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H. Hofer,42 P. Husa,43 R. Idilman,44,† M. K�aberg,31,† K. D. E. Kaita,45,46 A. Kautz,47

S. Kaymakoglu,48 M. Krajden,49 H. Krarup,50 W. Laleman,51 D. Lavanchy,52 P. L�azaro,15,†

P. Marotta,53 S. Mauss,54 M. C. Mendes Correa,55,† B. M€ullhaupt,56,† R. P. Myers,57,†

F. Negro,58,† V. Nemecek,59 N. €Ormeci,60,† J. Parkes,61 K. M. Peltekian,62,63 A. Ramji,64

H. Razavi,30,† N. Reis,65 S. K. Roberts,66 W. M. Rosenberg,67,† R. Sarmento-Castro,68

C. Sarrazin,69,† D. Semela,70 G. E. Shiha,71 W. Sievert,72,† P. St€arkel,73 R. E. Stauber,74

A. J. Thompson,75 P. Urbanek,76 I. van Thiel,47,77 H. Van Vlierberghe,78,† D.
Vandijck,78,79,80 W. Vogel,81,† I. Waked,82,† H. Wedemeyer,22,† N. Weis,83 J. Wiegand,2

A. Yosry,25 A. Zekry,84 P. Van Damme,85,† S. Aleman86,87,† and S. J. Hindman30,† 1Arud

Centres for Addiction Medicine, Zurich, Switzerland; 2University of Leipzig, Leipzig, Germany; 3Department of Infectious Diseases, Odense University

Hospital, Odense, Denmark; 4Erasme University Hospital, Universit�e Libre de Bruxelles, Brussels, Belgium; 5Department of Gastroenterology,

Federal University of the State of Rio de Janeiro (Universidade Federal do Estado do Rio de Janeiro), Rio de Janeiro, Brazil; 6D�epartement Sant�e
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SUMMARY. Chronic infection with hepatitis C virus (HCV) is

a leading indicator for liver disease. New treatment options

are becoming available, and there is a need to characterize

the epidemiology and disease burden of HCV. Data for preva-

lence, viremia, genotype, diagnosis and treatment were

obtained through literature searches and expert consensus

for 16 countries. For some countries, data from centralized

registries were used to estimate diagnosis and treatment

rates. Data for the number of liver transplants and the pro-

portion attributable to HCV were obtained from centralized

databases. Viremic prevalence estimates varied widely

between countries, ranging from 0.3% in Austria, England

and Germany to 8.5% in Egypt. The largest viremic popula-

tions were in Egypt, with 6 358 000 cases in 2008 and Bra-

zil with 2 106 000 cases in 2007. The age distribution of

cases differed between countries. In most countries, preva-

lence rates were higher among males, reflecting higher rates

of injection drug use. Diagnosis, treatment and transplant

levels also differed considerably between countries. Reliable

estimates characterizing HCV-infected populations are criti-

cal for addressing HCV-related morbidity and mortality.

There is a need to quantify the burden of chronic HCV infec-

tion at the national level.

Keywords: diagnosis, disease burden, epidemiology, HCV,

hepatitis C, incidence, mortality, prevalence, treatment.

INTRODUCTION

Hepatitis C viral (HCV) infection is a major public health

burden in many countries [1], and a number of new treat-

ment options will become available in the coming years

that promise convenience (oral therapies) with a higher

efficacy (cure rates >90%), a shorter duration of treatment

(12–24 weeks) and fewer side effects and contraindications

as compared to the current standard of care. In the light of

these options, clinicians and government agencies will

require reliable data to evaluate how to utilize these thera-

pies most efficiently. A number of studies have character-

ized HCV infection rates across different countries [2–6],

but they have typically focused on quantifying the total

Abbreviations: BASL, Belgium Association for the Study of Liver; CHC, chronic hepatitis C; DAA, direct-acting antiviral agent; G, Genotype;

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IDU, injection drug use; INE, National Institute of Statistics; IRODaT, International

Registry on Organ Donation and Transplantation; PEG-IFN, Pegylated interferon; PHAC, Public Health Agency of Canada; PI, protease

inhibitor; RBV, ribavirin; RNA, ribonucleic acid; RVR, rapid viral response; SVR, sustained viral response; UN, United Nations.
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number of HCV infections. In addition, as described below,

many countries have published national data in local or

regional journals, but they typically focus on one aspect of

HCV epidemiology.

The aim of this study was to develop consensus esti-

mates, using the best available published and unpublished

data, for the total number of viremic infections (HCV ribo-

nucleic acid positive or chronic HCV cases), the total num-

ber of viremic diagnosed individuals, the number of

viremic newly diagnosed, annual number of treated

patients and the number of liver transplants attributed to

HCV in each country. The countries were selected based

on the availability of published data and the willingness of

the expert panel to meet. Other countries are being analy-

sed and will be published separately.

METHODOLOGY

A systematic review of the literature was conducted to

identify studies reporting the total number of HCV cases

diagnosed, treated and cured. The review encompassed all

studies between January 1990 and July 2013. Indexed

articles were found by searching PubMed and Embase.

Nonindexed sources were identified through individual

countries’ ministry of health websites and international

agencies’ reports. In addition, an expert panel in each

country provided proceedings of local conferences, unpub-

lished data and data from large liver centres that could be

extrapolated to the national level and government reports.

Face-to-face meetings were conducted to review findings

and analyses with the expert panel. When no input data

were available, it was explicitly stated, and analogues (data

from countries with a similar healthcare practice and/or

risk factors) or expert inputs were used. Ranges were used

to capture uncertainty in inputs, with wider ranges imply-

ing greater uncertainty.

Viremic infections represented current HCV or chronic

HCV infections. The term viremic was used throughout

this study to highlight the presence of HCV virus. The term

chronic hepatitis C (CHC) was also used to represent vire-

mic infections. The term incidence was used for new HCV

infections and not newly diagnosed.

Unless stated, population data were obtained from the

United Nations (UN) population database by age, gender

and 5-year age cohort [7]. Population data for the follow-

ing countries were collected as listed:

Egypt – Population estimates came from the UN data-

base for 1950–2005 and future >2013 [7]. For the

years 2006–2012, population data came from the

Egyptian Central Agency for Public Mobilization and

Statistics [8]. Age and gender distribution in 2012 was

used for future years.

England – Population estimates were calculated as a per

cent of the total UK population, obtained by 5-year age

and gender cohorts from the UN population database

[7]. The per cent of the UK population residing in Eng-

land in 1991, 2001 and 2011 was obtained from the

Office of National Statistics [9].

Portugal – Data for 1950–1969 were obtained from the

UN population database [7]. For 1970–1975, median

population values from the UN and the Instituto Nac-

ional de Estat�ıstica (INE) were used to ensure a smooth

transition between the two data sets [10,11]. For 1976

onward, INE population data were applied exclusively.

Spain – The National Statistics Institute of Spain, Insti-

tuto Nacional de Estad�ıstica (INE) and the UN popula-

tion database were used [12,13]. INE provided

historical data describing the time period from 1970 to

2011. Population estimates for 1950–1969 and 2012–

2100 were obtained from the UN World Population

Prospects and trended according to the figures provided

by INE.

Sweden – Population data were obtained from the UN

population database, with validation of data from Swed-

ish Population Registry at Statistics Sweden [14].

Switzerland – Population data were from the Swiss Fed-

eral Office of Statistics and the UN population database

[7,15].

Turkey – Population data were obtained from the Turk-

ish Statistical Institute [16,17].

The annual number of liver transplants was gathered

from national or international databases and adjusted for

the percentage attributed to HCV. The number of anti-

body-positive and RNA-positive diagnosed cases was gath-

ered from national databases, use of analogues or expert

panel input. When published or official data were not

available, it was explicitly stated. In most cases, the

national databases reported antibody-positive infections,

and a separate analysis was used to estimate per cent vire-

mic. In countries where HCV was a notifiable infection and

a reliable annual number of newly diagnosed cases were

reported, the total diagnosed cases were calculated by sum-

ming data from all years after taking into consideration

the mortality among the diagnosed cases. In countries

where the number of total and newly diagnosed cases was

not available, expert panel input was used. Diagnosis rates

from the known countries (analogues) were provided to

the expert panel, and the panel selected one or more coun-

tries that had similar profiles. It was assumed that the vire-

mic rate among the diagnosed population was the same as

the total infected population, and the same viremic rate

was used to estimate the number of viremic diagnosed

individuals.

