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General Introduction 

Hepatitis C virus
Hepatitis	C	virus	(HCV)	is	a	single-stranded	RNA	virus	and	was	first	identified	in	1989	as	a	cause	for	
transfusion-associated non-A, non-B hepatitis [1]. Transmission of  HCV occurs predominantly via 
blood-to-blood contact. After acute infection about 75% of  those infected progress to a persistent 
infection and become at risk for liver cirrhosis, end-stage liver disease, or hepatocellular carcinoma 
(HCC) [2,3]. In contrast to hepatitis B virus (HBV), there is no effective vaccine against HCV. Over 
the past two decades HCV treatment has rapidly improved and new direct acting antiviral agents 
(DAA) will further improve its effectiveness and tolerability. 

Epidemiology 
HCV infection is a major global health issue with an estimated anti-HCV prevalence of  2.6%-
3.1%, affecting 170-210 million individuals worldwide [4]. The distribution of  HCV infection varies 
greatly per country. Egypt has the highest HCV infection prevalence among the general population 
(15%-20%) as result of  a mass campaign to eradicate schistosomiasis in which injection material was 
reused without adequate sterilization [5]. In East Asia the estimated prevalence of  HCV infection 
is 3.7%, which corresponds to an absolute number of  > 50 million HCV-infected individuals [6]. 
In most high-income regions the prevalence of  HCV infection is considered to be moderate and 
varies between 1.5% and 3.5% [4]. It must be noted that in many cases, the national estimates 
are based on limited data and are derived from selected populations that are not representative 
for the general population. In the Netherlands, the prevalence of  HCV infection is estimated at 
0.22% (range: 0.07%-0.37%), corresponding to 28.000 individuals (range: 9.600-48.000) who are 
anti-HCV-positive [7]. 
HCV	 is	 transmitted	most	 efficiently	 through	percutaneous	 exposure	 to	 contaminated	blood	 [8].	
Individuals who received blood products through transfusion (i.e., hemophiliacs) before 1991/1992 
were	at	increased	risk	of 	HCV	infection.	Since	the	first	introduction	of 	the	serological	assay	for	the	
detection of  anti-HCV in 1991, the incidence of  transfusion-acquired HCV infection has drastically 
declined in regions of  the world where donor blood is screened [9,10]. Effective screening of  
blood products has led to a shift in the primary transmission mode of  HCV. In high-income 
countries injecting drug use replaced transfusion-acquired transmission as the primary source of  
new infections [11,12]. 
Worldwide there are 6 major genotypes and more than 50 subtypes [13]. The global distribution of  
HCV	genotypes	and	subtypes	reflects	differences	in	transmission	modes	and	temporal	trends	of 	

Figure 1. Relative prevalence of each HCV genotype by global burden of disease region. Size of pie charts is proportional to the 
number of seroprevalent cases as estimated by Mohd Hanafiah et al [4]. Reproduced with permission of the author [25].
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transmission,	see	figure	1.	The	majority	of 	infections	in	Europe,	Northern	America,	and	Australia	
have been acquired through contaminated blood products (HCV subtypes 1b, 2a, and 2b) or through 
sharing of  injecting equipment among people who inject(ed) drugs (PWID) (subtype 1a and 3a). 
The prevalence of  anti-HCV among PWID is estimated to be 67% worldwide, ranging from 10%-
97% across regions, representing an estimated 10 million PWID [14]. In high-income countries, the 
incidence among PWID ranges from 2-66 cases per 100 person years [15-18]. In a few countries, 
including the Netherlands, a decline in incidence of  HCV infection among PWID has been observed 
from 1990 onwards [15,16,19,20], which could be due to the high coverage of  comprehensive 
harm-reduction programs, including needle exchange and opioid substitution [21-23]. In contrast, 
in Eastern Europe the PWID-related HCV epidemic started in the early 1990s and harm-reduction 
interventions have remained limited [24]. 
During	 the	 past	 decade	 several	 outbreaks	 of 	 HCV	 infection	 among	 human	 immunodeficiency	
virus (HIV) -positive men who have sex with men (MSM) have been reported [26-28]. Based on 
molecular clock analysis, it is estimated that the HCV epidemic among HIV-positive MSM started 
in	 the	 (mid-)	1990s	 [29].	This	finding	was	 further	 supported	by	data	 from	observational	 cohort	
studies [30]. Sexual transmission of  HCV rarely occurs among heterosexuals [31] and transmission 
of  HCV among HIV-negative MSM also seems to be low [32-35]. The risk for HCV transmission 
among HIV-positive MSM is multifactorial, and is likely to be associated with high-risk sexual 
behavior	 (fisting,	 group	 sex,	 toys)	 and	 biological	mechanisms	 (coinfection	with	HIV	 and	 STIs)	
possibly leading to a reduced mucosal barrier [36,37]. PWID used to be the main risk group in the 
Netherlands for acquiring an acute HCV infection, however, in the last ten years there has been a 
shift towards HIV-positive MSM [7].
Among pregnant HCV-monoinfected women, the vertical transmission rate of  HCV infection 
is 4%-7% [38-40] and this rate increases to 20% when the mother is coinfected with HIV [41]. 
In highly endemic countries, new HCV infections are often healthcare-associated but can also be 
community-acquired [42] through, for example, shaving at a community barber [43]. Knowledge 
regarding precautions for blood-borne pathogens by community healthcare providers [44] as well as 
barbers [45] might be limited. Consequently, migrants born in HCV-endemic countries with a high 
prevalence of  HCV infection are at increased risk of  carrying HCV [46]. In the Netherlands migrants 
presently account for the majority of  prevalent cases, but transmission within the Netherlands is 
limited [7,46]. 

