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a b s t r a c t
The advent of potent and safe direct-acting antivirals against the hepatitis C virus has the potential of
fulﬁlling the dream of eliminating this infection and its impact on global public health. However, even if
effective drugs are at hand, most patients remain unaware of their infection, which may be recognized
only in late stages when dire complications have occurred. Europe is not spared by this scourge, with its
estimated 19,000,000 persons infected, and knowledge of the epidemiology of HCV and its drivers is a
critical tool in ﬁghting this virus. A thorough review is provided on the extent of the HCV epidemic across
Europe, with a discussion of the most important subgroups affected, and of the risk factors of infection,
both traditional and new.
© 2014 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction
The hepatitis C virus (HCV) is a major global pathogen, and its
related public health burden is expected to increase further in the
next few years [1,2]. According to some estimates, 3–4 million people are newly infected every year worldwide, and 350,000 patients
die every year due to HCV-related disorders [3]. The toll of HCV
infection is essentially due to its long term hepatic and extrahepatic
consequences [4,5] The limited effectiveness of treatments available until a couple of years ago have led HCV-associated mortality
to exceed that due to the human immunodeﬁciency virus (HIV) in
developed countries, where potent drugs exist to manage HIV [6,7].
It must be added that HCV is widely under documented on death
certiﬁcates [8] and therefore a true appreciation of the HCV-related
health burden is lacking. In addition, the clinical impact of some
extrahepatic disorders, leading to renal, cardiac and cerebrovascular outcomes associated with cryoglobulinemia and diabetes,
has been emphasized only recently [4,5,9,10] and traditionally
neglected in cost-effectiveness analyses. Safe and effective drugs
are now available, although their cost will impose prioritization in
their allocation. Thus, the next challenge will consist in identifying
patients at risk of increased morbidity and mortality due to HCV,
to link them to proper care, and to treat them. Through mathematical modelling, it has recently been shown that continuing to
treat chronic hepatitis C patients with the current uptake rate will
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have a minor impact on the health burden by the year 2030, when
the incidence of terminal stages of liver disease will reach its peak
[2]. Thus, a better knowledge of HCV epidemiology and its movers
may substantially contribute to an effective control of this troubling pandemic by focusing screening strategies on people at risk
of disease progression, in order to get them into proper care and
earlier treatment. The scope of this review article is to provide an
update on the challenges regarding the epidemiology of HCV across
Europe, and to foster the discussion about such potential strategies.
2. General epidemiology of HCV in Europe
A recent study [11], covering the geographical area of Europe
as deﬁned by the WHO (i.e. including the former USSR republics)
has estimated that the prevalence of HCV varies between 2.4%
for Western and Central Europe and 2.9% for Eastern Europe. The
global population of this area is approximately 740,000,000 persons, leading to an estimation of the HCV infected pool of more
than 19,000,000 persons, a number to be adjusted in the future
given the limited evidentiary support, especially for some countries
in Central Europe and for the whole Eastern European bloc. The
shortcomings of this and other studies reside in the fact that evidence is based on surveys often conducted in selected groups, or
excluding high-risk populations such as prison inmates and groups
of persons living in social exclusion. Furthermore, many studies are
outdated and have failed to take into consideration the inﬂuence
of some recent drivers such as migratory movements, including
those regarding war refugees and illegal human trafﬁcking. We will
discuss some of these shortcomings below.
Even more patchy is the evidence concerning the disease burden, although recent studies have tried to ﬁll the gap conducting
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intensive local surveys and expert interviews [12–14]. According
to the study by Perz et al. [3], from the US Centers of Disease
Control and Prevention, the attributable fractions of cirrhosis for
HCV are 38% for Western and 34% for Eastern Europe [3], while
those for hepatocellular carcinoma are, respectively, 44% and 15%.
HCV-speciﬁc mortality is available for a few selected countries. For
example, the mortality due to HCV in Spain is 11.25 per 100,000 [15]
while in France there are 2.5 HCV-associated deaths per 100,000
inhabitants (95% had cirrhosis at the time of death) [16]. Concerning
the disability-adjusted life years (DALYs) related to hepatitis C, the
same Spanish study estimated that approximately 76,000 DALYs –
calculated without applying social values – were attributed to HCV
in 2006, although after the application of the discount rate and ageweighting, the burden of disease is almost halved. Nonetheless, this
study underscored the fact that the overall burden of hepatitis C is
the leading cause of DALYs among transmissible diseases, at least
in Spain, although it is reasonable to assume similar conclusions
for other major European countries. The mortality component, in
the same study, represented more than 90% of the burden of hepatitis C. Overall, estimations via HCV-attributable fractions suggest
that HCV causes more than 86,000 deaths and 1.2 million DALYs in
the WHO European region [17]. Finally, about one-quarter of liver
transplantations performed in 25 European countries in 2004 were
attributable to HCV [17].
Although these ﬁgures are already compelling, recent modelization has estimated how these numbers will increase in the next
decades [2]. The disease progression model took into account the
historical number of HCV infections, the age and gender distribution, the extent and impact of the movers of the HCV viraemic pool
(i.e. so-called inputs and outputs, encompassing acute infections
progressing to chronicity, migration movements, treatment uptake
succeeding into viral eradication and deaths), the progression rates
(based on literature data) and the all-cause mortality data gathered
from the Human Mortality Database [18] adjusted for incremental increases due to drug abuse and blood transfusion. This model
was applied to several major European countries, including Austria,
Belgium, the Czech Republic, Denmark, England, France, Germany,
Portugal, Spain, Sweden and Switzerland [2] (Table 1). Accordingly,
the number of decompensated cirrhosis cases of HCC and the liverrelated mortality will increase by 55–110%, 10–140% and 1–130%,
respectively, across the period 2013–2030, with only one exception
represented by France, where these ﬁgures will decrease by 80%,
85% and 75%, due to the fact that the use of more potent antivirals
will be implemented via an aggressive treatment uptake.
The diagnosis rate is clearly a major hurdle to implement strategies to reduce the future health burden of HCV. As shown recently
[2], countries with a centralized registry, such as Austria, Denmark,
France, Germany, Sweden and Switzerland, tend to boast the highest diagnosis rates (i.e. up to 80% for Sweden), while the lowest rates
were reported for Portugal (33%). Virtually everywhere screening
strategies have been dictated by identiﬁcation of patients with a
history of exposure via the traditional routes. However, screening
strategies based on risk factors have traditionally failed to identify all patients at risk of infection, leaving a sizable proportion of
patients unaware of their infection. The diagnosis rate varies across
European countries between 31% in the Czech Republic and 81% for
Sweden [2], indicating that strategies should be radically modiﬁed
(see below).