Two methods were used to estimate the total number of

treated HCV patients. In countries where reliable national

data were available, the reported numbers were used. In

other countries, the annual number of units of pegylated

interferon (PEG-IFN) or ribavirin (RBV) sold, as reported by

© 2014 John Wiley & Sons Ltd
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IMS Health [18], was converted to treated patients using

the average number of units per patient. The number of

treated patients was calculated using the genotype distribu-

tion of the infected population (assumed the genotype dis-

tribution of the treated population was the same as the

overall population), duration of treatment for each geno-

type, the number of PEG-IFN or RBV units per week and

the per cent of patients who completed their treatment

(80% in most countries unless stated otherwise). The

annual number of units was also adjusted to account for

uses in HCV and any under-reporting using inputs from

the expert panel.

RESULTS

Australia

HCV-infected population

The total viremic HCV population in 2012 was estimated

at 230 000 (207 000–253 000) with a viremic prevalence

rate of 1.0% (0.9–1.1%) [19] (Table 1). Low and high esti-

mates for viremic HCV prevalence were assumed to be

equal to 90% and 110% of the total estimated viremic pop-

ulation. Viremia was estimated at 74.6% [20]. Anti-HCV

prevalence was estimated at 1.3% (1.2–1.5%), equivalent

to 308 000 (277 000–339 000) anti-HCV positive individ-

uals. For the age and gender distribution of the infected

population (Fig. 1), notification data for HCV infection

(newly acquired and unspecified) from 1995 to 2013 were

utilized to calculate age- and gender-specific HCV detection

rates by 5-year age group. It was assumed that all individu-

als diagnosed after 2010 were alive in 2013. For other

years, it was assumed that diagnosed cases aged ≥70
(1995), ≥75 (1996–2000), ≥80 (2001–2005), ≥85 years

(2006–2010) were lost to mortality [21]. The genotype (G)

distribution of the prevalent population was estimated using

data from an Australian surveillance system [22], and vali-

dated using data from a published study [23] (Table 1).

Diagnosed

In 2010, it was estimated that there were 185 000 viremic

individuals who were living with a known HCV diagnosis

[20]. There were 11 300 newly diagnosed individuals in

2010 according to the national surveillance system [21].

Treated

The number of treated patients in 2011 was estimated at

3900 using the units of PEG-IFN sold [18]. During the

2000s, PEGIFN and RBV treatment was the standard of

care for chronic HCV and in the Australian context led to

a sustained viral response (SVR) in around 50% for people

with HCV G1 and 70% for HCV G2/3 [22]. However, treat-

ment uptake remained low (2000–4000 people per year;

1–2% of chronic HCV population), even following the

removal of mandatory pre-treatment liver biopsy in 2006

and broadening of inclusion criteria to include all fibrosis

stages and normal alanine aminotransferase levels [24].

Liver transplants

In 2011, there were 194 liver transplants performed in

Australia. Thirty-six percent (69 transplants) were attrib-

utable to HCV. The total number of annual liver trans-

plants was available from a national organ registry for

the years 1985–2012 [25]. The number of liver trans-

plants attributable to HCV as a primary indication, and

the number of cases attributable to HCC as a primary

indication, and the number of cases attribute to HCC with

HCV as a secondary indication were reported annually by

the Kirby Institute [19].

Austria

In 2008, there were an estimated 38 000 (8000–60 000)

anti-HCV individuals, with an anti-HCV prevalence rate of

0.5% (0.1–0.7%) [2,26]. With a viremic rate of 73.9%,

there were approximately 28 000 (6000–44 000) viremic

individuals, corresponding to a viremic prevalence rate of

0.3% (0.1–0.5%) [2,26]. The base and low estimates were

obtained through a recent WHO review of the European

Region, which noted an anti-HCV prevalence estimate of

0.1% among first-time blood donors and calculated a 0.5%

anti-HCV prevalence among the general population [2].

The base was imputed from blood donor studies, using a

ratio of general population prevalence to blood donor prev-

alence, from countries with studies from both populations

[2]. A high prevalence of 0.7% was chosen from Straus

2003 [26]. A representative Austrian HCV age and gender

distribution was not available, but the expert panel esti-

mated that similar to US, the peak in HCV infections fell

between 50 and 59 years old with more infected males

than females (Fig. 1). The 2004 genotype distribution of

the infected population (Table 1) was estimated using find-

ings from centres in Innsbruck and Graz (personal commu-

nication with Wolfgang Vogel and Rudolf Stauber, 2013),

as well as Linz (1992–2006 database) [27]. The prominent

genotypes are G1b (52%), G1a (20%) and G3 (19%), with

G2 (5%), G4 (4%) and G6 (0.1%) accounting for <10% of

all cases combined [26,27].

Diagnosed

An estimated 9700 individuals with viremic HCV (36%)

were living with a positive diagnosis in 2012, and since

2003, an average of 600 new viremic diagnoses have been

reported annually [27,29,30]. Published studies noted that

10 607 unique cases of HCV were reported through the

National Hospital Discharge Register (HDR) over eight

years (1993–2000) [26]. From 2000 forward, notification

data from the Austrian Federal Ministry of Health [29,30],

adjusted with a viremic rate of 73.9% [2], were summed

and adjusted annually for mortality and cured.

© 2014 John Wiley & Sons Ltd
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Treated

In 2011, 1100 patients were treated after analyzing the

PEG-IFN unit sale data and taking into account that 10%

of units were for non-HCV uses.

Liver transplants

Eurotransplant reported 128 liver transplantations per-

formed in 2011 [31]. Of these, it was estimated that up to

20–25%, or 38 transplants, were due to HCV-related liver

disease, according to the expert panel (Table 1).

Belgium

HCV-infected population

Recent population-based studies of the anti-HCV prevalence

were scarce and subjected to selection bias. An expert

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

3.5%

H
C

V 
Pr

ev
al

en
ce

Australia - Males (2012) Australia - Females (2012)

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

1.8%

H
C

V 
Pr

ev
al

en
ce

Austria - Males (2000) Austria - Females (2000)

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

H
C

V 
Pr

ev
al

en
ce

Belgium - Males (2004) Belgium - Females (2004)

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

3.5%

4.0%

4.5%

H
C

V 
Pr

ev
al

en
ce

Brazil - Males (2007) Brazil - Females (2007)

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

1.8%

H
C

V 
Pr

ev
al

en
ce

Czech Republic - Males (2012) Czech Republic - Females (2012)

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

H
C

V 
Pr

ev
al

en
ce

Denmark - Males (2007) Denmark - Females (2007)

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

H
C

V 
Pr

ev
al

en
ce

Egypt - Males (2008) Egypt - Females (2008)

Fig. 1 Viremic HCV prevalence by age and gender.
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panel agreed that the most representative anti-HCV preva-

lence estimate for the general population was 0.87% in

1994, with a range of 0.12–1.1% [88 000 (12 000–

114 000) viremic individuals] [32–34]. The most com-

monly cited anti-HCV prevalence, 0.87%, comes from Beu-

tels et al., published in 1997 [32]. These data were based

on residual samples from 10 laboratory hospitals in Flan-

ders; however, they were collected in 1994 [32]. A low

value was obtained through a 2003 mail-based study in

the Flanders region that measured HCV antibodies in oral

fluid, and suggested a prevalence estimate of 0.12% (0.09–

0.39%) [33]. A high value was chosen by expert opinion,

based on the results of a 2012 report by the Belgian

Health Care Knowledge Center (KCE) that estimated an

anti-HCV positivity rate of 1.23% among patients with a

test funded by one of the seven national sickness funds
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[34]. This estimate was generated through a review of the

total number of anti-HCV and confirmatory HCV tests

reimbursed from 2002 to 2007, and may have excluded

tests ordered for high-risk groups, or prior to blood dona-

tion [34].

The age and gender distribution of anti-HCV cases

(Fig. 1) came from an observational survey conducted with

the support of the Belgium Association for the Study of

Liver (BASL) [27,35].