Molecular epidemiology 
HCV is characterized by its genetic heterogeneity due to a lack of  a proofreading ability of  the viral 
non-structural gene 5B (NS5B) encoded viral RNA-dependent RNA polymerase. As a result, HCV 
exists	as	a	spectrum	of 	closely	related	genomes	that	have	been	classified	as	6	major	genotypes	and	
more than 50 subtypes, as previous mentioned [13]. 
The degree of  genetic diversity among different HCV variants provides information regarding 
the time that has passed since two viruses separated from a common ancestor, and hence the 
likelihood that two strains were acquired in the context of  the same transmission network [47]. 
The total difference between HCV variants in a certain viral region can be used to calculate the 
genetic distance. When the genetic distance is small, viral strains will be closely related. The genetic 
distances can be plotted in a phylogenetic tree where closely related viral strains will form a cluster, 
see	figure	2.	
The combination of  epidemiological data and phylogenetic analysis can be helpful in determining 
a common source of  infection, transmission route, and distinguishing reinfection from relapse. 
In	 certain	 cases	 or	 specific	 populations,	 the	 genetic	 diversity	 of 	HCV	may	be	 limited	 to	 a	 few,	
often highly similar circulating clades. Therefore, it is necessary to sequence a fragment of  the viral 
envelope that contains a more variable part of  the viral genome such as the hypervariable region 
1. This part of  E2, a gene encoding one of  the envelope proteins, is the region with the greatest 
genetic variability, allowing discrimination of  homologous strains with an intra-host diversifying 
virus, from heterologous strains from the same viral subtype.
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Disease progression of  HCV infection
Acute infection
Upon infection with HCV, HCV RNA becomes detectable within 7 to 21 days and quickly elevates 
to	a	plateau	phase	during	 the	first	2	months	 [48].	Usually	alanine	aminotransferase	 (ALT)	 levels	
follow the same pattern as HCV RNA, with levels more than ten times the normal upper limit [6]. 
Primary	infection	with	HCV	is	usually	asymptomatic,	although	15%-30%	of 	individuals	develop	flu-
like symptoms 2 to 12 weeks following the initial infection [49,50]. In a minority of  cases jaundice 
is the presenting symptom. 
For about 25% of  individuals, HCV infection is a self-limited disease [2] and for the majority of  
cases HCV RNA becomes undetectable within 6 months [51,52]. Several factors are associated with 
increased rates of  spontaneous clearance and include: female sex; younger age at infection; negative 
HIV-status, favorable interferon lambda 3 (IFNL3) genotype (formerly named interleukin 28 B 
(IL-28B)), and HCV genotype 1 [51,53-55]. However, the majority of  studies on spontaneous viral 
clearance have been conducted among anti-HCV-positive individuals, for whom the exact moment 
of  anti-HCV seroconversion is unknown. These prevalence studies are subject to selection bias, 
which can potentially lead to biased rates of  viral clearance and risk estimates. Early predictors of  
spontaneous viral clearance are needed to decide whether early treatment should be indicated, as 
treatment success rates with pegylated interferon (PEG-IFN) alpha and ribavirine (RBV) are higher 
when individuals are treated during acute HCV infection, while the high expense of  new treatment 
options is also an important factor. In addition, a better understanding of  factors associated with 
spontaneous HCV clearance or persistence is necessary for HCV vaccine development.

Chronic infection, morbidity, and mortality
Once	chronic	infection	is	established,	people	become	at	risk	of 	liver	fibrosis,	liver	cirrhosis,	and/or	
HCC. In the majority of  patients, chronic HCV infection remains clinically silent for decades [56]. 
Liver	fibrosis	and	cirrhosis	progression	is	accelerated	with	increasing	age,	male	sex,	obesity,	alcohol	
consumption, and HIV coinfection [6,57]. Over time the probability of  progression to cirrhosis 
increases exponentially. It is estimated that without treatment, on average liver cirrhosis occurs in 
16% of  patients after 20 years of  chronic HCV infection, and in 41% of  patients after 30 years 
[57]. Among patients with cirrhosis, HCC develops at an annual rate of  2%-4% [58]. HCV infection 
also has a role in extrahepatic morbidity, such as cardiovascular disease, likely through a similar 
mechanism of  immune activation as that described for HIV infection [59,60]. Chronic infections, 
such as those demonstrated for HIV, are also thought to play a role in age-associated changes 

Figure 2. Example of maximum likelihood phylogenetic trees of 340 basepair NS5B sequences from people who inject drugs, 
before and after unsuccessful treatment of HCV infection. 
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in the immune system (immune senescence) resulting in impaired immunity through (long-term) 
continuous immune activation [61,62]. 
Whether chronic HCV infection also has an impact on mortality by inducing immune senescence is 
not known. Of  interest, HIV/HCV-coinfected individuals do not only seem to be at increased risk 
of  liver disease progression [63] but progression to AIDS is also accelerated [64], which suggests 
that both viruses could enhance each other’s disease progression [65]. 
It is evident that individuals with chronic HCV infection can die from their disease. However, 
data	on	 the	 long-term	outcomes	of 	HCV	 infection	are	still	difficult	 to	 interpret.	Studies	on	 the	
impact of  chronic HCV infection on mortality among PWID are also complicated by an increased 
risk of  premature mortality due to HIV or lifestyle-related causes of  death (e.g., overdose) [55]. 
Moreover, most of  the studies published might be biased by their study design (e.g., study population 
comprises patients in a hospital setting including severe cases, a retrospective study design, and 
the unknown duration of  HCV infection). In addition many studies do not compare chronically 
infected individuals with individuals who resolved HCV infection in order to adjust for lifestyle. 
Given the slow progressing nature of  chronic HCV infection and the high incidence of  HCV 
infection	in	the	1970s	and	1980s	among	PWID,	we	can	expect	a	significant	rise	in	liver	disease	and	
mortality over the next two decades [66]. Accurate estimates on disease progression in PWID are 
crucial for estimating the future burden of  disease in this group. 