3. Old and new drivers of the HCV epidemic: iatrogenic
transmission of HCV
The relative impact of the different drivers of the HCV viraemic
pool (Fig. 1) has changed over recent decades. A signiﬁcant number of individuals acquired HCV in the 1970s and early 1980s, i.e.
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Fig. 1. Inputs and outputs of the hepatitis C viraemic pool in any given geographical
area. Abbreviations: HCV, hepatitis C virus.

before screening assays were available and the improved awareness of blood borne pathogens – catalyzed, among others, by the
AIDS scare – prompted safer medical practices. Across most of
Europe, before the advent of screening assays, most infections
were iatrogenic, i.e. due to transfusions with infected blood and
its derivatives or to unsafe invasive medical and surgical procedures. Although before 1990 the risk of transmitting HCV via blood
transfusions was signiﬁcant (0.45% per unit transfused) [19], the
introduction of screening assays reduced this risk to less than 1 per
1,000,000 units of blood [20], and the transmission of HCV via other
blood products and even organ transplantation has been reduced to
zero. Similarly, the prevalence of HCV in haemophiliacs has been
traditionally very high [21], but after the introduction of recombinant clotting factors new cases of HCV in haemophiliacs have
become exceptional [22]. On the other hand, HCV transmission has
been consistently documented through use of blood-contaminated
objects. A case–control study from Italy showed how the use of
non-disposable needles within or outside the same family bore a
signiﬁcant risk of spreading HCV within close communities [23].
Iatrogenic transmission of HCV has since declined dramatically,
and unsafe injections and medical procedures (such as wound
sutures, surgical interventions and dental treatment) are still a
scourge predominantly in resource-poor areas of the globe [9].
However, some small outbreaks are still reported also in Europe,
due to breaches in standard safety procedures, suggesting insufﬁcient awareness among health care providers, such as the case in
a carefully documented series of patients having undergone sclerotherapy of varicose veins in France [24]. Similarly, an interesting
case–control study on 450 HCV seropositive persons conducted in
France [25] identiﬁed several unconventional risk factors for transmission of HCV and possibly other blood borne agents. Routes at
risk of transmitting HCV included not only nosocomial admissions,
but also digestive endoscopy, abortions, skin ulcer and wound
cares, diathermy, injections, varicose vein sclerotherapy, acupuncture, practice of contact sports, beauty treatments and professional
pedicure/manicure [25].
A strict adherence to standard precautions is obviously mandatory to prevent nosocomial HCV transmission, and this is the
case for digestive endoscopy and invasive radiology procedures, as
shown by studies conducted in Spain [26–28] and France [25,29]
in recent years. Nevertheless, according to a large prospective
cohort study carried out in a tertiary referral hospital in Turin, Italy
[30], all 8260 persons undergoing digestive endoscopy remained
negative for anti-HCV 6 months after the procedure, and even
the 912 patients who had undergone endoscopy with the same
instrument previously used on HCV-infected patients failed to seroconvert to anti-HCV, suggesting that proper hygiene and infection
control practices may avoid transmission of HCV. Using dedicated endoscopy devices and rooms for patients with HCV may be
an excessive measure, whereas experiments conducted on endoscopes intentionally contaminated with HCV and later disinfected
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Table 1
Variation in the estimated number of decompensated cirrhosis cases, hepatocellular carcinoma and liver-related deaths during the period 2013–2030 in selected European
countries.
Decompensated cirrhosis

Austria
Belgium
Czech Republic
Denmark
England
France
Germany
Portugal
Spain
Sweden
Switzerland

HCC

Liver-related deaths

2013

2030

% change

2013

2030

% change

2013

2030

% change

200
820
190
230
860
3650
2430
2410
4230
430
1140

180
1400
390
480
1370
760
2200
4910
6710
360
1790

−10
+70
+105
+110
+60
−80
−10
+105
+60
+15
+55

110
300
90
90
410
1770
1530
1150
2210
270
400

150
640
170
210
920
300
1640
2050
4500
290
740

+35
+110
+90
+140
+125
−85
+10
+80
+105
+10
+85

100
290
80
80
390
1570
1300
890
1940
170
380

130
570
160
180
770
380
1430
1700
3750
170
650

+30
+95
+100
+130
+100
−75
+10
+90
+95
=
+70

Adapted from Ref. [2].
Abbreviations: HCC, hepatocellular carcinoma.

