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Chapter 1
General introduction
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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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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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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].
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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.

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 flulike 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
10

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].
11
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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.

1

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 [8385]. 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 RNApolymerase 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 RNApolymerase 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 nonPWID [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 personyears [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
12

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 harmreduction 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.
13
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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.

1

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
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

2004-2011

2.2

The International Collaboration
of Incident HIV and Hepatitis C
3
in Injecting Cohorts (InC ) Study

Australia, Canada, the
Netherlands, the
United States

Chronically HCV infected
PWID eligible for
treatment
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 HIVtreatment clinic of the Academic
Medical Center (AMC)
Amsterdam

The Netherlands

HIV infected men who
have sex with men

1994-2011

2.3, 2.4
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Abstract
Background and aims: To examine whether drug users (DU) in the Amsterdam Cohort Study (ACS)
are still at risk for HIV, we studied trends in HIV incidence and injecting and sexual risk behaviour
from 1986 to 2011.
Methods: The ACS is an open, prospective cohort study on HIV. Calendar time trends in HIV
incidence were modelled using Poisson regression. Trends in risk behaviour were modelled via
generalized estimating equations. In 2010, a screening for STI (chlamydia, gonorrhoea and syphilis)
was performed. Determinants of unprotected sex were studied using logistic regression analysis.
Results: The HIV incidence among 1298 participants of the ACS with a total follow-up of 12,921
person-years (PY) declined from 6.0/100 PY (95% confidence interval [CI] 3.2-11.1) in 1986 to less
than 1/100 PY from 1997 onwards. Both injection and sexual risk behaviour declined significantly
over time. Out of 197 participants screened for STI in 2010-2011, median age 49 years (IQR 43-59),
only 5 (2.5%) were diagnosed with an STI. In multivariable analysis, having a steady partner (aOR
4.1, 95% CI 1.6-10.5) was associated with unprotected sex. HIV-infected participants were less likely
to report unprotected sex (aOR 0.07, 95% CI 0.02-0.37).
Conclusions: HIV incidence and injection risk behaviour declined from 1986 onwards. STI
prevalence is low; unprotected sex is associated with steady partners and is less common among
HIV-infected participants. These findings indicate a low transmission risk of HIV and STI, which
suggests that DU do not play a significant role in the current spread of HIV in Amsterdam.
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Materials and Methods
Ethics statement
The medical ethics committee of the Academic Medical Center (MEC AMC, 09/40) approved the
current observational study. Enrolment is voluntary, anonymous and written informed consent
was obtained from each participant at intake visit. Participants agreed that questionnaires and
blood samples or other specimens will be used for research purposes. Participants can withdraw
from the study at anytime. All potential participants who declined or did not participate, were not
disadvantaged in any other way by not participating in this study.
Study population
In December 1985, the ACS among DU (www.amsterdamcohortstudies.org) was initiated [17].
Recruitment is still ongoing and in recent years has been directed in particular to young DU. Over
time, an estimated 15% of the Amsterdam injecting DU population participated in the ACS [18].
Participants return for follow-up visits every 4 (until 2003) to 6 months. At each visit, trained
research nurses interview the participants regarding sociodemographic information, (injecting) drug
use, sexual risk behaviour and STIs, using a standardized questionnaire. Questions at study entry
refer to the preceding 6 months, questions during follow-up refer to the period between the current
and the previous visit. In addition, at every visit blood is collected for storage and to test for HIV
antibodies.
We offered STI screening to all participants of the ACS who had a cohort visit between November
2010 and June 2011. Participants who consented to STI screening are further referred to as ‘recent
visitors’. These recent visitors were tested for Chlamydia trachomatis (CT), Neisseria gonorrhoeae (NG)
and Trepanoma pallidum (syphilis). Self-collected urine samples (males) and self-collected vaginal
swabs (females) were used to test for CT and NG. Serum was tested for syphilis. Participants at high
risk for STI were not tested at the cohort study clinic but were directly referred to the outpatient
STI clinic of the Public Health Service of Amsterdam in the same building [19]. High risk for STI
was defined as: receiving money for sex in the previous 6 months and not being tested for STI
23
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Introduction
Drug users (DU) are at risk for HIV through both injection risk behaviour and sexual risk behaviour,