The immune response to HCV
After	transmission	of 	HCV,	the	innate	immune	system	is	the	first	non-specific	defense	system	that	
HCV encounters. Hepatocytes are the main target cells of  HCV and the innate response to HCV 
is the immediate induction of  cytokines and interferon (IFN) alpha, beta, and lambda. These IFNs 
activate interferon-stimulating genes (ISGs) that amplify the IFN-alpha and IFN-lambda responses. 
The release of  IFNs and proteins from ISGs leads to an antiviral state in uninfected liver cells and 
inhibits	further	replication	[67].	Following	the	first	four	weeks	of 	infection	HCV	RNA	levels	remain	
relatively stable, suggesting that a balance is achieved between viral replication and innate immune 
pressure [68]. Plasmacytoid DCs (pDCs) are thought to play an essential role in sensing HCV during 
the initial phase, increasing IFN production (via cell-to-cell contact), and activating the adaptive 
immune response. 
The	adaptive	(specific)	immune	system	responds	to	HCV	with	a	humoral	and	cellular	response.	Most	
individuals who get exposed develop neutralizing antibodies (nAb) during the course of  infection. 
One study demonstrated that spontaneous resolvers induced earlier, broader, and more vigorous nAb 
responses than those who developed chronic infection [69]. However, in hypogammaglobulinemic 
patients spontaneous clearance of  HCV infection also occurs, which may suggest that the nAb 
response plays a minor role [70]. 
The importance of  a vigorous T cell response is considered to be essential in the clearance of  HCV. 
CD4+ T cells recognize viral peptides presented by major histocompatibility complex (MHC) class 
II molecules on antigen presenting cells. CD8+ T cells recognize viral peptides presented via MHC 
class I molecules on the surface of  hepatocytes and mediate viral clearance via cytoxic activity [71]. 
Within	the	first	eight	weeks	following	infection,	broad	and	vigorous	HCV-specific	CD4+ and CD8+ 
T cell responses are observed, irrespective of  outcome [72-74]. After 10-12 weeks of  viremia a 
dichotomization	seems	to	occur	 in	the	HCV-specific	CD4+ T cell response. Broad and vigorous 
HCV-specific	CD4+ T cell responses remain stable for individuals who spontaneously resolve their 
infection, but these cells rapidly become less functional and disappear for those who progress to 
chronic infection [72,75]. Depletion studies in chimpanzees revealed that CD8+ T cells are essential 
for viral clearance [76,77]. During the acute phase it seems that there is no qualitative difference 
between individuals who resolve HCV infection and those who progress to a persistent infection. 
[74]	Therefore	HCV	has	to	escape	from	HCV-specific	CD8+ T cells during the acute phase in those 
who become chronically infected. One way is through the development of  viral escape mutations 
that are not recognized by the CD8+ T cell response [78]. Another mechanism involves upregulation 
of  inhibitory T cell receptors such as programmed death factor 1 (PD-1) and mucin domain–
containing	molecule	3	(TIM3)	resulting	in	functionally	exhausted	HCV-specific	CD8	T	cells.	[79].	
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Treatment
Over the past decades HCV treatment options have evolved rapidly with cure rates of  less than 10% 
increasing to 90% [80]. The infection is cured in more than 99% of  patients who achieve a sustained 
virological	response	(SVR),	which	is	defined	as	undetectable	HCV	RNA	in	serum	24	weeks	after	
the end of  treatment (EOT) [81]. Until DAA became available, standard antiviral treatment of  
chronic HCV infection consisted of  weekly injections with PEG-IFN and daily RBV [82]. Standard 
treatment duration generally ranged from 24 weeks to 48 weeks and depended on HCV genotype. 
In general, treatment with PEG-IFN/RBV resulted in an SVR in 46%–60% of  patients with a 
chronic genotype 1 and 4 infection, and 76%–80% of  those with genotype 2 or 3 infection [83-
85]. Individuals with HIV coinfection have considerably lower SVR rates than HCV-monoinfected 
individuals [86]. Treatment outcomes improved when treatment was started shortly after acute 
HCV infection in both HIV/HCV-coinfected and HCV-monoinfected individuals [87]. Treatment 
of  prior non-responders was less effective and brought another round of  side effects.
In 2012, two DAAs were approved in the Netherlands for HCV genotype 1 infection, namely 
telaprevir and boceprevir. These two NS3/4 protease inhibitors are given in combination with 
PEG-IFN/RBV and cannot be used as mono therapy due to emergence of  resistant variants. This 
triple therapy leads to SVR rates of  70% in treatment-naïve individuals and 50% in previously 
treated individuals [88]. Although HCV treatment success rates improved, serious side effects 
during	 treatment	 were	 common	 and	 included	 flu-like	 symptoms,	 depression,	 and	 fatigue	 [89].	
Treatment discontinuation occurred in 10%-15% of  patients treated with PEG-IFN/RBV and 
11%-25% [90-92] for patients on triple therapy. The addition of  DAAs not only increased treatment 
discontinuation, but the side effects reported (skin rash and anemia) were more serious [93]. 
Fortunately, new and promising treatment regimens were approved in Europe, including the 
Netherlands, in 2014 and include an NS3/4A protease inhibitor (simeprevir ®) and an RNA-
polymerase inhibitor (sofosbuvir®) [82,94]. These drugs will lead to shorter therapy duration, 
interferon-free regimens, increased SVR rates (up to 90%), and can be used for multiple HCV 
genotypes [95]. Unfortunately, for 2015 these treatment regimens are only reimbursed for patients 
with	severe	fibrosis,	severe	extra-hepatic	manifestations,	patients	in	work-up	for	liver	transplantation,	
or patients post liver transplantation [96]. The decision to treat or to watchfully wait for more 
evidence or approval of  other promising regimens should be guided by the HCV genotype and 
patients being treatment-naïve, treatment-experienced, or cirrhotic. The therapeutic landscape of  
HCV infection is moving ahead quickly, with new (non-nucleoside) protease inhibitors and RNA-
polymerase inhibitors in the pipeline. The treatment regimens described here are limited to those 
included in the Dutch guidelines presented in October 2014 [94]. 

Relapse, reinfection, coinfection, and superinfection
One could speculate that patients who have cleared infection carry a protective immunity against 
reinfection as is observed in chimpanzees [97]. However, several groups have reported that 
reinfections or superinfections do occur among individuals with ongoing risk behavior, such as 
PWID [98]. Although HCV treatment among PWID can be as effective as treatment for non-
PWID [99], physicians seem to be reluctant to offer HCV treatment to PWID. One of  the reasons 
is the potential risk of  reinfection following treatment [100]. There is limited data available on the 
risk of  reinfection among PWID after successful treatment. In three relatively small studies (n=9, 
27 and 35), the overall reinfection rate varied from 0.6/100 person-years to 3.2 cases/100 person-
years [101,102,103 ]. 
It is not always clear whether a reinfection or viral relapse has occurred following HCV treatment, 
and from both a clinical and a research perspective it is necessary to clarify what we mean by 
relapse and reinfection. Classically, viral relapse following an EOT response - as indicated by the 
absence	of 	HCV	RNA	in	serum	-	is	defined	as	the	recurrence	of 	HCV	viremia	with	the	same	virus	
within	24	weeks	of 	therapy	cessation.	Reinfection	is	defined	as	a	case	in	which	an	initial	infection	
is completely resolved prior to a subsequent infection [104]. This can be either a reinfection with 
a different genotype/subtype compared to the initial infection, or with the same subtype but a 
different strain. In individuals with high-risk behavior and frequent exposure to HCV, multiple viral 
strains can be detected at a single time point. This is referred to as a mixed infection. Two types of  
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mixed infections can be distinguished, namely coinfection and superinfection [104]. Coinfection can 
be	defined	as	a	simultaneous	acquisition	of 	two	or	more	HCV	viral	strains.	Superinfection	occurs	
in individuals with chronic HCV infection who present with a new and different HCV viral strain(s) 
after reexposure to HCV. 
Diagnosing reinfection is primarily based on ‘population’ sequencing, which generates a consensus 
sequence averaging the genomic variation present. Diagnosing mixed infections is more complicated 
as it involves analysis of  variants that may be present as a minority population among a large 
population of  different major variants. Population sequencing may still reveal a subpopulation of  
minor variants but only when they constitute 20%–30% of  the virus population. To identify mixed 
infections with minority variants present at a frequency below 20%–30% additional laboratory tools 
are needed. Increasing our knowledge on the incidence of  multiple infections and assessing the 
genetic relatedness of  primary and successive viral strains will provide more insight into correlates 
of  immunity against HCV and is crucial for vaccine development and targeted preventive strategies. 