To correspond with the prevalence estimate from 1994,

a viremic rate of 80% was used assuming a low number of

cured patients at that time [36]. The total number of vire-

mic cases in 1994 was estimated to be 70 000 (10 000–

91 200), with a viremic prevalence rate of 0.7% (0.1–

0.9%) [32–34,36]. The genotype distribution (Table 1) is

predominantly G1 (59%) followed by G3 (19%), G4 (14%),

G2 (6%) and G5 (2%) [27,37]. The most recent estimate

for a G1 split was from 1994, with approximately 85%

G1b and 15% G1 other [38].

Diagnosed

As of 2010, approximately 22 900 viremic individuals

were diagnosed, with approximately 2900 new viremic

HCV diagnoses annually [34,36].

Treated

In 2010, it was estimated that 710 patients were treated.

This value was calculated using the standard units of PEG-

IFN sold. Five per cent of all PEG-IFN were estimated to be

for non-HCV uses.

Liver transplants

From 2008 to 2012, 1159 liver transplants were per-

formed, of which 146 (12.6%) were attributable to HCV

infection [39]. In 2011, 299 transplants were performed,

38 of which were attributable to HCV [39]. A panel of

experts from centres in Ghent and Leuven reported 10–

15% transplant rates due to HCV, whereas those from

Li�ege and Erasme report rates closer to 25%, but also note

a lower rate of transplantation in these centres.

Brazil

HCV-infected population

Total seroprevalence was estimated at 1.38% (1.12–

1.64%) in 2007, the mid-point of the data collection period

(2005–2009) from a national study, equivalent to

2 616 000 (2 332 000–3 000 000) [40]. The low preva-

lence estimate was based on a study of blood donors [41],

while the high estimate was based on expert consensus of

a seroprevalent population of approximately 3 million indi-

viduals. A viremic rate of 80.5% was applied [42], result-

ing in 2 106 000 (1 877 000–2 415 000) viremic cases

in 2007, and a viremic prevalence rate of 1.1% (1.0–

1.3%). The age- and gender-specific prevalence rates were

reported by Brazilian Ministry of Health [43] (Fig. 1). The

genotype distribution of the prevalent population was

based upon a study of blood samples collected between

1995 and 2000 from all Brazilian states [44]. The distribu-

tion of G1 subtypes was based upon data from a separate

study [45] (Table 1).

Diagnosed

Based on expert consensus, there were estimated to be

300 000 viremic individuals in Brazil who have been diag-

nosed with HCV in 2013. Each year an estimated 10 000

viremic individuals were newly diagnosed, based on expert

consensus and published data [43].

Treated

In 2011, it was estimated that 11 700 patients were treat-

ed in Brazil, after accounting for under-reporting of PEG-

IFN units sold [46].

Liver transplants

In 2011, there were 1494 liver transplants performed in

Brazil. Liver transplantation has been regulated since

1997, with time on the waiting list used before 2007 as

the main criterion for organ allocation. Since 2007, organ

allocation has been based upon Model for End-Stage Liver

Disease (MELD) scoring [47,48]. Based on expert consen-

sus, it is estimated that 50% of transplants were related to

HCV in 1997, declining to 30% by 2011. This was vali-

dated using a regional estimate for the proportion of trans-

plants related to HCV [49].

Canada

HCV-infected population

The Public Health Agency of Canada (PHAC) reported

anti-HCV prevalence of 0.96% (0.61–1.34%) in 2011,

equivalent to 329 760 (209 530–460 280) cases [50]

(Table 1). The age and gender distribution of the prevalent

population was based upon notification data from PHAC

[51] (Fig. 1). An estimated 77% of anti-HCV+ cases in

Canada were viremic, resulting in 253 910 (161 340–

354 420) cases with a viremic prevalence rate of 0.74%

(0.47–1.0%) [52]. Genotype distribution of the prevalent

population was based upon data collected from Canadian

patients between 1998 and 2004 [53].

Diagnosed

There is considerable variation in data reported for diag-

nosis levels in Canada. PHAC estimated that 79% of indi-

viduals were diagnosed in 2007 [54], while national

household surveys conducted from 2007 to 2011 found

that 30% of individuals were aware of their infection

[55]. Based on expert consensus, it was estimated that

70% of the infected population were diagnosed in 2013.

The newly diagnosed population was estimated based on
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the number of notifications from the most recent year of

data (2011) reported by PHAC; there were 9923 notifica-

tions [51], and 23% were assumed to be nonviremic [52].

It was estimated that 176 400 viremic individuals were

diagnosed in Canada in 2010, and 7641 viremic individu-

als were newly diagnosed.

Treated

Between 2001–2003, it was assumed that 5000 patients

were treated annually. Between 2004 and 2012, the

annual number of Peg-IFN units sold were used to estimate

the treated population. Beginning in 2013, it is estimated

that 3600 patients were treated in Canada after taking

into consideration under-reporting of PEG-IFN units [18].

Historically, more patients were treated (6200 in 2009

and 5400 in 2010), but the practice of deferring therapy

until new agents are available (warehousing) has recently

increased.

Liver transplants

In 2011, there were 482 liver transplants performed in

Canada. Of these, 33% were estimated to be HCV-related.

The historical number of transplants completed annually

was available through the Canadian transplant registry

[56], along with the percentage of transplants attributable

to chronic HCV (CHC) infection [57].

Czech Republic

HCV-infected population

There are no national population-based estimates for HCV

prevalence. Current estimates were restricted to select

regions and select populations such as injection drug

users (IDU) and blood donors [58–62]. Without a

national community-based study, and because of known

regional variation, viremic HCV prevalence for the general

population was estimated by an expert panel. The viremic

prevalence in the general population was estimated to be

0.4% (0.1–0.5%) in 2012, corresponding to 42 300

(14 800–51 800) individuals. Using a viremic rate of

70%, the anti-HCV prevalence was back-calculated esti-

mating 60 400 (21 100–74 000) individuals. The anti-

HCV prevalence was estimated to be 0.6% (0.2–0.7%).

The age and gender distribution was developed using

2012 diagnosed data from The National Institute of Pub-

lic Health (Fig. 1) [63]. Published genotype studies were

also limited to select populations such as blood donors

[60] and IDU [64,65]. The genotype distribution in

Table 1 was developed using 2012 unpublished data

collected from treatment centres in five regions in the

Czech Republic [66].

Diagnosed

In 2012, there were estimated to be 13 000 viremic

individuals living with a diagnosis. Each year, an esti-

mated 800 viremic individuals were newly diagnosed

[63].

Treated

In 2010, it was estimated that 880 patients were treated,

after taking into consideration the genotype distribution

and adherence. The average patient consumed 27 units of

PEG-IFN.

Liver transplants

Liver transplant data from 2001 to 2011 were available

through the International Registry on Organ Donation and

Transplantation (IRODaT) [67]. Transplant data were

trended for the years 1993–2000 using available data. In

2011, there were 89 liver transplants performed. In the

same year, it was estimated that 15.6% of transplants were

attributable to HCV [68].

Denmark

HCV-infected population

The true prevalence of HCV is unknown, as a national sur-

vey has never been performed. There were an estimated

34 000 (27 000–35 000) anti-HCV individuals in 2007.

This value was back-calculated from a 2007 study of

national registries, which estimated 21 400 (16 470–

21 470) people living with viremic HCV [69]. The viremic

estimate included an estimate of the undiagnosed, hidden

population (45.7%) and corresponded to a viremic preva-

lence of 0.39% (0.3–0.39%) [69]. Back-calculating with a

viremic rate of 62.2% resulted in an anti-HCV prevalence

of 0.63% (0.48–0.63%) [69]. All registries use a unique

10-digit civil registration number (CPR) assigned to every

resident, allowing them to be accurately combined to esti-

mate the true prevalence and undiagnosed population

[69].

The prevalence by age among the persons found in the

aforementioned registries was 0.12%, 0.40% and 0.13%,

respectively, for <40, 40–49 and >50-year-olds. In 2009,

the median age was 44 years (Fig. 1) [70].

The distribution of genotypes was most accurately

derived from the registries at the Department of Clinical

Biochemistry Laboratory at Aalborg University Hospital,

where the vast majority of isolated HCV has been geno-

typed. The distribution derived from more than 6000

patients over the course of 1996–September 2013 is

shown in Table 1 (personal communication, Dr. Henrik

Krarup, Aalborg University Hospital, Department of Clini-

cal Biochemistry, Denmark, November 2013). G1 (46%:

G1a (34%), G1b (12%)) and G3 (43%) are predominant,

with significantly fewer G2 (8%) and G4 (3%) (personal

communication, Dr. Henrik Krarup, Aalborg University

Hospital, Department of Clinical Biochemistry, Denmark,

Clinical Chemistry and Gastroenterology, November

2013).
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Diagnosed

In 2007, an estimated 11 556 viremic individuals were

living with a diagnosis, and annually 400–700 new vire-

mic cases were diagnosed [70].