with injection risk behaviour being the predominant mode of HIV transmission [1]. Injecting drug
users account for 22% of all newly diagnosed HIV infections in Europe [2]. However, sexual risk
behaviour seems to play an increasing role in the acquisition of HIV among DU [3-7].
In addition to the separate patterns of transmission, there is a degree of overlap between (injecting)
drug use and sexual risk behaviour. Use of stimulants (e.g., cocaine) is associated with an increased
risk of unprotected sex [1,8,9]. Another overlap was seen in DU who worked as commercial sex
workers (CSW) [10,11]. DU who are involved in sex work show higher rates of unprotected sex and
sexually transmitted infections (STI) [3,12].
It has been suggested that comprehensive harm-reduction programmes contributed to the
stabilisation or even decline of HIV incidence among DU in the Netherlands and other countries
in Western Europe and North America [13-15]. However, harm-reduction programmes are usually
directed at reducing injection risk behaviour and less at reducing sexual risk behaviour [16].
Between 1986 and 2005, we observed a decline in injecting risk behaviour among DU in Amsterdam.
However, sexual risk behaviour remained substantial in this study and was considered to be the
main risk factor for HIV acquisition [7]. In order to examine whether DU are still at risk for HIV,
we updated analyses for trends in HIV incidence, and both injection and sexual risk behaviour in the
Amsterdam Cohort Study (ACS) among DU from 1986 until 2011. In addition, to assess whether
there is a need for interventions to reduce sexual risk behaviour, we tested for STIs and examined
determinants for unprotected sex among those study participants who had a study visit in 2010 to
2011.
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during the last 6 months; symptoms suggestive of an STI; participants who were notified about STI
exposure by their sexual partner(s); and (for male participants only) having had sex with men in the
previous 6 months.
Laboratory methods
At each visit, serum was tested for HIV antibodies (Ag/Ab Combo test, Axsym; Abbott Laboratories
and bioMérieux, France). Reactive samples were confirmed by immunoblot (Line Immuno Assay,
Inno-Lia HIV I/II Score; Innogenetics NV, Gent, Belgium). Before 2004, reactive samples were
confirmed by Western blot.
For the recent visitors, self-collected urine (male) or vaginal swab (female) samples were tested
for CT and NG using Nucleic Acid Amplification Test (NAAT) (Gen-probe Aptima Combo 2
Assay, San Diego, CA, USA). Serum was tested for syphilis (Treponema pallidum particle agglutination
assay; Serodia-TPPA; Fujirebio Europe BV). To confirm and classify syphilis, reactive samples were
further tested by the Venereal Disease Research Laboratory (VDRL) test (Wellcome, Dartford, UK),
RPR-nosticon II (rapid plasma reagin; Biomérieux, Marcy l’Etoile, France) and the FTA-absorption
test (Trepo-Spot IF; Biomérieux, Marcy l’Etoile, France). Positive test results were classified into
‘infectious syphilis’ (TPPA ≥ 1:80 and VDRL ≥ 1:8) and ‘previously treated syphilis’ (TPPA ≥ 1:80
and VDRL >1:1).
Laboratory procedures for high-risk participants have been described elsewhere [20]. In brief,
urine samples and vaginal swabs were tested for CT and NG. Serum was tested for syphilis. Direct
microscopy on gram stains and wet mounts was performed for NG, non-specific urethritis (NSU)
in male participants and NG and Trichomonas vaginalis (TV) in female participants.
STI treatment
Participants of the STI screening received negative test results by letter. In the event of positive
test results, participants were seen at the study site by the physician of the ACS and subsequently
received treatment under supervision of dermatologists of our STI clinic.
Statistical analysis
To investigate trends in HIV incidence among all HIV-negative DU at ACS entry, the observed
HIV incidence rate per calendar year was calculated using person-time techniques. The date of
HIV seroconversion was estimated as the midpoint between the last HIV-seronegative and the first
HIV-seropositive ACS visit. Trends in HIV incidence rates over calendar time among all DU and
injecting DU were modelled separately.
Among HIV-negative participants, trends in self-reported injecting and sexual risk behaviour, use of
needle exchange and STI were modelled using logistic regression. Adjusting for multiple visits per
individual was done by using generalised estimating equations assuming an exchangeable working
covariance matrix. Information regarding unprotected sex was available from 1991 onwards. We
defined unprotected sex as not or not always having used a condom while practising vaginal or anal
sex. Trends and HIV incidence rates over calendar time were allowed to vary smoothly using natural
cubic splines [21].
To examine determinants of unprotected sex among the recent visitors, logistic regression was used.
Participants who did not report vaginal or anal sex in the preceding 6 months were excluded from
this analysis. Potential determinants included variables of sociodemographics, drug use and sexual
behaviour. Unprotected sex was reported separately for each partner type from 2009 onwards. We
distinguished steady partner, casual partner, client and CSW. To account for participants who reported
multiple partner types, generalised estimating equations (GEE) were used [22]. A multivariable
model was built including variables with a univariable p-value <0.20 after which backward stepwise
selection was used with a p-value of 0.05. A p-value <0.05 was considered statistically significant.
Statistical analysis was performed by use of SPSS software (version 19.0; SPSS Inc.) and the R
statistical computing environment (version 2.14.0; http://www.R-project.org/).
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STI screening
(N=197)
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(N=1658)
at baseline
between
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Recent visitors
N=197