Prevention 
Unfortunately no effective vaccine is available to date, although some progression has been made 
using T-cell vaccines [105]. Until an effective vaccine is available, several components are of  key 
importance to reduce the burden of  disease. First, prevention should be targeted at avoidance 
of 	 infection.	 In	 high-income	 countries,	 screening	 of 	 blood	 products	 significantly	 reduced	 the	
incidence of  transfusion-associated transmission [9,10]. Comprehensive harm-reduction programs, 
including needle exchange and methadone substitution therapy, have likely contributed to a 
declining incidence of  HCV infection among PWID [21-23]. Second, screening those who are 
at risk will lead to awareness of  HCV status and early detection of  infection. Third, among the 
infected population, treatment will reduce disease progression but also has the potential to prevent 
secondary transmission [106]. Unfortunately, PWID are often subject to marginalization and few 
receive HCV treatment. Although HCV treatment with PEG-IFN and RBV is cost-effective among 
PWID, these HCV treatment regimens are still expensive [107]. In order to answer to a necessary 
scale-up of  HCV treatment, considerable investments by local and national governments need to 
be made. 

Aims and outline of  this thesis
The studies in this thesis were performed to improve our understanding of  the risk, the natural 
history, and the long-term complications of  HCV infection for PWID and HIV-infected MSM. 
Investigation of  acute HCV infection can provide valuable insights into HCV pathogenesis, which 
could	benefit	vaccine	design	and	treatment	improvement.	Development	of 	successful	preventive	
strategies is dependent on knowledge of  factors that drive HCV transmission, especially with respect 
to marginalized populations such as PWID. Acute infection is usually asymptomatic and therefore 
rarely recognized. Importantly, longitudinal follow-up of  HCV seroconverters provides insight into 
the full course of  disease progression and HCV-associated morbidity and mortality. This might help 
improve treatment decision making. The data sources used in the studies are outlined in table 1.
Chapter 2 focuses on the risk of  HCV infection among two risk groups: people who use drugs 
(PWUD), including PWID, and MSM. In 1978 the Netherlands introduced low threshold harm-
reduction programs for PWUD that are still in use. Previous studies demonstrated a simultaneous 
decline in HIV and HCV incidence rates and found that full participation in these programs was 
associated with a lower risk of  HIV and HCV infections [22]. In chapter 2.1 injection risk behavior 
and sexual risk behavior are investigated over a period of  more than 25 years among PWUD from 
the Amsterdam Cohort Studies (ACS), in order to determine whether the PWUD in Amsterdam 
are still at risk for HIV and STI today. As HIV and HCV infections have overlapping modes of  
acquisition, a decline in injection risk behavior would likely lead to a decrease in both infections. 
With	 the	 prospect	 of 	 increasing	 efficacy	 of 	HCV	 treatment,	 one	would	 expect	 that	 increasing	
numbers of  PWID with chronic HCV infection would be treated. However barriers to initiate 
treatment still exist. One of  these barriers is a presumed high risk of  HCV reinfection among 
PWID. To gain insight into this barrier we examined the reinfection risk among PWID in chapter 
2.2. 
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To date, very few studies have been performed on HCV reinfection following successful treatment 
among HIV-infected MSM. In a relatively closed community with a high similarity of  circulating 
viruses	 it	can	be	difficult	 to	determine	the	true	 incidence	of 	new	infections.	In	chapter 2.3 the 
incidence of  reinfections is described among MSM attending the HIV treatment clinic of  the 
AMC, one of  the sites of  the observational MOSAIC cohort study among MSM with acute HCV 
infection. In this study, genetic sequencing of  the highly diverse fragment of  the second envelope 
gene that includes the hypervariable region 1 was used to distinguish intra-host evolution from a 
new infection with the same genotype (clade-switch).
Chapter 2.4 reviews the available data from published studies among PWID examining HCV 
reinfection following treatment and tries to characterize those at risk for reinfection. In addition, 
strategies to distinguish reinfection from relapse or mixed infection are described. 
Chapter 3 describes the natural history of  HCV infection. Studying acute HCV infection can provide 
valuable insights into HCV pathogenesis. However, many of  the early studies on spontaneous 
clearance were limited by the study population, including prevalent and symptomatic cases. 
Chapter 3.1 describes factors associated with spontaneous clearance among HCV seroconverters 
from the ACS. This study includes HCV-negative PWID who were recruited in the community 
and	 seroconverted	 for	HCV	during	 follow-up.	Higher	HCV	RNA	 levels	during	 the	first	month	
of  acute infection have been shown to be associated with spontaneous clearance. We gained more 
insight into the factors associated with these high RNA levels during acute HCV infection in a large 
collaborative study among PWID in chapter 3.2. 
Several studies have been performed to investigate factors associated with HCV RNA levels. 
However these studies had a cross-sectional design, limited follow-up, included prevalent cases, and 
were often hospital-based. In chapter 3.3 the natural course of  HCV RNA over time and factors 
associated with longitudinal HCV RNA levels up to 23 years from HCV seroconverters from the 
ACS were investigated. As PWID have a high risk for chronic infections such as HIV and HCV, 
they are also at risk for premature immune senescence. Chapter 3.4 examines whether PWID from 
the ACS with or without HCV and/or HIV infection are at increased risk for premature immune 
senescence. 
It is clear that people can die from HCV infection, especially decades after infection. However, 
studies on the impact of  chronic HCV infection on mortality rates in PWID are complicated by 
competing causes of  mortality. Moreover, to determine the impact of  chronic HCV on mortality 
in community-acquired HCV infection, PWID that resolve their HCV infection are the most 
appropriate control group as these two groups most likely share important characteristics, unlike a 
sample from the general population that is HCV-negative. In chapter 3.5 we compared the overall 
and	cause-specific	mortality	following	HCV	seroconversion	between	PWID	with	a	chronic	HCV	
infection and PWID who spontaneously cleared  their HCV infection.
In chapter 4,	the	general	discussion,	the	main	findings	of 	this	dissertation	are	discussed	and	related	
to the most recent literature. Furthermore, recommendations for future research and possible 
implications of  the presented studies are shared. 
Table 1: Data sources and study populations used in this thesis 