showed that transmission of this virus can be reduced, if not eliminated, with the current mechanical cleaning–washing–disinfection
procedures [31]. On the other hand, invasive radiological procedures may carry the risk if multidose vials of contrast media are
improperly managed.
Transmission of HCV in haemodialysis units has become rare, and
a recent cross-sectional survey conducted in France estimated the
incidence of new HCV infections to be as low as 0.05% per year [32].
A Belgian prospective multicenter study showed a reduction from
1.4% to 0% in the annual incidence of HCV seroconversions, and
this simply by reinforcing universal standard measures designed
to prevent transmission of blood-borne pathogens, i.e. without
any speciﬁc isolation measures [33]. The prevalence of anti-HCV
in haemodialysis patients has decreased in most – but not all –
European countries [34], although micro-outbreaks are still occasionally reported [35]. HCV infection is still the most common
blood-borne viral infection in haemodialysis patients. Guidelines
to reduce transmission have been issued [36], and although the isolation of anti-HCV positive patients is not warranted in all units, it
should be considered where nosocomial transmission of HCV persists despite reinforcement and audit of hygiene precautions [37].
Use of multidose vials, sharing of trivial medical tools (including
gloves) and carts, poor hand hygiene and a low ratio of nurses to
patients may be risk factors of transmission of blood borne agents
in haemodialysis units. In particular, the risk of inadvertently contaminating surfaces with blood by failing to immediately remove
gloves after invasive procedures has been emphasized [38]. It is
worth remembering that HCV environmental stability has been
reassessed recently, and that HCV infectivity on inanimate surfaces
is still detectable in the presence of serum for up to 5 days [39],
whereas in a liquid environment it is detectable for up to 5 months
at lower temperatures [40]. Different alcohols and commercially
available antiseptics can reduce HCV infectivity to undetectable
levels, provided that hand disinfectants are not diluted [40].
4. HCV in people who inject drugs
A formidable cause of transmission of HCV, widely spread
throughout the globe, is represented by sharing the paraphernalia used by people who inject drugs (PWID). It has been estimated
that up to 10,000,000 active drug users may be anti-HCV-positive
worldwide [11]. This is of the highest concern, as drug dependence
and disease burden are highest in young adults (mostly the third
decade) [41].
If the incidence of HCV infections in Europe is estimated at
6.19 per 100,000 inhabitants per year [17], the majority of these
new infections are indeed related to illicit drug use [2]. According
to recent estimates [42] the number PWID in the WHO European