All visitors
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Gender
Male
141 (72%)
1035 (62%)
Nationality
Dutch
166 (84%)
1183 (71%)
Non-Dutch
31 (16%)
475 (29%)
Age, median (IQR)
49 (43-54)
30 (26-35)
HIV
Positive at study entry
15 (8%)
322 (19%)
Housing situation
a
Supervised housing
86 (44%)
359 (28%)
Having a steady partner
Yes
69 (35%)
755 (46%)
b
Partner type
None
90 (46%)
*
Steady
62 (32%)
*
Casual
42 (21%)
*
Client
9 (5%)
*
CSW
14 (7%)
*
#
Sexual risk behaviour
No
125 (64%)
511 (56%)
c
Yes, unprotected
72 (36%)
294 (44%)
Ever injected drugs
Yes
124 (63%)
1158 (69%)
Injected drugs in past 6 months
Yes
23 (12%)
868 (52%)
d
Drug use in past 6 months
Only cocaine
142 (72%)
559 (34%)
Only heroin
99 (50%)
702 (42%)
e
Cocktail
7 (4%)
383 (23%)
Cannabis
115 (58%)
*
f
Other
92 (47%)
295 (18%)
Alcohol (any daily)
Yes
116 (59%)
333 (20%)
Methadone prescription
Yes
123 (62%)
636 (38%)
CSW, commercial sex worker; IQR, interquartile range; STI, sexually transmitted infection.
aCSW,
Supervised:
living in asex
hotel/pension,
institutional
care, lodging.
commercial
worker; IQR,
interquartile
range; STI, sexually transmitted infection.
ba Partner type: per individual more than 1 partner type possible.
Supervised: living in a hotel/pension, institutional care, lodging.
cb Unprotected sex: Inconsistent condom use.
Partnerinjecting
type: per
than
partnermore
typethan
possible.
dc Includes
and individual
noninjecting more
drug use;
per1individual
1 type of drug use possible.
sex:together.
Inconsistent condom use.
e Unprotected
Heroin and cocaine
d
f Includes
benzodiazepines,
barbiturates.
Includes
injecting andamphetamines
noninjectingand
drug
use; per individual more than 1 type of drug use possible.
#e Questions
on sexual
risk behaviour
Heroin and
cocaine
together.were available from 1991 onwards
*f Questions on partner types and cannabis use were only available from 2009 onwards.