 

Data sources Countries Study population Study period Chapter 

Amsterdam Cohort Studies 
(ACS) 
 

The Netherlands PWID 1985-2011 2.1, 2.4, 3.1, 
3.3, 3.4, 3.5 

Drug users treatment for chronic 
hepatitis C unit (DUTCH-C) 
 

The Netherlands Chronically HCV infected 
PWID eligible for 
treatment 

2004-2011 2.2 

The International Collaboration 
of Incident HIV and Hepatitis C 
in Injecting Cohorts (InC3) Study  
 

Australia, Canada, the 
Netherlands, the 
United States 

PWID with acute HCV 
infection 

1986-2010 3.2 

MSM Observational Study of 
Acute Infection with hepatitis C 
(Mosaic) 
 

The Netherlands HIV infected men who 
have sex with men 

2009-2013 2.3, 2.4 

MSM attending the HIV-
treatment clinic of the Academic  
Medical Center (AMC) 
Amsterdam 

The Netherlands HIV infected men who 
have sex with men 

1994-2011 2.3, 2.4 

 

Table 1. Data sources and study populations used in this thesis



1 1

15

References

1. Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M. Isolation of  a cDNA clone derived 
from a blood-borne non-A, non-B viral hepatitis genome. Science 1989,244:359-362.

2. Micallef  JM, Kaldor JM, Dore GJ. Spontaneous viral clearance following acute hepatitis C infection: a 
systematic review of  longitudinal studies. J Viral Hepat 2006,13:34-41.

3. Seeff  LB. The history of  the “natural history” of  hepatitis C (1968-2009). Liver Int 2009,29 Suppl 1:89-99.
4.	 Mohd	Hanafiah	K,	Groeger	J,	Flaxman	AD,	Wiersma	ST.	Global	epidemiology	of 	hepatitis	C	virus	infection:	

new	estimates	of 	age-specific	antibody	to	HCV	seroprevalence.	Hepatology 2013,57:1333-1342.
5. Frank C, Mohamed MK, Strickland GT, Lavanchy D, Arthur RR, Magder LS, et al. The role of  parenteral 

antischistosomal therapy in the spread of  hepatitis C virus in Egypt. Lancet 2000,355:887-891.
6. Hajarizadeh B, Grebely J, Dore GJ. Epidemiology and natural history of  HCV infection. Nat Rev Gastroenterol 

Hepatol 2013.
7. Vriend HJ, Van Veen MG, Prins M, Urbanus AT, Boot HJ, Op De Coul EL. Hepatitis C virus prevalence in 

The Netherlands: migrants account for most infections. Epidemiol Infect 2013,141:1310-1317.
8. Memon MI, Memon MA. Hepatitis C: an epidemiological review. J Viral Hepat 2002,9:84-100.
9. Schreiber GB, Busch MP, Kleinman SH, Korelitz JJ. The risk of  transfusion-transmitted viral infections. The 

Retrovirus Epidemiology Donor Study. N Engl J Med 1996,334:1685-1690.
10. Stramer SL, Glynn SA, Kleinman SH, Strong DM, Caglioti S, Wright DJ, et al. Detection of  HIV-1 and 

HCV	infections	among	antibody-negative	blood	donors	by	nucleic	acid-amplification	testing.	N Engl J Med 
2004,351:760-768.

11. Averhoff  FM, Glass N, Holtzman D. Global burden of  hepatitis C: considerations for healthcare providers in 
the United States. Clin Infect Dis 2012,55 Suppl 1:S10-15.

12. Shepard CW, Finelli L, Alter MJ. Global epidemiology of  hepatitis C virus infection. Lancet Infect Dis 2005,5:558-
567.

13. Nakano T, Lau GM, Lau GM, Sugiyama M, Mizokami M. An updated analysis of  hepatitis C virus genotypes 
and subtypes based on the complete coding region. Liver Int 2012,32:339-345.

14. Nelson PK, Mathers BM, Cowie B, Hagan H, Des Jarlais D, Horyniak D, et al. Global epidemiology of  
hepatitis B and hepatitis C in people who inject drugs: results of  systematic reviews. Lancet 2011,378:571-583.

15. Maher L, Li J, Jalaludin B, Chant KG, Kaldor JM. High hepatitis C incidence in new injecting drug users: a 
policy failure? Aust N Z J Public Health 2007,31:30-35.

16. Mehta SH, Astemborski J, Kirk GD, Strathdee SA, Nelson KE, Vlahov D, et al. Changes in blood-borne 
infection risk among injection drug users. J Infect Dis 2011,203:587-594.

17. Palmateer NE, Hutchinson SJ, Innes H, Schnier C, Wu O, Goldberg DJ, et al. Review and meta-analysis of  the 
association between self-reported sharing of  needles/syringes and hepatitis C virus prevalence and incidence 
among people who inject drugs in Europe. Int J Drug Policy 2013,24:85-100.

18. Wiessing L, Ferri M, Grady B, Kantzanou M, Sperle I, Cullen KJ, et al. Hepatitis C virus infection epidemiology 
among people who inject drugs in Europe: a systematic review of  data for scaling up treatment and prevention. 
PLoS One 2014,9:e103345.

19. van den Berg CH, Smit C, Bakker M, Geskus RB, Berkhout B, Jurriaans S, et al. Major decline of  hepatitis C 
virus incidence rate over two decades in a cohort of  drug users. Eur J Epidemiol 2007,22:183-193.

20. Iversen J, Wand H, Topp L, Kaldor J, Maher L. Reduction in HCV incidence among injection drug users 
attending needle and syringe programs in Australia: a linkage study. Am J Public Health 2013,103:1436-1444.

21. Craine N, Hickman M, Parry JV, Smith J, Walker AM, Russell D, et al. Incidence of  hepatitis C in drug 
injectors: the role of  homelessness, opiate substitution treatment, equipment sharing, and community size. 
Epidemiol Infect 2009,137:1255-1265.

22. Van Den Berg C, Smit C, Van Brussel G, Coutinho R, Prins M, Amsterdam C. Full participation in harm 
reduction	programmes	is	associated	with	decreased	risk	for	human	immunodeficiency	virus	and	hepatitis	C	
virus: evidence from the Amsterdam Cohort Studies among drug users. Addiction 2007,102:1454-1462.