Region is approximately 4.5 millions, among which about 2.0 million are HCV RNA-positive, i.e. 44% of the total. Restricting the area
to the EU/EFTA region (i.e. the 27 EU member states plus Norway,
Iceland, Liechtenstein and Switzerland), the number of PWID is
about 1.2 million, among which 500,000 (or 43%) have HCV RNA.
Indeed, HCV-infected PWID represent a substantial proportion of
patients at risk of advanced liver diseases, and the major reservoir
for the continuous spread of the epidemic. The modalities of transmission in this community are well known: the reuse of syringes
and needles, the sharing of “cookers” (i.e. small containers to dissolve the drug, e.g. even a simple spoon), of cotton ﬁlters and of the
water used to mix the drug, and even of swabs may transmit blood
borne pathogens including HCV [43].
If the incidence of HCV in PWID was dramatically high in the
early 1990s, the implementation of HIV prevention programs has
reduced transmission rates in many countries. The window of infection from the moment PWID start injecting has been lengthening,
suggesting the effectiveness of prevention strategies, including the
access to sterile injection equipment [44], availability of safe injection facilities with on-site care and professional counselling on
harm reduction practices, aimed at modifying injection risk practices and at facilitating medical and substance-abuse treatment.
Counselling can also integrate PWID family members, if necessary.
According to a study conducted in the setting of the Swiss HIV
Cohort, the incidence rate in PWID decreased from 13.89 per 100
person-years in 1998 to a staggering low rate of 2.24 in 2011 [45],
thanks to methadone substitution, needle exchange and heroin
prescription programs. However, the data is not universally encouraging, and the rate of new infections may remain high, especially
among new injectors and prison inmates. This is exempliﬁed by a
study carried out in London, where despite the existence of prevention programs, the HCV incidence rates remain as high as 41.8 cases
per 100 person-years [46]. In Russia, which has the highest number (1.3 million) of anti-HCV-positive PWID [47] needle and syringe
exchange programs are still poorly implemented, as in most Eastern European countries [48], incidence rates are likely to be even
higher, although precise data is lacking.
The prevalence of anti-HCV among PWID varies among
countries, although rates are constantly very high. The proportion ranges between 50% in Cyprus [49] to >80% in Germany [50],
Italy [51] The Netherlands, Estonia, Lithuania and Portugal [47]. A
study from St Petersburg [52] reported a prevalence of anti-HCV
as high as 94.6% among PWID. Notable risk factors associated with
an increased risk of being infected in the PWID community include
older age, unemployment, a higher number of rehabilitation treatment episodes, current co-consumption of cocaine and a longer
history of injecting drug use [50,51]. PWID are also at risk of infection with other blood borne pathogens. For example, the study by
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Reimer et al. [50] analyzed the serological status for the hepatitis
A virus (HAV), HBV and HCV in 1512 abusers admitted for opiate
detoxiﬁcation and concluded that coinfections were highly relevant
in injecting drug users. Antibodies to HAV were present in 57.7%,
to HBV in 53.0%, and to HCV in 75.0% of the persons. Lack of any
hepatic marker was reported in only 11.2%, whereas at least one
marker was positive in 24.7%, two markers were positive in 31.2%,
and all markers were positive in as many as 32.9% of the total, and
this even though HAV does not share the same risk factors as HBV
or HCV transmission [50]. A most relevant coinfection is obviously
represented by HIV. It is estimated that as many as 7 million persons
are coinfected with HIV and HCV globally [53]. The prevalence of
coinfection is quite variable, and it depends on the local prevalence
of injection drug use, and the relative prevalence of both viruses: on
average, up to one third of HCV-infected PWID are also coinfected
with HIV. The coinfection with HIV is a major disease modiﬁer in the
natural history of chronic hepatitis C. According to a meta-analysis
on 3567 individuals coinfected with HIV/HCV from 17 studies [54]
the prevalence of cirrhosis after 20 and 30 years of HCV infection
was 21% and 49%, with a rate ratio of cirrhosis more than twice
the rate reported for monoinfected patients. This trend was only
partially corrected by antiretroviral therapy.
Mortality in HCV-infected PWID is exceedingly high, but mostly
not due to liver-related causes. In a seminal community-based linkage study from Australia, drug-related standardized mortality rates
were dramatically high, especially in people between 15 and 24
years of age [55]. The generalization of these data is arduous, but
a Swiss study showed that HCV-infected patients with a history of
drug use had a standardized mortality ratio of 9.65 (6.90–13.51)
[56]. Mortality in PWID is largely attributable to drug overdose,
suicide, accidents, concomitant alcohol abuse, and coinfections.
It has been suggested that HCV-infected PWID should be treated
aggressively, with antiviral administration being considered also
as a preventive tool to avoid the spread of the infection within
the PWID community. Scale-up of opiate substitution and needle/syringe exchange programs is however mandatory to optimize
the control of the epidemic [57]. Drug price will certainly represent an issue given the scale of the problem [58]. In addition,
control of coinfections and concomitant substance abuse must be
implemented.