Includes benzodiazepines, amphetamines and barbiturates.
Questions on sexual risk behaviour were available from 1991 onwards
* Questions on partner types and cannabis use were only available from 2009 onwards.
#

Results
Demographics
From December 1985 until December 2011, 1658 DU had been enrolled in the ACS, of whom 1298
DU had at least 2 visits with a total follow-up of 12,921 person years. The median age at entry was
30 years (IQR 26-35), 62% were male and 71% had Dutch nationality, see table 1. Of all the DU,
1158 (69%) participants reported at baseline that they had ever injected drugs and 59 participants
started injecting drugs during follow-up. The median follow-up time was 9.2 years (IQR 3.7–14.8).
By 31 December 2011, 464 DU had died. The yearly return rate, defined as participants who visited
the ACS during a given calendar year and returned for a follow-up visit the next year, was 94% (IQR
92-96) and was stable over time.
HIV incidence
Out of 1298 DU with at least two visits, 261 (20%) participants were HIV-infected at study entry
and 97 participants seroconverted for HIV during follow-up. Median age at HIV seroconversion
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was 33 years (IQR 28-38), 59% were male and 80% had Dutch nationality. The number of HIVnegative DU in follow-up increased from 133 DU in 1986 to 598 in 2001, and then declined to 284
in 2011. Figure 1 shows the observed HIV incidence for all DU and the fitted HIV incidence for
all DU and injecting DU only. The fitted HIV incidence rate among all DU of the ACS was initially
high: 5.96/100 PY (95% confidence interval (CI) 3.21-11.05) in 1986, but decreased significantly
over time (p<0.001) and the fitted HIV incidence remained less than 1/100 PY from 1997 onwards.
For injectors only, the fitted HIV incidence was slightly higher at 7.47/100 PY (95% CI 3.94-14.16)
in 1986, decreasing over time (p<0.001) to less than 1/100 PY from 1997 onwards.
Injecting drug use and sexual risk behaviour
Estimated trends in injecting drug use and sexual risk behaviour from 1986 till 2010 are shown in
figure 2. Although there was some variation over time, injecting risk behaviour and use of needle
exchange showed declining trends. The prevalence of injecting drug use decreased drastically over
time, as did the prevalence of borrowing needles (both test for trend p<0.001). The use of needle
exchange increased up to 38.2% (95% CI 34.8-41.6) in 1993 and decreased over time to 8.5% (95%
CI 6.5-11.1) in 2010 (test for trend p<0.001). Of interest, this decrease occurred at a comparable
rate as the prevalence of reported injecting. The prevalence of any unsafe sex was 55.6% (95% CI
50.8-60.2) in 1991 and decreased to 45.4% (95% CI 42.3-48.5) in 1996. Between 1997 and 2005 the
trend appeared relatively stable over time, respectively 44.4% (41.5-47.3) and 43.4% (95% CI 40.346.6). After 2005, the prevalence of any unsafe sex declined to 35.0% (95% CI 31.4-38.8) in 2010,
test for trend p<0.001. The prevalence of self-reported STIs was 6.3% (95% CI 4.3-9.2) in 1986 and
decreased to 3.1% (95% CI 2.6-4.6) in 2010, test for trend p=0.011.
A decline in risk behaviour during 25 years of observation could be caused by drop out or death of
participants with high-risk behaviour. In a sensitivity analysis, we selected participants with a study
visit in 2010. The trends of observed proportions of visits with self-reported STIs, any unprotected
sex, injecting and borrowing of needles in the group with a 2010 visit were comparable to those
in the total group. On average, injecting drug use was lower in the group with a visit in 2010 when
compared to the total group, although this difference became less apparent since 1997. Use of
needle exchange also started lower in the group with a 2010 visit, but followed the same decline over
time (data not shown).
To rule out a cohort effect, we censored follow-up 3 years after study entry. Trends over time were
comparable, although we observed no decline in any unsafe sex after 2005.
STI and unprotected sex among the recent visitors
Between November 2010 and June 2011, 272 individuals had a cohort visit, of whom 197 (72.4%)
underwent an STI screening. Of the visitors who were not willing to participate in this STI screening,
64.0% indicated that they had no personal interest, 17.3% were recently tested, and 9.3% did not
have time. Gender, age and nationality of 75 of the eligible but nonparticipating visitors were
comparable to the recent visitors who were willing to participate. 9 out of 75 nonparticipants
(12.0%) were HIV-infected as compared to 25 out of 197 (12.7%) participants included in the STI
screening. Of interest, 65.3% of nonparticipants had not been sexually active in the past 6 months
compared with 45.7% of the participants who consented to STI screening, Χ2-test: p=0.003.
Of the 197 participants who consented to STI screening, 141 (71.6%) were male and the majority
were of Dutch nationality (84.2%). Their median age was 49.4 years (IQR 43.2-53.9). Characteristics
of these participants at time of STI screening are presented in table 1. Of interest is the increase of
reported methadone use, alcohol intake and the only use of cocaine as compared to all visitors at
baseline. Blood was drawn from all participants and from 181 (91.9%) participants, urine or vaginal
swabs were also tested. 190 (96.4%) participants were screened at the study site, and the other 7
(3.6%) followed the STI screening procedures at the STI clinic due to their high-risk STI profile.
Of 197 participants, 22 (11.2%) had evidence of previously treated syphilis. Of these 22 participants,
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Figure 1. Observed and fitted HIV incidence in the Amsterdam Cohort Studies among drug users (DU), for all DU and for injecting
DU only, 1986 – 2011. The shaded and striped areas represent the 95% confidence intervals for, respectively, all DU (fitted) and
injecting DU only (fitted).