23. Turner KM, Hutchinson S, Vickerman P, Hope V, Craine N, Palmateer N, et al. The impact of  needle and 
syringe provision and opiate substitution therapy on the incidence of  hepatitis C virus in injecting drug users: 
pooling of  UK evidence. Addiction 2011,106:1978-1988.

24. Esteban JI, Sauleda S, Quer J. The changing epidemiology of  hepatitis C virus infection in Europe. J Hepatol 
2008,48:148-162.

25. Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS, Pybus OG, et al. Global distribution and prevalence 
of  hepatitis C virus genotypes. Hepatology 2014.

26. van de Laar TJ, van der Bij AK, Prins M, Bruisten SM, Brinkman K, Ruys TA, et al. Increase in HCV incidence 
among men who have sex with men in Amsterdam most likely caused by sexual transmission. J Infect Dis 
2007,196:230-238.

27. Rauch A, Rickenbach M, Weber R, Hirschel B, Tarr PE, Bucher HC, et al. Unsafe sex and increased incidence 
of  hepatitis C virus infection among HIV-infected men who have sex with men: the Swiss HIV Cohort Study. 
Clin Infect Dis 2005,41:395-402.

28. Danta M, Brown D, Bhagani S, Pybus OG, Sabin CA, Nelson M, et al. Recent epidemic of  acute hepatitis C 
virus in HIV-positive men who have sex with men linked to high-risk sexual behaviours. AIDS 2007,21:983-
991.

29. van de Laar T, Pybus O, Bruisten S, Brown D, Nelson M, Bhagani S, et al. Evidence of  a large, international 
network of  HCV transmission in HIV-positive men who have sex with men. Gastroenterology 2009,136:1609-
1617.

30. van der Helm JJ, Prins M, del Amo J, Bucher HC, Chene G, Dorrucci M, et al. The hepatitis C epidemic among 
HIV-positive MSM: incidence estimates from 1990 to 2007. AIDS 2011,25:1083-1091.



1 1

16

31. Tohme RA, Holmberg SD. Is sexual contact a major mode of  hepatitis C virus transmission? Hepatology 
2010,52:1497-1505.

32. Jin F, Prestage GP, Matthews G, Zablotska I, Rawstorne P, Kippax SC, et al. Prevalence, incidence and risk 
factors for hepatitis C in homosexual men: data from two cohorts of  HIV-negative and HIV-positive men in 
Sydney, Australia. Sex Transm Infect 2010,86:25-28.

33. van de Laar TJ, Paxton WA, Zorgdrager F, Cornelissen M, de Vries HJ. Sexual transmission of  hepatitis C virus 
in	human	immunodeficiency	virus-negative	men	who	have	sex	with	men:	a	series	of 	case	reports.	Sex Transm 
Dis 2011,38:102-104.

34. Urbanus AT, Van De Laar TJ, Geskus R, Vanhommerig JW, Van Rooijen MS, Schinkel J, et al. Trends in 
hepatitis C virus infections among MSM attending a sexually transmitted infection clinic; 1995-2010. AIDS 
2014,28:781-790.

35. McFaul K, Maghlaoui A, Nzuruba M, Farnworth S, Foxton M, Anderson M, et al. Acute hepatitis C infection 
in HIV-negative men who have sex with men. J Viral Hepat 2014.

36. Bradshaw D, Matthews G, Danta M. Sexually transmitted hepatitis C infection: the new epidemic in MSM? 
Curr Opin Infect Dis 2013,26:66-72.

37. van de Laar TJ, Matthews GV, Prins M, Danta M. Acute hepatitis C in HIV-infected men who have sex with 
men: an emerging sexually transmitted infection. AIDS 2010,24:1799-1812.

38. Yeung LT, King SM, Roberts EA. Mother-to-infant transmission of  hepatitis C virus. Hepatology 2001,34:223-
229.

39. Shebl FM, El-Kamary SS, Saleh DA, Abdel-Hamid M, Mikhail N, Allam A, et al. Prospective cohort study of  
mother-to-infant infection and clearance of  hepatitis C in rural Egyptian villages. J Med Virol 2009,81:1024-
1031.

40. Mast EE, Hwang LY, Seto DS, Nolte FS, Nainan OV, Wurtzel H, et al. Risk factors for perinatal transmission of  
hepatitis C virus (HCV) and the natural history of  HCV infection acquired in infancy. J Infect Dis 2005,192:1880-
1889.

41. Wang YK, Rigat KL, Roberts SB, Gao M. A homogeneous, solid-phase assay for hepatitis C virus RNA-
dependent RNA polymerase. Anal Biochem 2006,359:106-111.

42. Paez Jimenez A, Sharaf  Eldin N, Rimlinger F, El-Daly M, El-Hariri H, El-Hoseiny M, et al. HCV iatrogenic 
and intrafamilial transmission in Greater Cairo, Egypt. Gut 2010,59:1554-1560.

43. Janjua NZ, Hamza HB, Islam M, Tirmizi SF, Siddiqui A, Jafri W, et al. Health care risk factors among women 
and personal behaviours among men explain the high prevalence of  hepatitis C virus infection in Karachi, 
Pakistan. J Viral Hepat 2010,17:317-326.

44. Janjua NZ, Razaq M, Chandir S, Rozi S, Mahmood B. Poor knowledge--predictor of  nonadherence to universal 
precautions	for	blood	borne	pathogens	at	first	level	care	facilities	in	Pakistan.	BMC Infect Dis 2007,7:81.

45. Janjua NZ, Nizamy MA. Knowledge and practices of  barbers about hepatitis B and C transmission in 
Rawalpindi and Islamabad. J Pak Med Assoc 2004,54:116-119.

46. Urbanus AT, van de Laar TJ, van den Hoek A, Zuure FR, Speksnijder AG, Baaten GG, et al. Hepatitis C in 
the general population of  various ethnic origins living in the Netherlands: should non-Western migrants be 
screened? J Hepatol 2011,55:1207-1214.

47. van de Laar T. Molecular epidemiology of  hepatitis C virus. Enschede: University of  Amsterdam; 2008.
48. Glynn SA, Wright DJ, Kleinman SH, Hirschkorn D, Tu Y, Heldebrant C, et al. Dynamics of  viremia in early 

hepatitis C virus infection. Transfusion 2005,45:994-1002.
49. Orland JR, Wright TL, Cooper S. Acute hepatitis C. Hepatology 2001,33:321-327.
50. Kamal SM. Acute hepatitis C: a systematic review. Am J Gastroenterol 2008,103:1283-1297; quiz 1298.
51. Grebely J, Page K, Sacks-Davis R, Schim van der Loeff  M, Rice TM, Bruneau J, et al. The effects of  female sex, 

viral genotype, and IL28B genotype on spontaneous clearance of  acute hepatitis C Virus infection. Hepatology 
2013.