Treated

Under the current standard of care, approximately 100

patients were treated annually in 2011 [70]. The low

number reflects a current ‘warehousing’ of patients waiting

for better treatment possibilities.

Liver transplants

In 2011, 51 liver transplants were performed, with

approximately five (10%) attributable to HCV (personal

communication, Dr. Mette Rye Clausen, Department of

Hepatology, Rigshospitalet, Copenhagen University Hospi-

tal, Copenhagen, Denmark, 2013) [71]. The annual num-

ber of liver transplants was available from 1990 to 2012

through Scandiatransplant [71].

Egypt

HCV-infected population

Estimates for prevalence were based upon data reported

from the 2008 Egypt Demographic and Health Survey

(EDHS), a large nationally representative sample that

included participants in all major Egyptian regions [72]. Se-

roprevalence and viremia estimates were reported by 5-year

age group and gender for individuals aged 15–59 years. For

the prevalent population aged <15 years, an exponential

decline in viremic prevalence was used. Prevalence in those

aged >59 years was set equal to prevalence in those aged

55–59 years (Fig. 1). High and low estimates for overall

prevalence were assumed to be equal to 90% and 110% of

the overall prevalence. In 2008, it was estimated that

9 387 000 (8 449 000–10 326 000) individuals were

anti-HCV positive with a prevalence rate of 12.5% (11.2–

13.7%). Viremic prevalence in 2008 was estimated at 8.5%

(7.6–9.3%), equivalent to a viremic population of

6 358 000 (5 722 000–6 994 000). The genotype distri-

bution of the prevalent population was based upon expert

consensus using published studies [73–75] (Table 1).

Diagnosed

According to the EDHS survey, 1.4% of Egyptians had

received a positive HCV diagnosis in 2008 [72]. Based on

expert consensus, 15% of the HCV-infected population in

Egypt was previously diagnosed in 2013. Accordingly, in

2013, there were an estimated 871 700 viremic individu-

als living with a diagnosis, with 125 000 viremic individu-

als being newly diagnosed.

Treated

IMS Health does not capture the number of PEG-IFN units

sold annually. The expert panel estimated that approxi-

mately 65 000 patients were treated annually—50 000

individuals treated in government hospitals, 5000 through

private hospitals and 10 000 individuals who paid cash for

their treatment.

Liver transplants

Unpublished data from the National Liver Institute were

used to estimate the annual number of liver transplants

and the proportion attributable to chronic HCV infection.

In 2011, there were 230 liver transplants performed in

Egypt, and 92.5% (90–95%) were attributable to HCV (per-

sonal communication, Dr. Imam Waked, National Liver

Institute, Menoufiya, Egypt, August 2013).

England

HCV-infected population

Public Health England (PHE), formerly the Health Protec-

tion Agency (HPA), maintains a Bayesian model to esti-

mate the general HCV prevalence in England and Wales

and produces annual reports with these findings [3]. Addi-

tionally, a 2012 evidence synthesis addressing the excess

HCV risk among ethnic minorities was conducted to gener-

ate a more robust HCV estimate [76]. This study estimated

an anti-HCV prevalence of 0.54% (0.4–0.75%) among the

adult population (>15 years) in 2005 [76]. This rate corre-

sponded to an anti-HCV prevalence of 0.4% (0.3–0.6%) in

the total population, or approximately 221 000

(153 000–286 000) anti-HCV infections. The age and

gender distribution of HCV cases (Fig. 1) came from the

2012 evidence synthesis [76].

A rate of 69% was used to adjust for viremia [77], corre-

sponding to 151 600 (105 100–196 500) viremic cases in

2005, or a viremic prevalence of 0.3% (0.2–0.4%).

The predominant HCV genotypes, as evaluated through

18 sentinel centres from 2007 to 2010, were G1 and 3,

accounting for 44% and 47% of infections, respectively,

[77], as shown in Table 1. G1a accounted for 23% of all

cases [77,78].

Diagnosed

In 2010, there were an estimated 46 200 viremic individ-

uals living with a diagnosis. Each year, an estimated 5600

viremic individuals are newly diagnosed [79]. The estimate

of total diagnosed was calculated using notification reports

from 1992 to 2010 adjusted for viremia, as well as mortal-

ity and cure rates [79].

Treated

In 2010, 5400 HCV patients were estimated to be treated,

after taking into consideration the genotype distribution

and patient adherence.

Liver transplants

From 1996 to 2012, more than 8630 liver transplants

were performed, approximately 1280 of which were attrib-

utable to HCV (15%) [79]. In 2011, 572 liver transplants
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were performed, and 103 (18%) transplants were attribut-

able to HCV [79].

France

HCV-infected population

Based on national surveillance data, there were 367 100

(269 400–464 800) antibody-positive individuals between

ages 18 and 80 years [80]. The age and gender distribu-

tion of the prevalent population was based upon published

estimates [80] (Fig. 1). Prevalence rates for those aged

>80 years were assumed to be equal to that reported for

the 70 to 80-year age group. An exponential decrease in

younger age groups was modelled based on prevalence

rates reported for the 18 to 29-year age group. A viremic

rate of 65% was applied, based on national surveillance

data [80]. Anti-HCV prevalence was estimated at 0.7%

(0.5–0.8%) in 2004, with 394 000 (277 000–490 000)

anti-HCV-positive cases among individuals of all ages. Vire-

mic cases were estimated at 256 200 (180 300–318 500)

in 2004, for a viremic prevalence rate of 0.4% (0.3–0.5%).

The genotype distribution of the prevalent population was

based upon data collected through the Institut de Veil-

le Sanitaire (InVS) between 2001 and 2007 [81].

Diagnosed

A national study in 2004 reported that 57% of the sero-

prevalent population was already aware of their HCV sta-

tus [80]. Historical InVS notification data and expert

consensus were used to estimate that 133 600 viremic

HCV individuals were previously diagnosed in 2010, and

9000 cases were newly diagnosed [81].

Treated

In 2011, 10 090 HCV patients were estimated to be trea-

ted in France, after taking into consideration the genotype

distribution and patient adherence.

Liver transplants

In 2011, 1164 liver transplants were performed in France

[82]. Of these, 24%, or 274 cases, were estimated to be

HCV-related. Data for the annual number of transplants

were available through the National Transplant Registry,

which also reported the proportion of transplants attribut-

able to HCV-related cirrhosis [82]. In addition, it was

assumed that 40% of transplants related to HCC were

HCV-related [83] and that 19% of transplants related to

fulminant liver failure were attributable to HCV [84]. It

was assumed that the proportion of re-transplantations

attributable to HCV was equivalent to the proportion of

first-time transplantations.

Germany

HCV-infected population

Through a detailed review of published literature and

the analysis of subpopulations, an anti-HCV prevalence

estimate of 0.5% (0.3–0.9%), corresponding to 410 000

(246 000–738 000) anti-HCV infections, was estimated

for 2012 (Table 1) [85–92]. A national study conducted in

2011, the German Health Interview and Examination Sur-

vey for Adults (DEGS1), estimated the anti-HCV prevalence

to be 0.3% (0.1–0.5%) [85]. This study suggested a null

prevalence among individuals under the age of 40 [85],

which is refuted by data from the Robert Koch Institute

(RKI) reporting more than 26 000 notifications of HCV

among individuals under 40 years of age from 1973 to

2013 [93]. As DEGS1 likely underestimates the true preva-

lence, it was chosen as the low bound.

Since DEGS1 and the RKI notifications represented the

most up-to-date data available, it was determined that

combined they would also provide the most representative

age and gender distribution for the population. Each distri-

bution was considered representative of 50% of the total

infected population (Fig. 1).

The viremic rate was estimated at 67% of the total pop-

ulation [85,90,94], corresponding to 275 000 (165 000–

494 000) viremic infections and a 0.3% (0.2–0.6%) vire-

mic prevalence rate in 2012. G1 was the most predomi-

nant (63%), followed by G3, 2 and 4 (27%, 6% and 3%,

respectively) [95].