Figure 2. Fitted trends in self-reported injecting and sexual risk behaviour of proportion of visits per calendar year among DU of
the Amsterdam Cohort Studies, 1986-2011. The shaded and striped and grey areas represent the 95% confidence intervals. STI,
sexual transmitted infection.
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Table 2. Univariable and multivariable associations with unprotected sex among only sexually active

Table
Univariable
andAmsterdam
multivariable Cohort
associations
with(N=
unprotected
recent2.visitors
of the
Studies
107). sex among only sexually active recent visitors of the
Amsterdam Cohort Studies (N= 107).
Univariable
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N (%)
Gender
Male
Female
Age in years
Per 10-year increase
Ethnicity
Dutch
Non-Dutch
a
Housing situation
Supervised
Unsupervised
b
Partner type
Casual
Steady
Client
CSW
No. of sexual partners
1
>1
HIV-status
HIV-negative
HIV-positive
Injection drug use
No
Yes
c
Drug use
Only cocaine
No
Yes
Only heroin
No
Yes
d
Cocktail
No
Yes
Cannabis
No
Yes
e
Other
No
Yes
Methadone on prescription
No
Yes
Alcohol (any daily)
No
Yes

OR (95% CI)

71 (66.4)
36 (33.6)

1.00
2.03 (0.88-4.72)

107

1.31 (0.77-2.20)

87 (81.3)
20 (18.7)

1.00
0.56 (0.22-1.43)

47 (43.9)
60 (56.1)

1.00
1.34 (0.62-2.92)

42 (33.1)
62 (48.8)
9 (7.1)
14 (11.0)

1.00
2.75 (1.17-6.47)
0.30 (0.06-1.45)
0.41 (0.14-1.26)

80 (74.8)
27 (25.2)

1.00
1.15 (0.50-2.66)

98 (91.6)
9 (8.4)

1.00
0.13 (0.03-0.64)

98 (91.6)
9 (8.4)

1.00
0.75 (0.18-3.06)

29 (27.1)
78 (72.9)

1.00
0.80 (0.35-1.83)

52 (48.6)
55 (51.4)

1.00
0.54 (0.24-1.21)

103 (96.2)
4 (3.7)

1.00
0.76 (0.10-5.91)

40 (37.4)
67 (62.6)

1.00
1.12 (0.51-2.47)