5. The new challenge: HCV in migrants
Arguably the most important input contributing to the HCV
viraemic pool in many resource-rich countries is provided by
HCV-infected immigrants coming from countries traditionally characterized by a high endemicity rate. Few studies have been
performed on this sensitive topic, which, however, deserves
thorough attention. The proportion of anti-HCV-positive persons
among the total infected population in a given country can be as
high as one quarter and one third of the total, such as in the case
of The Netherlands and Germany, respectively [59]. In Germany,
strong immigration ﬂows from Turkey have contributed to the HCV
pool: a report shows that the HCV prevalence among Turkish immigrants is comparable to that reported in their country of origin
[60]. Furthermore, in Germany, immigration from Eastern Europe
(mostly Poland and Russia) has also contributed to the estimated
23–37% of HCV-infected persons not of German nationality [61].
In Switzerland, detailed estimates based on ﬁgures provided by
the Federal Ofﬁce of Statistics [62,63] have shown that during the
decade 2002–2011 no less than 655 viraemic infections were added
annually to the HCV viraemic pool via the immigration/emigration
balance, i.e. more than twice the input due to acute HCV infections
progressing to chronicity (author’s unpublished data). These data
suggest that targeted screening programs – possibly extended to
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other infectious diseases such as hepatitis B – may help in limiting
the future health burden due to migration.
6. What is the role of sex in HCV transmission?
Heterosexual transmission is not a signiﬁcant driver of the HCV
epidemic. A large US cross-sectional study on 500 monogamous,
heterosexual, anti-HIV-negative cases and their partners (with an
anti-HCV prevalence of 4%), followed for a median duration of sexual activity of 15 years (range 2–52 years), showed that only three
couples at the end of follow-up had HCV RNA sequences compatible with interspousal transmission, with an incidence rate of 0.07%
per year (i.e. 1 per 190,000 sexual contacts) [64]. This risk is lower
than that estimated in the past by a study from Southern Italy
[65]. Nonetheless, heterosexual transmission is unlikely to affect
the spread of HCV. Despite this, HCV transmission has become a
major problem in HIV-positive homosexual men. Here, the incidence
of HCV has increased by about 20-fold during the past 15 years, from
0.23 to 4.09 per 100 person-years [45]. Risk factors predisposing to
HCV acquisition include history of inconsistent condom use, past
syphilis and unprotected anal intercourse with multiple partners.
Reinfection after clearance is also possible. This community may
also soon become the target of a speciﬁc treatment-as-prevention
program, as advocated for PWID.
7. The HCV crisis in prisons
Incarcerated persons are characterized by high prevalence of
blood borne and sexually transmitted pathogens. Although some
data suggest that this phenomenon is to some extent declining
[66–68], this population still bears a signiﬁcant share of the HCV
epidemic: the prevalence of HCV infection is indeed higher among
prison inmates compared with the general population primarily because of the massive high risk behaviour, mostly sharing
drug injection paraphernalia (see below). Despite the size of the
problem, the number of large-scale, well-conducted studies is surprisingly low, as is the provision of speciﬁc care programs. In
Europe, carefully conducted prevalence and incidence studies are
scarce and concern only a few countries, while for the majority, especially the Eastern European countries, virtually no data is
available. Ofﬁcial guidelines speciﬁcally aimed at managing viral
hepatitis in inmates have been published only rarely [69].
A prison sentence obviously provides the opportunity to manage
traditionally hard-to-reach patients. Thus, correctional facilities
should be considered as important locations not only for applying screening strategies, but also for preventive and therapeutic
interventions, and the very moment of incarceration seems to
provide an ideal opportunity for testing and treating [70]. Indeed,
a signiﬁcant proportion of subjects may be identiﬁed with a previously unknown infection [71]. Unfortunately, testing uptake is
disappointingly low [72,73]. Both personal and institutional barriers have been identiﬁed: prisoners’ fears and lack of knowledge
about HCV, lack of motivation and/or of awareness about the testing procedure, concerns about conﬁdentiality, fear of stigma but
also complex procedures for testing, inadequate pre- and posttest counselling, lack of pro-active approaches from the personnel,
and lack of continuity of care after release from prison. These factors may account in part for the paucity of good quality studies
on this sensitive topic. Some data focusing on the prevalence and
incidence of the major blood borne pathogens and the risk factors
associated with their acquisition is, however, available from a few
countries. Intravenous drug use is obviously the most important
factor for HCV infection and its spread whilst in prison. A crosssectional survey carried out on inmates in six European prisons
(France, Germany, Italy, The Netherlands, Scotland and Sweden)
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[74] showed that 27% had injected drugs at least once and that
half had injected whilst in prison. According to a meta-analysis
[75], PWID were approximately 24 times more likely than nonPWID to be infected with HCV in European prisons. Two important
cross-sectional studies from the Department of Community Health
and General Practice at Trinity College, Dublin, Ireland, clearly pinpointed the fact that serving a prison term exposed inmates to
infection due to the sharing of harmful behaviours. In the ﬁrst
study, the anti-HCV prevalence rate was the lowest (3%) among
those who had never previously been in prison, and only 7% of
these reported ever injecting drugs, while 40% of those previously
in prison did so [76]. In the second study [77], where the antiHCV prevalence rate was a worrying 37%, a ﬁfth of PWID reported
ﬁrst injecting in prison, and 71% users reported sharing needles
in prison. Similarly, in a large study from Spain [78], where the
proportion of anti-HCV-positive inmates was even higher (48%),
the variables associated with HCV infection by logistic regression
analysis included the months spent in prison and a history of previous prison sentences. In a further nationwide study from England
and Wales [79], 24% of adult prisoners reported having injected
drugs, 30% of these reported having injected in prison, with three
quarters admitting to having shared needles or syringes. Overall,
these studies indicate the urgent need for preventive measures,
such as harm reduction programs, to be implemented in prisons
as from admission. The need is further stressed by the risk of contracting multiple infections with additional blood borne pathogens
during prison stay, such as HBV and HIV. This risk is exempliﬁed
by two Spanish studies where monoinfections were very uncommon (overall: 13%) [80] and 40.5% of anti-HCV-positive inmates
were co-infected with HIV while 1.5% had a triple virus co-infection
(HBV + HCV + HIV) [67]. Interestingly, the latter study observed also
that the prevalence of HCV has decreased in the Spanish prison population, probably as a result of an increase in immigrant prisoners
who are not traditionally PWID.
The ﬁrst prison-based syringe exchange program started in 1992
in Switzerland, and was then extended to Germany and Spain.
According to a review of the problem [81], drug use decreased or
remained stable over time, syringe sharing declined, and no new
cases of HIV, hepatitis B or hepatitis C transmission were reported.
There were no reports of program misuse, e.g. initiation of injection while in prison or use of needles as weapons, showing that
such syringe exchange programs are feasible in prisons, and may
reduce risk behaviour and the transmission of blood-borne infections without untoward consequences.
A major debate concerns the effectiveness of treating inmates
with antivirals. If screening uptake is low, as seen above, and attrition rates are seemingly high, especially at the time inmates are
referred to specialists upon discharge, the yield of patients eligible for treatment is very low, at 7/1000 inmates tested [82]. In
one study, only 7% of HCV RNA positive inmates received treatment while in prison [72]. It was therefore suggested that a prison
outreach clinic may provide the ideal setting to deliver effective
therapy. Why are so many patients not treated? Many factors
seem subjective and therefore modiﬁable, i.e. depending on patient
education and adequate care [72]. Reasons encompass lack of
awareness and motivation, fear of side effects, impending release or
prison transfer, but also medical contraindications, such as psychiatric and neurological disorders [72]. The advent of well tolerated
direct acting antivirals may obviously eliminate many residual barriers, once logistic issues are properly addressed. In fact, once all
barriers are overcome, SVR rates can be high in this setting, probably due to elevated adherence rates [83], with the recurrence of
intravenous drug consumption (in or out of prison) as the only predictive factor of treatment interruption [84], suggesting the need
for integrated management of viral infections and dependence.
Counselling is mandatory, as reinfection is frequent once SVR has