Diagnosed

A laboratory-confirmed diagnosis of HCV requires manda-

tory notification to the RKI. An estimated 160 000 indi-

viduals with viremic HCV were living with a diagnosis in

2012, and approximately 4000 viremic individuals are

newly diagnosed annually [96].

Treated

After taking into consideration under-reporting, genotype

distribution and adherence, there were 12 700 individuals

treated in 2011 [97].

Liver transplants

In 2011, there were 1199 liver transplants performed

[31]. Of these, it was estimated that 23%, or 272, were

due to HCV. US analogues were used to generate weights

for the per cent of viral hepatitis cirrhosis attributable to

HCV [98] and the per cent of HCC attributable to HCV

[83]. These weights were applied to a list of indications for

liver transplants [99] and were summed to generate a final

per cent of transplants attributable to HCV.

Portugal

HCV-infected population

Anti-HCV prevalence in Portugal in 1995 was estimated at

1.5% (1.2–1.9%), equivalent to 152 000 (117 000–

195 000) [100–102] (Table 1). The allocation of the

infected individuals by age group and gender (Fig. 1) was

based on a previous national report [7]. A viremic rate of
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76% was used utilizing the average rate from three studies,

weighted by sample size [103–105]. Viremic prevalence in

1995 was estimated at 1.1% (0.9–1.5%), equivalent to

115 000 (89 000–148 000) cases. The genotype distribu-

tion of the prevalent population was based upon the aver-

age from two studies reporting data from Portugal,

weighted by sample size [106,107]. The distribution of G1

subtypes was based upon data from a separate study

[108].

Diagnosed

It was estimated that only one-third of viremic individuals,

or 40 600, were diagnosed [109] in 2013.

Data reported by SICAD (the national governmental

structure for the coordination policy in the field of illicit

drugs and alcohol) were used to estimate the number of

newly diagnosed cases, given that IDU is the main source

of transmission [110,111]. There were 1500 new HCV-

positive serologies reported in 2010 among IDU patients,

resulting in an estimated 1300 new viremic individuals

diagnosed annually [111].

Treated

It was estimated that 1200 patients were treated in 2011,

although this number dropped to 830 by 2013 after the

introduction of triple therapy with first-generation protease

inhibitors (PI).

Liver transplants

In 2011, there were 219 liver transplants performed,

according to the National Organ Transplant Registry

[112,113]. It was estimated that 23% of transplants were

related to HCV, based on estimates for the proportion of

HCV-related cirrhosis (16%) [114], acute liver failure (8%)

[114] and hepatocellular carcinoma (HCC, 40%) [83].

Spain

HCV-infected population

There were a number of studies reporting anti-HCV preva-

lence in Spain; however, there was no national population-

based estimate [105,115–117]. The most recent prevalence

estimate was from a 2002 study reporting an anti-HCV

prevalence of 2.6% among adults 25 years of age or older,

using data collected from 1994 to 1996 in the Autono-

mous Community of Catalonia [105]. In the light of limited

national estimates, and because of known regional varia-

tion, an anti-HCV prevalence for the general population

was estimated by a panel of Spanish experts. The anti-HCV

prevalence in the general population in Spain was esti-

mated to be 1.5% (1.1–1.9%) in 2012, corresponding to

702 000 (526 000–877 000) individuals. Using a viremic

rate of 69%, 481 000 (361 000–602 000) chronically

infected individuals were estimated in 2012 [105].

The 2012 viremic prevalence was estimated to be 1.0%

(0.8–1.3%). The age and gender distribution was developed

using 2010 diagnosed data from the Autonomous Commu-

nity of Catalonia (Fig. 1) [118]. It was assumed the age

and gender distribution of the HCV-infected population in

Catalonia was reflective of the distribution in Spain. The

genotype distribution (Table 1) was developed using data

from Echevarria et al. [119] with modification-based expert

opinion (personal communication, Dr. Maria Buti Ferret,

Dr. Jose Luis Calleja, Dr. Javier Garc�ıa-Samaniego, Hospital

Vall d’Hebron, CIBERehd, Barcelona, Spain, Hospital Pu-

erta de Hierro, Madrid, Spain, Hospital Carlos III, CI-

BERehd, Madrid, Spain, October 2013).

It was estimated that in 1994–1996, transfusion

accounted for 25.5% of the transmission of HCV infection,

whereas past or present IDU accounted for an estimated

10% [105]. Transmission of HCV infection through trans-

fusion and IDU has been declining since 1996. The most

common route of HCV infection was through nosocomial

infection, accounting for approximately 73% of infections

in 2005 [120].

Diagnosed

It was estimated that in 2004, 140 000 individuals in Spain

were living with a diagnosis of HCV [121]. Total diagnosis

was adjusted annually for mortality and cure, and extrapo-

lation for years not included in the analysis resulted in

167 300 cases in 2010. It was estimated that annually

15 300 viremic individuals were newly diagnosed.

Treated

In 2010, it was estimated that 9800 patients were treated.

The annual number of treated patients was calculated

using treatment data from the Autonomous Community of

Catalonia from 2003 to 2010 [118,122–128]. Figures for

Spain were derived by extrapolating treatment data in

Catalonia to the national level using INE population data.

It was assumed that treatment rates in Catalonia were

higher than treatment rates in Spain; thus, a ratio of trea-

ted patients in Spain with respect to Catalonia of 0.80 was

applied to the analysis.

Liver transplants

Liver transplant data were available through the Organiz-

aci�on Nacional de Trasplantes [129]. In 2011, 1137 liver

transplants were performed, with an estimated 32% of

transplants attributed to HCV [130].

Sweden

HCV population

The anti-HCV prevalence in the general population in

2012 was estimated to be 0.56% (0.5–0.7%), or 53 300

(45 000–65 600) cases, based on previous studies and

notifications to the Swedish Institute for Infectious Disease

Control (SMI), now the Public Health Agency of Sweden.
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From 1990 to 2012, 54 000 individuals with positive

anti-HCV or HCV RNA were reported to SMI. Among those

notified between 1990 and 2010, 20.5% had died before

the end of 2010, resulting in a prevalence of 0.43% with a

diagnosed, ongoing or resolved, HCV infection. An undiag-

nosed fraction of about 20% was assumed, increasing the

prevalence to approximately 0.56% (53 300 individuals)

in 2012 (Table 1). The age and gender distribution of anti-

HCV prevalence in 2006 was derived from reported data

(Fig. 1).

A viremic rate of 77% was used to estimate the preva-

lence of chronic HCV infection. This was an average rate

from previous studies of anti-HCV positive populations

where the viremic rate ranged from 74% to 91% [131–

133]. This resulted in an estimated 41 100 (34 600–

50 500) viremic individuals, or a viremic prevalence of

0.4% (0.4–0.5%).

The genotype distribution in a previous study was 45%

G1, 19% G2, 34% G3 and 2% G4 [134], and according to

data from the quality register InfCare Hepatitis database

estimated to be 50% G1 (G1a 40%, G1b 10%), 20% G2,

30% G3 and 0% G4 (personal communication, Dr. Ola

Weiland, Karolinska Institutet, Department of Medicine,

Huddinge, Sweden, December 2013).

The anti-HCV prevalence was over 80% among IDU

[132,135], and the reported route of transmission in the

Swedish HCV cohort was IDU in 65% of cases. Previous

studies demonstrated that hospitalization for drug-related

conditions was common also among the 25% without any

reported transmission route [136]. Another 6% were

infected through blood transfusions before blood donor

screening (introduced in 1991), and 2% reported sexual

transmission [137]. The prevalence of co-infection with

HIV was low, and according to data from the national Inf-

Care HIV register, about 450 patients (7%) in the Swedish

HIV cohort were HCV-infected in 2013.

Diagnosed

The size of the total diagnosed population was described

above. It was estimated that 33 000 individuals with vire-

mic HCV infection were diagnosed and alive in 2012. Dur-

ing the last decade, approximately 2000 new HCV

notifications occurred annually, of which 35% were under

30 years of age [137]. With an estimated viremic rate of

77%, this corresponds to 1540 new viremic cases diag-

nosed annually. With an increasing and aging HCV-

infected population, the annual number of deaths

increases, and during the last years, about 1000 persons

in the HCV cohort died each year [138].