58 (54.2)
49 (45.8)

1.00
0.72 (0.33-1.57)

52 (48.6)
55 (51.4)

1.00
0.57 (0.25-1.26)

39 (36.4)
68 (63.6)

1.00
1.94 (0.86-4.36)

Multivariable
p-value

OR (95% CI)

p-value

0.10
0.33
0.22
0.46
0.003

0.75
0.012
0.44

1.00
3.77 (1.46-9.75)
0.34 (0.07-1.63)
0.32 (0.10-1.05)

1.00
0.07 (0.02-0.37)

0.001

0.002

0.60
0.14
0.79
0.77
0.42
0.17
0.11

CI,confidence
confidence
interval;
CSW,
commercial
sex worker;
OR,
odds ratio
CI,
interval;
CSW,
commercial
sex worker;
OR, odds
ratio
a
a Supervised: living in a hotel/pension, institutional care, lodging.
Supervised: living in a hotel/pension, institutional care, lodging.
b
b Partner type: per individual more than 1 partner type possible.
Partner type: per individual more than 1 partner type possible.
cc
Includes
injecting
andand
noninjecting
drug use;
individual,
more thanmore
1 type
of drug
use of
possible.
Includes
injecting
noninjecting
drugper
use;
per individual,
than
1 type
drug use possible.
dd
Heroin
cocaine
together.
Heroinand
and
cocaine
together.
ee
Includes
amphetamines
and barbiturates.
Includesbenzodiazepines,
benzodiazepines,
amphetamines
and barbiturates.

16 (72.7%) were female. None of the 197 participants was diagnosed with infectious syphilis. Of
181 samples screened at the study site for CT and NG, 3 participants (1.7%, all females and all
HIV-negative) were diagnosed with CT. Two out of three participants were of non-Dutch ethnicity:
Indonesian and Surinam. None of the 181 participants was diagnosed with NG.
Determinants of unprotected sex among recent visitors
Due to the low prevalence of STI among the 197 recent visitors, but a substantial prevalence of
unprotected sex in longitudinal analyses, we decided to analyse determinants for unprotected sex
among those who reported to be sexually active. 107 of the 197 (54.3%) recent visitors reported
to have had vaginal or anal sex in the previous 6 months. In univariable analyses, we found that
having a steady partner was significantly associated with unprotected sex compared to having a
28