been achieved. In an interesting study from Catalonia [85], 119
inmates (81% former PWID) who had achieved SVR were followed
on average for 1.4 years: HCV reinfection occurred in nine former
PWID, corresponding to an overall reinfection rate of 5.27 cases per
100 person-years. Active drug use and engaging in more than one
risk behaviour after treatment predicted reinfection.
8. Mother-to-infant transmission of HCV
Mother-to-infant transmission of HCV is the ﬁrst cause of HCV
infection among children in developed countries, including Europe.
The average risk is, however, low, i.e. about 4% per birth, with about
one third of transmissions occurring in utero [86]. Factors predisposing to transmission are a high maternal viral load – although no
threshold has been set –, maternal drug use and an untreated HIV
infection. A systematic review of 18 observational studies on 3264
participants showed how no intervention could reduce the risk
for mother-to-infant transmission and clearly stated that breastfeeding can be safely carried out [86]. With the advent of safe,
well tolerated and highly efﬁcacious direct acting antivirals, more
and more mothers may opt for a pre-emptive treatment to eradicate HCV before a planned pregnancy. Therefore, the indication to
screen before pregnancy may soon become the subject of debate.
9. Conclusions
The arrival of potent antivirals, administered in short courses
of treatment, without major side effects or contraindications has
opened a new era in the management of HCV worldwide. The next
greatest challenge will be the identiﬁcation of patients who are
unaware of their infection before serious liver-related or extrahepatic complications develop. This confers a new role on full-scale
epidemiological work: the number of diagnosed HCV infections is
still too low in many countries, and risk-based screening strategies have traditionally failed to identify all infected patients. Even
more importantly, continuing to treat with the current uptake, disparagingly low in some countries, will have little impact on the
HCV-related health burden in the next decades. Models have estimated that the number to be treated annually with potent antivirals
should be multiplied by a factor of 4 in order to signiﬁcantly reduce
HCV-related mortality by the year 2030 [87]. Thus, more effective
screening strategies should be adopted, as was the case recently
for the US, with the proposal of a birth cohort screening policy [88].
The necessity to adapt this approach to the realities of each single
European country, where the patients’ age distribution may vary,
has been discussed recently [14], and is beyond the scope of this
short review. However, birth cohort screening seems cost-effective
[89], provided that patients are then managed accordingly. We may
be on the brink of an effective solution for the HCV epidemic.
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[19] Donahue JG, Muñoz A, Ness PM, et al. The declining risk of post-transfusion
hepatitis C virus infection. New England Journal of Medicine 1992;327:369–73.
[20] Pomper GJ, Wu Y, Snyder EL. Risks of transfusion-transmitted infections: 2003.
Current Opinion in Hematology 2003;10:412–8.
[21] Mauser-Bunschoten EP, Bresters D, van Drimmelen AA, et al. Hepatitis C infection and viremia in Dutch hemophilia patients. Journal of Medical Virology
1995;45:241–6.
[22] Pipe S. Consideration in hemophilia therapy selection. Seminars in Hematology
2006;43(Suppl. 3):S23–7.
[23] Chiaramonte M, Stroffolini T, Lorenzoni U, et al. Risk factors in communityacquired chronic hepatitis C virus infection: a case–control study in Italy.
Journal of Hepatology 1996;24:129–34.
[24] de Lédinghen V, Trimoulet P, Mannant PR, et al. Outbreak of hepatitis C virus
infection during sclerotherapy of varicose veins: long-term follow-up of 196
patients (4535 patient-years). Journal of Hepatology 2007;46:19–25.
[25] Karmochkine M, Carrat F, Dos Santos O, et al. A case–control study of risk factors
for hepatitis C infection in patients with unexplained routes of infection. Journal
of Viral Hepatitis 2006;13:775–82.
[26] Quer J, Esteban JI, Sánchez JM, et al. Nosocomial transmission of hepatitis C virus
during contrast-enhanced computed tomography scanning. European Journal
of Gastroenterology and Hepatology 2008;20:73–8.
[27] González-Candelas F, Guiral S, Carbó R, et al. Patient-to-patient transmission of hepatitis C virus (HCV) during colonoscopy diagnosis. Virology Journal
2010;7:217.
[28] Saludes V, Esteve M, Casas I, et al. Hepatitis C virus transmission during
colonoscopy evidenced by phylogenetic analysis. Journal of Clinical Virology
2013;57:263–6.

