcomes related to HCV cascade of care by sex and citizenship
	Prevalence of people ever diagnosed with HCV infection markers or active infection (anti-HCV or HCV RNA) by sex and citizenship

	Discussion
	Conclusions
	Supplementary Information
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