casual partner. HIV-positive status was negatively associated with unprotected sex. Multivariable
analysis identified that having a steady partner (adjusted OR [aOR] 4.09, 95% CI 1.59-10.53) was
positively associated with unprotected sex when compared to casual partnerships. HIV-infected
participants were less likely to report unprotected sex (aOR 0.07, 95% CI 0.02-0.37) compared to
HIV-uninfected participants (Table 2).
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Discussion
This study describes trends in HIV incidence, injecting drug use and sexual risk behaviour among
DU of the ACS from 1986-2011. The major findings are declining trends in HIV incidence,
injecting and sexual risk behaviour. In addition, STI screening performed among participants of
the ACS with a study visit in 2010-2011 demonstrates a low STI prevalence. Although prevalence of
unprotected sex is substantial, it is associated with having sex with a steady partner and, of interest,
such prevalence is less in HIV-infected participants.
The decreasing trend in HIV incidence presented here is in line with other longitudinal studies
and surveillance systems on drug using populations in high-income countries [2,8,9,11,23,24].
However, many areas of the world report an increasing HIV-incidence rate among DU [6,15,2527]. This epidemiologic discrepancy could be a result of inequalities in access to harm-reduction
programmes and treatment services [15]. Coverage of HIV treatment and prevention services is
highest in Western Europe, reaching 61% of the injecting DU [28]. As one of the first countries
in Western Europe, the Netherlands initiated harm-reduction programmes in the 1980s [15].
The declining trend in the use of needle exchange, as observed in the ACS, was confirmed by a
reduction in the absolute number of exchanged needles per calendar year in Amsterdam, which
peaked in 1992 with 1,100,000 needles, whereas since 2007 about 150,000 needles per year were
exchanged. A study to evaluate the effect of needle exchange programmes and opiate substitution
therapy on HIV incidence among DU of the ACS found that the combination of these approaches
was associated with a lower risk for acquiring HIV and hepatitis C infection [13]. Interestingly,
phylogenetic analysis indicated that before 2002, 37 out of 47 cases who acquired HIV in the ACS
were infected by subtype B virus strains specific for DUs, whereas after 2002 all four new HIV
infections were unspecific for DUs. This might relate to the change in injecting risk behaviour [29].
In addition to the effect of harm-reduction programmes on reducing transmission through needles,
injecting drug use seems to be out of fashion in the Netherlands [30]. According to data on young
DU (aged 18-30) in Amsterdam, the proportion of individuals reporting a history of injection was
88% between 1985 and 1989 and declined to 31% between 2000 and 2004 [31]. On a broader level,
new injecting DU constitute less than 10% of all injecting DU in 10 European countries [32]. The
Netherlands appears to have the lowest rate of initiation of injecting among DU (2.1/100 PY) in
Europe [33].
Another explanation for the declining trends in risk behaviour could be the aging population of the
ACS. American studies support the finding that DU older than 50 years inject drugs [34] or share
needles [35] less often than younger users. In addition, when comparing sexual risk behaviours
among older and younger DU, older DU were less likely to have had sex in the past month [36].
Moreover, our analysis of the recent visitors revealed that a large number of participants reported
zero sexual partners in the past 6 months. However, aging DU that do have sex still engage in
high-risk sexual practices, such as inconsistent condom use [37,38]. Selective loss to follow-up of
high-risk participants could be another reason for the observed declines in risk behaviour over time.
We demonstrated in a sensitivity analysis, however, that there were comparable declines among
participants with a visit in 2010 as compared to the total DU population in the ACS. In addition,
our findings are in line with national surveillance programmes showing that diagnoses of HIV, acute
HBV and HCV infection are rarely reported in DU [39].
A previous study of the ACS in DU described that sources of HIV transmission changed from
mainly related to injecting risk behaviour before 1996 to mainly related to unprotected sex after
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1996 [7]. This change is of importance not only for DU populations but for others as well, since
DU have the potential to serve as a bridge for sexual HIV transmission to the wider community
[5,27]. Of interest, in contrast to observations among men who have sex with men [40], no increase
in sexual risk behaviour was found among HIV-infected DU of the ACS who initiated cART [41].
In a previous study among DU of the ACS between 1985 and 2005, we found a decline in HIV
incidence and injecting, but not in sexual risk behaviour [7]. However, our data suggest a gradually
decreasing proportion of any unprotected sex since 2004, accompanied by a low STI prevalence.
Still, the prevalence of unprotected sex is substantial, but our results among the recent visitors
demonstrate that unprotected sex is mainly done with a steady partner and is less common in
HIV-infected participants. Furthermore, the recent visitors of the ACS show a low STI prevalence
(2.5%), all diagnosed with CT. A CT screening in 2008 among young people (aged 15-29 years old)
living in Amsterdam found a CT prevalence of 3.6% [42]. Data from drug treatment centres and