Treated

In the last 10–15 years, about 1000 individuals were trea-

ted annually [136], 10 000–15 000 total, with an esti-

mated 40–50% cure rate.

Liver transplants

Scandiatransplant reports that in 2011, 156 liver trans-

plants were performed, of which 22% (n = 35) were due to

HCV [139].

Switzerland

HCV-infected population

A number of prevalence studies among subpopulations,

including IDU [140–144], hospital patients [145–148],

pregnant women [149] and blood donors [150], were

reported; however, there has not been a survey to date in

the general population [3]. An anti-HCV prevalence of 1.6%

(0.8–1.8%) in the general population was chosen by an

expert panel using a 1998 modelling study [151]. A low

value of 0.8% was chosen from the mid-point of a range esti-

mated through blood donor and pregnant women studies

(0.5–1%) that was commonly cited by the Swiss Federal

Office of Public Health [3,152]. These estimates corre-

sponded to 110 000 (57 000–128 000) anti-HCV-infected

individuals living in 1998 [3,151,152]. The age and gender

distribution of the anti-HCV population was developed

through the analysis of 25 years of notification data, pro-

vided by birth year [152]. This distribution was applied to

the 1998 prevalence, after adjusting for the age of the diag-

nosed population using the birth year (Fig. 1). A viremic

rate of 80% was used, resulting in an estimated 88 000

(45 000–109 000) viremic cases in 1998, with a viremic

prevalence rate of 1.2% (0.6–1.4%) [153]. The genotype dis-

tribution of the infected population, shown in Table 1, is

over 50% G1, with 29% G3 and 10% G4 [154]. The G1 split

was estimated by a 2013 subtyping analysis of 1000 G1

patients in the Swiss Hepatitis C Cohort database, with

approximately 50% G1a and 50% G1b.

Injection drug use was the predominant transmission

route of HCV, accounting for approximately 65% of all

HCV infections [155]. Active IDU makes up 21% (15 000)

of the anti-HCV positive population. This figure was

derived from an estimated total of 25 000 people [156]

with problematic heroin use and an anti-HCV prevalence

of approximately 60% [157,158].

Diagnosed

In 2012, it was estimated that 32 900 viremic individuals

were aware of their HCV infection [152]. Thus, approxi-

mately 30% of infected individuals have been diagnosed.

The total number of diagnosed cases was calculated from

HCV notification reports from 1988 to 2012 and adjusted

for age- and gender-specific mortality rates and projected

liver-related deaths, resulting in an estimated 41 320

individuals living with a diagnosis of HCV [159]. This

value was then adjusted for the portion of the diagnosed

population that is viremic. Each year, an estimated 1050

viremic individuals were newly diagnosed [152]. Newly
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diagnosed cases from 2011 were used as an analogue for

2012, due to reporting changes and potential duplicate

records.

Treated

In 2011, it was estimated that 1100 patients were treated,

after taking into account genotype distribution and adher-

ence.

Liver transplants

In 2011, 109 liver transplants were performed [160].

Annually, an estimated 21–30% of liver transplants were

due to HCV. The low was estimated from an analysis of

liver transplants among the transplant cohort (personal

communication, Prof. Beat M€ullhaupt, Swiss HPB, Hepato-

Pancreato-Biliary Center and Department of Gastroenterol-

ogy and Hepatology, University Hospital Z€urich, Switzer-

land, September 2013), while the high was estimated

through a review of transplants carried out from 2000 to

2012 at Geneva University Hospital (personal communica-

tion, Prof. Francesco Negro, Divisions of Gastroenterology

and Hepatology and of Clinical Pathology, University Hos-

pital, Gen�eve, Switzerland, September 2013).

Turkey

HCV-infected population

Several prevalence studies were conducted in different

regions and reported varying estimates from 0.6% to

2.1% [161–163]. The most representative population-

based estimate for HCV prevalence came from a national

study published in 2010 reporting an anti-HCV preva-

lence of 0.95% (0.7–1.1%) in an adult population

18 years of age and older in 2009, corresponding to

667 000 (500 000–833 000) individuals [164]. The vire-

mic prevalence rate was estimated to be 82% [161],

resulting in 547 000 (410 000–683 000 viremic infec-

tions in 2009 (Table 1). The 2012 viremic prevalence

was estimated to be 0.8% (0.6–0.9%). The age and gen-

der distribution was developed using the Turkish Associa-

tion for the Study of the Liver 2010 study with

modifications on the estimated prevalence in individuals

65+ years old by a panel of Turkish experts (Fig. 1)

[164]. A number of studies reported the genotypes distri-

bution [165–172]. The genotype distribution used here

was derived from unpublished clinical data of 185

patients from Izmir, Turkey (personal communication, Dr.

Ulus Akarca, Gastroenterology, Ege University, Izmir, Tur-

key, November 2013). More than 90% of chronic HCV-

infected individuals present with G1, with G1b as the

most common subtype [165,166,169,173].

It was estimated that transfusion accounted for 35.3% of

the transmission of HCV infection, whereas past or present

IDU accounted for an estimated 1.4% [169].

Diagnosed

In 2012, there were estimated to be 81 900 diagnosed

viremic individuals. Each year, an estimated 5500 viremic

individuals were newly diagnosed. Annual diagnosis was

back-calculated from treatment data using a treatment rate

of 50%. Total diagnosed was calculated by accounting for

cured patients and summing the results for the past

20 years.

Treated

In 2010, it was estimated that 4200 patients were treated

annually, using RBV standard units, as PEG-IFN was used

in multiple indications.

Liver transplants

Liver transplant data from 2000 to 2011 were available

through IRODaT [174]. In 2011, there were 904 liver

transplants performed, and it was estimated that 17% of

transplants were attributable to HCV in 2012 [175].

DISCUSSION

The results shown here represent the largest undertaking

of its kind, in which detailed literature search was com-

bined with data analysis and expert panel input. The com-

bined efforts of many individuals across 16 countries are

summarized here to help the healthcare providers, public

health officials, policy makers and funders better under-

stand the size of key HCV populations. Special care was

taken to present the year of each dataset, as the size of

these populations was not static over time. A summary of

data sources used for antibody positive and diagnosed cases

are shown in Table 2.

This study focused on identifying the number of HCV

infections, diagnosed and treated in each country. The num-

ber of antibody-positive cases represents all individuals who

were exposed to the virus and developed an antibody

response, and it includes those whose infection resolved

spontaneously or who were treated and cured. The viremic

infections represent those who are RNA positive and reflect

the level of active HCV infection in a country. In the few

countries with a high treatment rate, still an estimated two-

third continued to carry the virus (Table 1). In a future with

highly effective antiviral therapies, the number of persons

with current HCV infections should decline. Thus, this study

aimed to establish a baseline for total infected and the per

cent who have been diagnosed using viremic cases only.

It was difficult to compare the age distribution of the

infected population due to wide variances (1995–2012) in

the year of the reports (Fig. 1). A comparison of the esti-

mated 2013 age distribution of the viremic HCV-infected

population will be provided in the next paper in this same

supplement. However, in nearly all countries, HCV preva-

lence was higher among males than females (reflecting the

universal finding of more male IDU), although there were
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a few exceptions. In France, more females were infected.

The same phenomenon was observed in Germany in

females over 69. In both cases, the main risk factor was

thought to be blood transfusion after childbirth. However,

it should be noted that prevalence was low in both coun-

tries. Turkey also reported more infected females than

males due to nosocomial infections, with hospitalization

among females being more common.

The number of liver transplants was readily available in

every country, but different data sources were used to esti-

mate the percentage of total liver transplants attributed to

HCV (see Table 2). The number of liver transplants was

readily available in every country, but different data

sources were used to estimate the percentage of total liver

transplants attributed to HCV (see Table 2). The number of

treated patients could be estimated from the units of cur-

rent therapies sold in each country and were validated

with the expert panels in each country (Table 1). It was

generally agreed that a decline in the number of treated

patients occurred in 2013 when patients with less

advanced liver disease were held back for the availability

of the new treatments. However, this reduction in treat-

ment rate was thought to be temporary and the 2011 esti-

mated treatment rates shown here are an accurate

reflection of how many patients could be treated by the

medical system using the current treatment options.

Data sources varied across countries, and the section

below provides an overview of available data and current

understanding of HCV epidemiology in countries studied.