S163

[29] Delarocque-Astagneau E, Pillonel J, De Valk H, et al. An incident case–control
study of modes of hepatitis C virus transmission in France. Annals of Epidemiology 2007;17:755–62.
[30] Ciancio A, Manzini P, Castagno F, et al. Digestive endoscopy is not a major
risk factor for transmitting hepatitis C virus. Annals of Internal Medicine
2005;142:903–9.
[31] Chanzy B, Duc-Bin DL, Rousset B, et al. Effectiveness of a manual disinfection
procedure in eliminating hepatitis C virus from experimentally contaminated
endoscopes. Gastrointestinal Endoscopy 1999;50:147–51.
[32] Sauné K, Kamar N, Miédougé M, et al. Decreased prevalence and incidence of
HCV markers in haemodialysis units: a multicentric French survey. Nephrology,
Dialysis, Transplantation 2011;26:2309–16.
[33] Jadoul M, Cornu C, van Ypersele de Strihou C. Universal precautions prevent
hepatitis C virus transmission: a 54 month follow-up of the Belgian Multicenter
Study. The Universitaires Cliniques St-Luc (UCL) Collaborative Group. Kidney
International 1998;53:1022–5.
[34] Jadoul M, Poignet JL, Geddes C. The changing epidemiology of hepatitis C virus
(HCV) infection in haemodialysis: European multicentre study. Nephrology,
Dialysis, Transplantation 2004;19:904–9.
[35] Spada E, Abbate I, Sicurezza E, et al. Molecular epidemiology of a hepatitis
C virus outbreak in a hemodialysis unit in Italy. Journal of Medical Virology
2008;80:261–7.
[36] Kidney Disease: Improving Global Outcomes (KDIGO). KDIGO clinical practice
guidelines for the prevention, diagnosis, evaluation, and treatment of hepatitis
C in chronic kidney disease. Kidney International Supplement 2008:S1–99.
[37] Fabrizi F, Messa P, Martin P. Transmission of hepatitis C virus infection
in hemodialysis: current concepts. International Journal of Artiﬁcial Organs
2008;31:1004–16.
[38] Girou E, Chevaliez S, Challine D, et al. Determinant roles of environmental
contamination and noncompliance with standard precautions in the risk of
hepatitis C virus transmission in a hemodialysis unit. Clinical Infectious Diseases 2008;47:627–33.
[39] Doerrbecker J, Friesland M, Ciesek S, et al. Inactivation and survival of hepatitis
C virus on inanimate surfaces. Journal of Infectious Diseases 2011;204:1830–8.
[40] Ciesek S, Friesland M, Steinmann J, et al. How stable is the hepatitis C virus
(HCV)? Environmental stability of HCV and its susceptibility to chemical biocides. Journal of Infectious Diseases 2010;201:1859–66.
[41] Degenhardt L, Whiteford HA, Ferrari AJ, et al. Global burden of disease
attributable to illicit drug use and dependence: ﬁndings from the Global Burden
of Disease Study 2010. Lancet 2013;382:1564–74.
[42] Hope VD, Eramova I, Capurro D, et al. Prevalence and estimation of hepatitis B
and C infections in the WHO European Region: a review of data focusing on the
countries outside the European Union and the European Free Trade Association.
Epidemiology and Infection 2014;142:270–86.
[43] Hagan H, Thiede H, Weiss NS, et al. Sharing of drug preparation equipment as
a risk factor for hepatitis C. American Journal of Public Health 2001;91:42–6.
[44] Hurley SF, Jolley DJ, Kaldor JM. Effectiveness of needle-exchange programmes
for prevention of HIV infection. Lancet 1997;349:1797–800.
[45] Wandeler G, Gsponer T, Bregenzer A, et al. Hepatitis C virus infections in the
Swiss HIV cohort Study: a rapidly evolving epidemic. Clinical Infectious Diseases 2012;55:1408–16.
[46] Judd A, Hickman M, Jones S, et al. Incidence of hepatitis C virus and HIV among
new injecting drug users in London: prospective cohort study. British Medical
Journal 2005;330:24–5.
[47] Nelson PK, Mathers BM, Cowie B, et al. Global epidemiology of hepatitis B and
hepatitis C in people who inject drugs: results of systematic reviews. Lancet
2011;378:571–83.
[48] Aceijas C, Hickman M, Donoghoe MC, et al. Access and coverage of needle and
syringe programmes (NSP) in Central and Eastern Europe and Central Asia.
Addiction 2007;102:1244–50.
[49] Demetriou VL, van de Vijver DA, Hezka J, et al. Hepatitis C infection among intravenous drug users attending therapy programs in Cyprus. Journal of Medical
Virology 2010;82:263–70.
[50] Reimer J, Lorenzen J, Baetz B, et al. Multiple viral hepatitis in injection drug
users and associated risk factors. Journal of Gastroenterology and Hepatology
2007;22:80–5.
[51] Camoni L, Regine V, Salfa MC, et al. Continued high prevalence of HIV HBV and
HCV among injecting and noninjecting drug users in Italy. Annali dell’Istituto
Superiore di Sanità 2010;46:59–65.
[52] Paintsil E, Verevochkin SV, Dukhovlinova E, et al. Hepatitis C virus infection
among drug injectors in St Petersburg Russia: social and molecular epidemiology of an endemic infection. Addiction 2009;104:1881–90.
[53] Taylor LE, Swan T, Mayer KH. HIV coinfection with hepatitis C virus: evolving epidemiology and treatment paradigms. Clinical Infectious Diseases
2012;55(Suppl. 1):S33–42.
[54] Thein HH, Yi Q, Dore GJ, et al. Natural history of hepatitis C virus infection
in HIV-infected individuals and the impact of HIV in the era of highly active
antiretroviral therapy: a meta-analysis. AIDS 2008;22:1979–91.
[55] Amin J, Law MG, Bartlett M, et al. Causes of death after diagnosis of hepatitis B or hepatitis C infection: a large community-based linkage study. Lancet
2006;368:938–45.
[56] Prasad L, Spicher VM, Negro F, et al. Little evidence that hepatitis C virus leads
to a higher risk of mortality in the absence of cirrhosis and excess alcohol
intake: the Swiss Hepatitis C Cohort Study. Journal of Viral Hepatitis 2009;16:
644–9.