52. Santantonio T, Medda E, Ferrari C, Fabris P, Cariti G, Massari M, et al. Risk factors and outcome among a large 
patient cohort with community-acquired acute hepatitis C in Italy. Clin Infect Dis 2006,43:1154-1159.

53. Grebely J, Petoumenos K, Hellard M, Matthews GV, Suppiah V, Applegate T, et al. Potential role for interleukin-
28B genotype in treatment decision-making in recent hepatitis C virus infection. Hepatology 2010,52:1216-
1224.

54. Page K, Hahn JA, Evans J, Shiboski S, Lum P, Delwart E, et al. Acute hepatitis C virus infection in young 
adult injection drug users: a prospective study of  incident infection, resolution, and reinfection. J Infect Dis 
2009,200:1216-1226.

55. Cox AL, Netski DM, Mosbruger T, Sherman SG, Strathdee S, Ompad D, et al. Prospective evaluation of  
community-acquired acute-phase hepatitis C virus infection. Clin Infect Dis 2005,40:951-958.

56.	 Missiha	 SB,	 Ostrowski	 M,	 Heathcote	 EJ.	 Disease	 progression	 in	 chronic	 hepatitis	 C:	 modifiable	 and	
nonmodifiable	factors.	Gastroenterology 2008,134:1699-1714.

57.	 Thein	HH,	Yi	Q,	Dore	GJ,	Krahn	MD.	Estimation	of 	 stage-specific	fibrosis	progression	 rates	 in	 chronic	
hepatitis C virus infection: a meta-analysis and meta-regression. Hepatology 2008,48:418-431.

58. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis. 
Gastroenterology 2007,132:2557-2576.

59. Jacobson IM, Cacoub P, Dal Maso L, Harrison SA, Younossi ZM. Manifestations of  chronic hepatitis C virus 
infection beyond the liver. Clin Gastroenterol Hepatol 2010,8:1017-1029.

60. Negro F. Hepatitis C in 2013: HCV causes systemic disorders that can be cured. Nat Rev Gastroenterol Hepatol 
2014,11:77-78.

61. Ferrando-Martinez S, Ruiz-Mateos E, Romero-Sanchez MC, Munoz-Fernandez MA, Viciana P, Genebat M, et 
al. HIV infection-related premature immunosenescence: high rates of  immune exhaustion after short time of  
infection. Curr HIV Res 2011,9:289-294.



1 1

17

62. Effros RB. Genetic alterations in the ageing immune system: impact on infection and cancer. Mech Ageing Dev 
2003,124:71-77.

63. Sulkowski MS, Mehta SH, Torbenson MS, Higgins Y, Brinkley SC, de Oca RM, et al.	Rapid	fibrosis	progression	
among HIV/hepatitis C virus-co-infected adults. AIDS 2007,21:2209-2216.

64. Kovacs A, Karim R, Mack WJ, Xu J, Chen Z, Operskalski E, et al. Activation of  CD8 T cells predicts 
progression of  HIV infection in women coinfected with hepatitis C virus. J Infect Dis 2010,201:823-834.

65. van der Helm J, Geskus R, Sabin C, Meyer L, Del Amo J, Chene G, et al. Effect of  HCV infection on cause-
specific	mortality	after	HIV	seroconversion,	before	and	after	1997.	Gastroenterology 2013,144:751-760 e752.

66. Matser A, Urbanus A, Geskus R, Kretzschmar M, Xiridou M, Buster M, et al. The effect of  hepatitis C 
treatment	and	human	immunodeficiency	virus	(HIV)	co-infection	on	the	disease	burden	of 	hepatitis	C	among	
injecting drug users in Amsterdam. Addiction 2012,107:614-623.

67. Rosen HR. Emerging concepts in immunity to hepatitis C virus infection. J Clin Invest 2013,123:4121-4130.
68. Claassen MA, Janssen HL, Boonstra A. Role of  T cell immunity in hepatitis C virus infections. Curr Opin Virol 

2013,3:461-467.
69. Pestka JM, Zeisel MB, Blaser E, Schurmann P, Bartosch B, Cosset FL, et al. Rapid induction of  virus-

neutralizing antibodies and viral clearance in a single-source outbreak of  hepatitis C. Proc Natl Acad Sci U S A 
2007,104:6025-6030.

70.	 Semmo	N,	Lucas	M,	Krashias	G,	Lauer	G,	Chapel	H,	Klenerman	P.	Maintenance	of 	HCV-specific	T-cell	
responses	in	antibody-deficient	patients	a	decade	after	early	therapy.	Blood 2006,107:4570-4571.

71. Jo J, Aichele U, Kersting N, Klein R, Aichele P, Bisse E, et al. Analysis of  CD8+ T-cell-mediated inhibition of  
hepatitis C virus replication using a novel immunological model. Gastroenterology 2009,136:1391-1401.

72. Schulze Zur Wiesch J, Ciuffreda D, Lewis-Ximenez L, Kasprowicz V, Nolan BE, Streeck H, et al. Broadly 
directed	 virus-specific	 CD4+	 T	 cell	 responses	 are	 primed	 during	 acute	 hepatitis	 C	 infection,	 but	 rapidly	
disappear from human blood with viral persistence. J Exp Med 2012,209:61-75.

73. Lauer GM, Barnes E, Lucas M, Timm J, Ouchi K, Kim AY, et al. High resolution analysis of  cellular immune 
responses in resolved and persistent hepatitis C virus infection. Gastroenterology 2004,127:924-936.

74. Cox AL, Mosbruger T, Lauer GM, Pardoll D, Thomas DL, Ray SC. Comprehensive analyses of  CD8+ T cell 
responses during longitudinal study of  acute human hepatitis C. Hepatology 2005,42:104-112.

75. Gerlach JT, Diepolder HM, Jung MC, Gruener NH, Schraut WW, Zachoval R, et al. Recurrence of  hepatitis C 
virus	after	loss	of 	virus-specific	CD4(+)	T-cell	response	in	acute	hepatitis	C.	Gastroenterology 1999,117:933-941.

76. Cooper S, Erickson AL, Adams EJ, Kansopon J, Weiner AJ, Chien DY, et al. Analysis of  a successful immune 
response against hepatitis C virus. Immunity 1999,10:439-449.