Australia

The Kirby Institute is the definitive source for HCV epidemi-

ology data in Australia, It publishes an annual surveillance

report that reviews the reported newly diagnosed cases as

well as the estimated number of HCV cases by the stage of

the disease [19]. The Institute has also developed models

that forecast the total number of HCV infections based on

key risk groups in Australia. There has not been a national

survey to study HCV prevalence in the general population.

However, Australia has a robust surveillance program that

records all newly diagnosed cases. Since the key risk factor

in Australia is IDU, it has been estimated that over 80% of

the total infected population has already been diagnosed.

The large pool of chronic HCV in Australia [19] and the

‘ageing cohort’ effect of this population is related to the

high incidence of injecting drug use (IDU)-acquired infec-

tion in the 1980s and 1990s [177]. While modeling sug-

gests the incidence of HCV infection is in decline from a

peak of new infections in 1999 [177], the rate of incidence

of HCV remains greater than the rate of treatment, and

the number of people in Australia living with HCV is

expected to continue to increase for the foreseeable future.

Austria

Austria is considered a low-endemic country; however,

there are limited HCV epidemiological data available on

the current infected population, as well as the effects of

chronic infection on disease burden [26,27]. While legisla-

tion states that all cases of acute viral hepatitis should be

registered centrally, a recent analysis of hospital discharge

data raised concerns of under-reporting [26]. There is not

currently a national screening strategy in place, so individ-

uals are only tested if they are symptomatic or considered

to be at risk of acquiring HCV. As only 20% of infected

individuals are symptomatic, there may also be consider-

able under-testing, contributing to the low diagnosis rates.

Belgium

A recent national level prevalence estimate is not available

for Belgium. The most commonly cited anti-HCV prevalence,

0.87%, comes from Beutels et al, published in 1997 [32].

These data were based on residual samples from 10 labora-

tory hospitals in Flanders; however, they were collected in

1994 [32]. A low value was obtained through a 2003 mail-

based study in the Flanders region that measured HCV anti-

bodies in oral fluid, and suggested a prevalence estimate of

0.12% (0.09–0.39%) [33]. A high value was chosen by

expert opinion, based on the results of a 2012 report by the

Belgian Health Care Knowledge Center (KCE) that estimated

an anti-HCV positivity rate of 1.23% among patients with a

test funded by one of the seven national sickness funds [34].

This estimate was generated through a review of the total

Table 2 Data sources

HCV antibody

positive cases Diagnosed

Liver

transplants

due to HCV

Australia ME NDb NDb

Austria PS NDb EO

Belgium PS PS PS

Brazil PS EO EO

Canada ME NDb NDb

Czech Republic EO NDb PS

Denmark PS NDb EO

Egypt NS NS EO

England ME NDb PS

France NS PS NDb

Germany NS NDb ME

Portugal PS PS ME

Spain PS PS NDb

Sweden ME NDb NDb

Switzerland PS NDb EO

Turkey NS EO EO

EO, expert panel opinion; ME, modeled estimate; NDb,

national database; NS, national surveillance study; PS,

published studies.
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number of anti-HCV and confirmatory HCV tests reimbursed

from 2002–2007, and may have excluded tests ordered for

high risk groups, or prior to blood donation [34]. Currently,

no formal screening strategy exists; however, BASL recom-

mends targeted HCV screening for high-risk populations

(including individuals with a blood transfusion or major

medical event prior to 1 July 1990, intranasal or IDU and

dialysis patients) in addition to nontargeted screening that

occurs among pre-operative patients and pregnant women

[34]. On average, an estimated 345 000 anti-HCV tests are

performed annually [34].

Brazil

HCV infection is a major public health problem in Brazil.

There is considerable geographic variation within Brazil,

with the North region having an anti-HCV prevalence of

2.1% [40], and other studies have reported relatively high

prevalence in the Amazon region [176,177,178]. Preva-

lence of HCV increases with age in Brazil [40,180,181].

Published data describe the prevalence and genotype distri-

bution at the national level, including variations by region

[40,43,44], with G1 found in nearly 65% of cases [44]. In

a national study, the use of injected or inhaled drugs was

the strongest predictor of HCV seropositivity, but accounted

for a small proportion of total cases [40]. Nosocomial

transmission, as well as transmission through needle shar-

ing for therapeutic injections in nonmedical settings, con-

tributed to the burden of HCV infection [40,182]. Blood

and blood product transfusion was identified as the pre-

dominant route of transmission before blood screening

began in 1992 [183,184].

HCV is a leading cause of cirrhosis, HCC and liver trans-

plants in Brazil [49,185]. In 2002, the Brazilian Ministry

of Health created the National Viral Hepatitis Program

with goals for reducing the incidence of viral hepatitis and

improving the quality of life for infected individuals

[179,186]. Harm reduction measures aimed at reducing

transmission among IDU, along with universal precautions

for preventing nosocomial transmission, are important in

reducing new cases.

Canada

PHAC collects data for reported HCV cases through the

Canadian Notifiable Surveillance System. The majority of

acute HCV infections in Canada occur through IDU, and

peak incidence of new infections occurs among those

aged 25–29 years [54]. HCV infection is associated with

high mortality from liver disease in Canada [187], which

is increasing and is a leading indicator for liver trans-

plantation [188]. There is considerable regional variation

in HCV prevalence, with some areas of Canada experi-

encing HCV prevalence of nearly 4% [54]. A national

survey has not been conducted to determine the total

number of HCV infections. However, a modeling

approach was used to estimate the total prevalence in

the country [54].

Czech Republic

In the Czech Republic, compared to other European coun-

tries, the HCV epidemic began later owing to geographical

barriers, limited immigration from neighbouring endemic

countries and a delayed surge in IDU. However, in recent

years, HCV infection has become one of the leading causes

of liver transplantation [68]. As the infected cohort ages,

the burden of HCV-related disease is expected to increase

exponentially.

The Czech Republic is a low-endemic country for HCV

infection, with reported estimates between 0.2% and 1%

[62,64]; however, little is known on the national level

regarding current and future disease burden. There is no

general screening programme in the country, and only

specific subgroups are screened on a regular basis. These

groups include blood donors, pregnant women, healthcare

workers, patients on maintenance hemodialysis, prisoners

and IDU starting weaning programmes. HCV prevalence

varies widely among these groups, with the lowest preva-

lence reported among blood donors in Prague (0.13%) and

the highest prevalence reported among IDU entering wean-

ing programmes (32.4%) [189].

Denmark

Hepatitis C virus was introduced into the Danish popula-

tion in the late 1960s. Since that time, the majority of the

population has reportedly been infected through IDU, with

minimal infection through nosocomial or sexual transmis-

sion. Nosocomial transmissions are uncommon—fewer

than half were acquired before the initiation of HCV

screening of blood donors in 1991, and the remainder

originated from hospitals outside of Denmark [189–191].

In the 1990s, interventions aimed at drug treatment cen-

tres and prisons (including needle exchange programmes,

opium substitution therapy and immunization against hep-

atitis B) were implemented. Harm reduction efforts have

had an impact on keeping co-infection with hepatitis B

and HIV low [70]. Sexually transmitted cases are believed

to be on the rise, with an incidence of HCV infection of

0.4% in the MSM population [193].

Denmark has a very thorough civil registration system,

with a unique 10-digit civil registration number (CPR)

assigned to every resident. Additionally, several national

registers exist from which data on the epidemiology of

CHC can be extracted. HCV-specific registers (such as the

Danish National Database on Hepatitis and the Danish

HCV Database) capture clinical, epidemiological and labo-

ratory data including RNA testing and genotyping

[69,70]. Additionally, non-HCV-specific registers (such as
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the Danish National Patient Registry, the National Regis-

ter of Notifiable Diseases and the Drug Treatment Regis-

ter) capture information regarding hospital discharge

data, communicable disease notification and drug treat-

ment [190–192,194]. Most systems, however, require

reporting by the treating physician, with the limitations

that imply.

Egypt

Egypt has the highest prevalence rate of HCV in the world

[195], and HCV-related liver disease is the leading indica-

tor for liver transplantation [196–197]. Nosocomial trans-

mission has been the most common route for new

infections. In particular, widespread treatment of

schistosomiasis in earlier decades resulted in high levels of

HCV transmission [198]. A national survey assessed HCV

prevalence in 2008. There is evidence of high levels of

ongoing HCV transmission [198] related to unsafe injec-

tion in healthcare settings, with high HCV prevalence

observed among young individuals [200].