S164

F. Negro / Digestive and Liver Disease 46 (2014) S158–S164

[57] Martin NK, Hickman M, Hutchinson SJ, et al. Combination interventions to prevent HCV transmission among people who inject drugs: modeling the impact
of antiviral treatment, needle and syringe programs, and opiate substitution
therapy. Clinical Infectious Diseases 2013;57(Suppl. 2):S39–45.
[58] Bruggmann P. Treatment as prevention: the breaking of taboos is required
in the ﬁght against hepatitis C among people who inject drugs. Hepatology
2013;58:1523–5.
[59] http://ecdc.europa.eu/en/publications/Publications/TER 100914 Hep B C%20
EU neighbourhood.pdf
[60] Akinci A, Bilgin Y, Erkal MZ, et al. Hepatitis B and C virus serology in Turks living
in Germany – a comparison of Turkey and Germany in view of migration. In:
Postgraduate course at the European association for the study of the liver. 1998.
[61] Hüppe D, Zehnter E, Mauss S, et al. Epidemiology of chronic hepatitis C in
Germany – an analysis of 10,326 patients in hepatitis centres and outpatient
units. Zeitschrift fur Gastroenterologie 2008;46:34–44.
[62] Federal Statistical Ofﬁce. State & society – Population by immigrant
background; 2013. Available at: https://www.destatis.de/DE/ZahlenFakten/
GesellschaftStaat/Bevoelkerung/MigrationIntegration/Migrationshintergrund/
Tabellen/MigrationshintergrundDoppelstaatler.html
[63] Federal Statistical Ofﬁce. State & society-Population by immigrant background; 2013. Available at: https://www.destatis.de/DE/ZahlenFakten/
GesellschaftStaat/Bevoelkerung/MigrationIntegration/Migrationshintergrund/
Tabellen/MigrationshintergrundDoppelstaatler.html
[64] Terrault NA, Dodge JL, Murphy EL, et al. Sexual transmission of hepatitis C virus
among monogamous heterosexual couples: the HCV partners study. Hepatology 2013;57:881–9.
[65] Piazza M, Sagliocca L, Tosone G, et al. Sexual transmission of the hepatitis C
virus and efﬁcacy of prophylaxis with intramuscular immune serum globulin. A
randomized controlled trial. Archives of Internal Medicine 1997;157:1537–44.
[66] Varan AK, Mercer DW, Stein MS, et al. Hepatitis C seroprevalence among
prison inmates since 2001: still high but declining. Public Health Reports
2014;129:187–95.
[67] Saiz de la Hoya P, Marco A, García-Guerrero J, et al. Hepatitis C and B prevalence
in Spanish prisons. European Journal of Clinical Microbiology and Infectious
Diseases 2011;30:857–62.
[68] Brant LJ, Hurrelle M, Balogun MA, et al. Where are people being tested for antiHCV in England? Results from sentinel laboratory surveillance. Journal of Viral
Hepatitis 2008;15:729–39.
[69] Almasio PL, Babudieri S, Barbarini G, et al. Recommendations for the prevention,
diagnosis, and treatment of chronic hepatitis B and C in special population
groups (migrants, intravenous drug users and prison inmates). Digestive and
Liver Disease 2011;43:589–95.
[70] Semaille C, Le Strat Y, Chiron E, et al. Prevalence of human immunodeﬁciency
virus and hepatitis C virus among French prison inmates in 2010: a challenge
for public health policy. Euro Surveillance 2013;18.
[71] Sagnelli E, Starnini G, Sagnelli C, et al. Blood borne viral infections, sexually
transmitted diseases and latent tuberculosis in Italian prisons: a preliminary
report of a large multicenter study. European Review for Medical and Pharmacological Sciences 2012;16:2142–6.
[72] Horne JA, Clements AJ, Drennan P, et al. Screening for hepatitis C virus in the
Dartmoor prison population: an observational study. Journal of Public Health
2004;26:372–5.

[73] Khaw FM, Stobbart L, Murtagh MJ. ‘I just keep thinking I haven’t got it because
I’m not yellow’: a qualitative study of the factors that inﬂuence the uptake of
Hepatitis C testing by prisoners. BMC Public Health 2007;7:98.
[74] Rotily M, Weilandt C, Bird SM, et al. Surveillance of HIV infection and related
risk behaviour in European prisons. A multicentre pilot study. European Journal
of Public Health 2001;11:243–50.
[75] Vescio MF, Longo B, Babudieri S, et al. Correlates of hepatitis C virus seropositivity in prison inmates: a meta-analysis. Journal of Epidemiology and
Community Health 2008;62:305–13.
[76] Long J, Allwright S, Barry J, et al. Prevalence of antibodies to hepatitis B, hepatitis
C, and HIV and risk factors in entrants to Irish prisons: a national cross sectional
survey. British Medical Journal 2001;323:1209–13.
[77] Allwright S, Bradley F, Long J, et al. Prevalence of antibodies to hepatitis B,
hepatitis C, and HIV and risk factors in Irish prisoners: results of a national
cross sectional survey. British Medical Journal 2000;321:78–82.
[78] Martín Sánchez V, Ferrer Castro V, Pallas Álvarez JR, et al. Seroprevalence of
hepatitis C virus infection at the time of entry to prison in the prison population in the north-east of Spain. Revista Española de de Salud Pública 1998;72:
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