77. Shoukry NH, Grakoui A, Houghton M, Chien DY, Ghrayeb J, Reimann KA, et al. Memory CD8+ T cells are 
required for protection from persistent hepatitis C virus infection. J Exp Med 2003,197:1645-1655.

78. Timm J, Lauer GM, Kavanagh DG, Sheridan I, Kim AY, Lucas M, et al. CD8 epitope escape and reversion in 
acute HCV infection. J Exp Med 2004,200:1593-1604.

79. Kroy DC, Ciuffreda D, Cooperrider JH, Tomlinson M, Hauck GD, Aneja J, et al. Liver environment and 
HCV replication affect human T-cell phenotype and expression of  inhibitory receptors. Gastroenterology 
2014,146:550-561.

80. Alter HJ, Liang TJ. Hepatitis C: the end of  the beginning and possibly the beginning of  the end. Ann Intern 
Med 2012,156:317-318.

81. European Association for the Study of  the L. EASL Clinical Practice Guidelines: management of  hepatitis C 
virus infection. J Hepatol 2011,55:245-264.

82. European Association for the Study of  the Liver. Electronic address eee. EASL Recommendations on 
Treatment of  Hepatitis C 2014. J Hepatol 2014.

83. Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, Goncales FL, Jr., et al. Peginterferon alfa-2a plus 
ribavirin for chronic hepatitis C virus infection. N Engl J Med 2002,347:975-982.

84. Hadziyannis SJ, Sette H, Jr., Morgan TR, Balan V, Diago M, Marcellin P, et al. Peginterferon-alpha2a and 
ribavirin combination therapy in chronic hepatitis C: a randomized study of  treatment duration and ribavirin 
dose. Ann Intern Med 2004,140:346-355.

85. Kamal SM, Nasser IA. Hepatitis C genotype 4: What we know and what we don’t yet know. Hepatology 
2008,47:1371-1383.

86. Ghany MG, Strader DB, Thomas DL, Seeff  LB, American Association for the Study of  Liver D. Diagnosis, 
management, and treatment of  hepatitis C: an update. Hepatology 2009,49:1335-1374.

87. Matthews GV, Hellard M, Haber P, Yeung B, Marks P, Baker D, et al. Characteristics and treatment outcomes 
among HIV-infected individuals in the Australian Trial in Acute Hepatitis C. Clin Infect Dis 2009,48:650-658.

88. Asselah T, Marcellin P. New direct-acting antivirals’ combination for the treatment of  chronic hepatitis C. Liver 
Int 2011,31 Suppl 1:68-77.

89.	 Manns	MP,	Wedemeyer	H,	Cornberg	M.	Treating	viral	hepatitis	C:	efficacy,	side	effects,	and	complications.	Gut 
2006,55:1350-1359.

90. Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie AM, Reddy KR, Bzowej NH, et al. Telaprevir for 
previously untreated chronic hepatitis C virus infection. N Engl J Med 2011,364:2405-2416.

91. Poordad F, McCone J, Jr., Bacon BR, Bruno S, Manns MP, Sulkowski MS, et al. Boceprevir for untreated 
chronic HCV genotype 1 infection. N Engl J Med 2011,364:1195-1206.

92. Zeuzem S, Andreone P, Pol S, Lawitz E, Diago M, Roberts S, et al. Telaprevir for retreatment of  HCV infection. 
N Engl J Med 2011,364:2417-2428.

93. Chou R, Hartung D, Rahman B, Wasson N, Cottrell EB, Fu R. Comparative effectiveness of  antiviral treatment 
for hepatitis C virus infection in adults: a systematic review. Ann Intern Med 2013,158:114-123.

94. Berden FA, Kievit W, Baak LC, Bakker CM, Beuers U, Boucher CA, et al. Dutch guidance for the treatment of  
chronic hepatitis C virus infection in a new therapeutic era. Neth J Med 2014,72:388-400.



1 1

18

95. Belousova V, Abd-Rabou AA, Mousa SA. Recent advances and future directions in the management of  
hepatitis C infections. Pharmacol Ther 2015,145C:92-102.

96.	 Schippers	EI.	Vergoeding	Hepatitis	C	middel	Sovaldi	met	financieel	arrangement.	In.	Den	Haag;	2014.
97. Bassett SE, Guerra B, Brasky K, Miskovsky E, Houghton M, Klimpel GR, et al. Protective immune response 

to hepatitis C virus in chimpanzees rechallenged following clearance of  primary infection. Hepatology 
2001,33:1479-1487.

98. Grebely J, Pham ST, Matthews GV, Petoumenos K, Bull RA, Yeung B, et al. Hepatitis C virus reinfection and 
superinfection among treated and untreated participants with recent infection. Hepatology 2012,55:1058-1069.

99. Lindenburg CE, Lambers FA, Urbanus AT, Schinkel J, Jansen PL, Krol A, et al. Hepatitis C testing and 
treatment among active drug users in Amsterdam: results from the DUTCH-C project. Eur J Gastroenterol 
Hepatol 2011,23:23-31.

100. Grebely J, Genoway KA, Raffa JD, Dhadwal G, Rajan T, Showler G, et al. Barriers associated with the treatment 
of  hepatitis C virus infection among illicit drug users. Drug Alcohol Depend 2008,93:141-147.

101. Backmund M, Meyer K, Edlin BR. Infrequent reinfection after successful treatment for hepatitis C virus 
infection in injection drug users. Clin Infect Dis 2004,39:1540-1543.

102. Currie SL, Ryan JC, Tracy D, Wright TL, George S, McQuaid R, et al. A prospective study to examine persistent 
HCV reinfection in injection drug users who have previously cleared the virus. Drug Alcohol Depend 2008,93:148-
154.

103. Grebely J, Knight E, Ngai T, Genoway KA, Raffa JD, Storms M, et al. Reinfection with hepatitis C virus 
following sustained virological response in injection drug users. J Gastroenterol Hepatol 2010,25:1281-1284.

104. Blackard JT, Sherman KE. Hepatitis C virus coinfection and superinfection. J Infect Dis 2007,195:519-524.
105. Cox AL, Thomas DL. Hepatitis C virus vaccines among people who inject drugs. Clin Infect Dis 2013,57 Suppl 

2:S46-50.
106. Martin NK, Hickman M, Hutchinson SJ, Goldberg DJ, Vickerman P. 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. Clin Infect Dis 2013,57 Suppl 2:S39-45.

107. Martin NK, Vickerman P, Miners A, Foster GR, Hutchinson SJ, Goldberg DJ, et al. Cost-effectiveness of  
hepatitis C virus antiviral treatment for injection drug user populations. Hepatology 2012,55:49-57.