England

The epidemiology of HCV is maintained by Public Health

England (PHE), formerly the Health Protection Agency

(HPA) [4]. Although the majority of acute infections

occurred in the 1990s as a result of a contaminated blood

supply, today the primary route of transmission of HCV is

IDU [200]. PHE has placed significant emphasis on reduc-

ing the transmission of HCV through campaigns to

increase awareness and minimize risk behaviours such as

needle sharing [200]. Testing is indicated for individuals at

high risk of contracting HCV, and it is estimated that 83%

of IDU have ever received a voluntary confidential test for

HCV [200]. HCV is a notifiable disease, and all new diag-

noses are reported to PHE. A national survey has not been

conducted to determine HCV prevalence, however, a mod-

eling approach has been used to estimate the total number

of infections [3].

France

Of the countries included in this analysis, France has

active programmes to manage HCV infection through

screening, improving access to treatment and reducing

transmission. The epidemiology of HCV is marked by a rel-

atively low prevalence as determined by a national survey.

The National Institute for Surveillance created the national

surveillance network, which has conducted two national

population-based prevalence surveys in 1994 [103] and

2004 [80,202,203] in urban areas. The 2004 study sur-

veyed 14 416 residents ages 18–80, but similar to surveil-

lance studies in other countries, the sampling did not take

into consideration high-risk populations like IDU. The

decrease was attributed to a decrease in incidence over

time due to positive impacts of a syringe programme and

the application of standard precautions in healthcare set-

tings [202–204].

Germany

HCV infection is the primary risk factor for a quarter of

HCC cases—the second leading cause next to alcoholic

liver disease [205]. The current state of the HCV epidemic

is complex and not clearly defined. Typically, a wide preva-

lence range is cited, as the true number of HCV infections

is not known. What is well known, however, are the past

and current risk factors of the HCV-infected population.

Patients typically fall into one of four risk groups: (i) those

with a blood transfusion prior to 1990; (ii) current and

former drug users; (iii) immigrants from the former Soviet

Union; and (iv) immigrants from other countries (Mediter-

ranean countries in particular).

Portugal

The burden of chronic HCV infection has not been quanti-

fied in detail. Prevalence data for HCV infection are scarce

and suggest a high variability between risk groups. The

epidemiology of the various stages of HCV infection (e.g.

compensated and decompensated cirrhosis) also remains

largely unknown. Hospital admission data show an

increase between 1993 and 2005 in admissions for HCC

from all causes [206]. Previously published studies were

the basis for much of the data reported here.

Spain

Previously published estimates report the prevalence of

HCV in Spain to be among the highest in Europe at 2.6%

[3,105]; however, little is known regarding the burden of

disease in the country. Chronic HCV infection was the

leading cause of mortality among infectious diseases in

2000 [207]. Further, liver transplantation represents a

major cost burden nationwide, accounting for more than

25% of organ transplants in 2012 [208].

Currently, there is no national HCV strategy in Spain

that considers HCV infection a public health concern. Pre-

vention of advanced disease is possible through early detec-

tion of HCV infection and more effective therapies. The

development of first-generation DAAs, approved for reim-

bursement in Spain in 2012, demonstrates greater cure in

G1 patients [209–210]. With the advent of new all oral

antivirals, HCV may be curable in a greater proportion of

treated patients [211]. Thus, the implementation of public

health strategies could reduce the burden of HCV and

improve population health.
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Sweden

In Sweden, the spread of HCV infection started compara-

tively late, near the end of the 1960s with culmination in

the 1970s, most likely as a result of increased IDU, and

the burden of HCV-related disease is expected to increase

in the coming decade [136,212]. HCV infection has

become one of the leading causes of liver transplantation

[139], and the number of HCV-infected patients with diag-

nosed HCC has gradually increased with the aging HCV

cohort [136].

The Swedish cohort of individuals with a diagnosed

HCV infection (anti-HCV or HCV RNA positive) was identi-

fied and characterized using data from the HCV Surveil-

lance Register at the SMI [137] and through linkage to

other national registers (Population, Death, Patient and

Cancer registers) at Statistics Sweden and the National

Board of Health and Welfare [14]. The same approach

was used in previous HCV cohort studies on disease bur-

den, cancer incidence and mortality [136,138,213]. Every

person in Sweden has a specific personal identification

number, used in all healthcare contacts and all national

registers. These registers have high coverage and validity,

enabling nationwide register studies with high complete-

ness [214–215].

Switzerland

Chronic HCV infection is a major cause of cirrhosis and

HCC, and is a primary indication for liver transplantation

[194]. HCV transmission peaked in the 1990s because of

contaminated blood products, but decreased sharply once

blood screening came into effect. Today, transmission of

HCV occurs primarily among IDU [154]. In addition, the

number of HCV cases is significantly influenced through

immigration of individuals from HCV endemic countries

(personal communication, Prof. Francesco Negro, Divisions

of Gastroenterology and Hepatology and of Clinical Pathol-

ogy, University Hospital, Switzerland, May 2013) [3,215].

Mandatory notification of positive tests for HCV has been

in effect since 1988 [3,215]. HCV screening is currently

limited to blood products only; however, a national hepati-

tis strategy is in the planning stages. In addition, the coun-

try has recently implemented a strategy of provider

initiated risk-stratified testing [215].

Turkey

A recent national survey was conducted in Turkey, but

the results of that analysis have not been published. In

addition, a registry was put in place to track newly HCV

diagnosed cases in 2011. Reporting adherence is still low

and insufficient data is available. However, it has been

shown that the majority of HCV positive individuals are

above the age of 50, implying that the risk of infection

was higher 20 years ago [216].

The data presented here represent what is available

based on the best of our knowledge today. However, the

country level discussions above highlight a number of limi-

tations. One limitation was the assumption that data

reported here are representative of the countries’ HCV

infected population. For example, many countries have a

centralized registry that keeps track of the number of diag-

nosed cases over time. These registries could have a bias as

testing and reporting may be incomplete and not uniform

across subpopulations. This was observed and corrected in

Germany, where the RKI data showed a much younger

population as compared to the national survey. Of the

countries reported here, only Egypt, France, Germany and

Turkey had conducted a national surveillance study using

random samples from multiple regions. In addition, viremic

rate and genotype distribution were typically based on

studies with relatively small sample size. Data from multi-

ple studies were compared to minimize bias, but it is worth

noting that both variables can change over time because

of treatment rate and immigration.

The number of treated patients was estimated based on

the drug sales when a central registry was not available.

There was considerable variation in the number of treated

patients across countries (Table 1), and it was difficult to

compare treatment rates in this report, as the total number

of infections and number of diagnosed were reported in dif-

ferent years. Several factors contribute to low HCV treat-

ment rates, including toxicity of interferon-based therapy,

prolonged course of treatment (24–48 weeks), social mar-

ginalization of many people with chronic HCV, lack of

treatment infrastructure (particularly in opiate pharmaco-

therapy, prison, community health and primary care set-

tings), and lack of awareness of the curative potential of

treatment. Poorer HCV treatment responses in those with

advanced liver disease also limit the impact on disease bur-

den. The use of drug sales data has a number of limitations

including under-reporting, the use of drugs in multiple

indications and the need to incorporate average adherence

and genotype distribution. An effort was made to deal with

these limitations by using expert panels.

The quality of the assumptions for the size of the diag-

nosed population varied across countries. A number of

countries had centralized registries for diagnosed HCV

cases—Australia, Austria, Canada, Czech Republic, Den-

mark, England, Germany, Sweden and Switzerland. HCV

was a notifiable disease in Brazil, although compliance in

reporting newly diagnosed cases was limited. In addition,

Turkey’s HCV registry, which started in 2011, suffered

from the same limitation. In other countries, the number

of diagnosed cases was based on studies (Belgium, Egypt,

France and Spain) or estimates (Brazil, Spain, Portugal and

Turkey).
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In conclusion, in order to develop strategies to address

the impending increase in HCV disease burden, it is impor-

tant to understand the current number of infections, diag-

nosed and treated individuals. Many countries represented

here have developed a range of options to monitoring HCV

infections. These countries could be a valuable resource for

designing systems, in other countries, that can measure

the impact of active strategies to manage HCV disease bur-

den as new therapies become available.
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