other cohort studies from the United Kingdom and the United States all showed higher prevalences
of CT and NG [43,44]. This comparison of prevalences suggests that there is a low transmission
rate of STI among DU in Amsterdam. These findings may indicate that there is no major risk for
sexual HIV transmission among DU.
Due to the extension of the European Union, sex trafficking has become easier. A recent study
among CSW who had migrated from eastern Europe to London found higher prevalences (although
not significant) of HIV, CT, NG and syphilis in CSW from eastern Europe as compared to CSW
from the United Kingdom [45]. In contrast, these migrants less commonly reported a history of
drug use.
The current study has several limitations. First, our results can not be generalised to younger DU and
those followed in regions with no or limited access to comprehensive harm-reduction programmes.
Second, data on drugs and sexual risk behaviour were self-reported. Consequently, data could
be influenced by socially desirable answers and therefore may underestimate true risk behaviour.
However, STI screening and self-reported STI showed comparable prevalences, which suggests
accuracy in reporting STI history, which has also been described before [46]. Third, to increase
uptake for the STI screening among recent visitors we chose to use self-swabs. Unfortunately these
self-swabs could not be analysed for TV. Other studies reported high prevalence of trichomoniasis
among female DU, varying from 8.6% to 43% [43,44,46,47]. We were only able to test for TV in the 7
high-risk participants. Furthermore, participants at high risk for STI and those who reported clinical
symptoms were referred to the outpatient STI clinic of the Public Health Service of Amsterdam
where more extensive testing occurred (including for TV).
Fourth, to confirm our findings regarding the low prevalence of STIs, the STI screening should be
repeated and more data on STI prevalence among DU from outside our cohort is needed.
To conclude, we documented a continuing very low HIV-incidence rate accompanied by a low
injecting risk behaviour among DU of the ACS. Prevalence of unprotected sex was substantial,
but was mainly associated with having a steady partner and was less common in HIV-infected
participants. Taken together with a low STI prevalence among the recent visitors, our findings
indicate a low transmission risk of HIV and STI. These results suggest that DU no longer play a
significant role in the spread of HIV in Amsterdam.
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Abstract
Background: More than two-thirds of hepatitis C virus (HCV) infections are associated with
injecting drug use. Despite wide availability of standard treatment with pegylated interferon and
ribavirin, active drug users (DU) have limited access to HCV treatment. Physicians may be reluctant
to prescribe treatment because of presumed high risk of reinfection. However, data on reinfection
in treated DU remains scarce.
Methods: Active DU with chronic HCV infection were treated in a multidisciplinary setting. After
achieving sustained virologic response (SVR), patients were tested at 6-12 monthly intervals for
HCV RNA. To distinguish between relapse and reinfection, sequence and phylogenetic analysis
were performed on the NS5B region of the HCV genome. Incidence of reinfection was calculated
using person-time techniques.
Results: From April 2005 to March 2010, 69 active DU treated for HCV had sufficient followup, median 2.5 years (interquartile range, 1.6-3.7). SVR was reached in 42 patients (61%). During
follow-up, 41 cases remained HCV RNA-negative; of these, 2 patients died. During treatment
5/41 injected drugs which increased to 11/41 after end of treatment. One case of reinfection was
observed, followed by spontaneous clearance of the virus. The overall incidence was 0.76 per 100
person-years (95% CI 0.04-3.73). Restricted to those reporting injecting drug use, the incidence was
3.42 per 100 person-years (95% CI 0.17-16.90).
Conclusions: We report a low incidence of HCV reinfection following treatment in DU participating
in a multidisciplinary program. Active drug use, including injecting, should not preclude access to
treatment for HCV.
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Materials and methods
Study population
The Amsterdam Cohort Studies (ACS) is an open and ongoing prospective cohort study among DU
that was initiated in 1985 [20]. Participation is voluntary and informed consent is obtained at intake
for every participant. The ACS was approved by the medical ethics committee of the Academic
Medical Center. Within the ACS, the Drug Users Treatment for Chronic Hepatitis C (DUTCH-C)
project was launched in December 2004 and has previously been reported in detail [12]. In brief,
HCV treatment is provided to DU by ACS medical staff and a liver specialist from the Academic
Medical Center, Amsterdam. Methadone and psychopharmaceutical medications are prescribed by
addiction specialists and psychiatrists. Care providers from the methadone clinics provide support
and observe the development of side effects. No incentives were offered, and written informed
consent was required for participation. To assess hepatitis B virus (HBV) status, all patients were
routinely screened for anti-HBc, HBsAg and anti-HBs. HBV vaccination was offered for those
uninfected with HBV. Patients received standardized HCV treatment with PEG-IFN along with
RBV. Dosages were determined according to the standard of care and individually adjusted on the
basis of side effects. Treatment duration was 24 weeks (HCV genotype 2 and 3) or 48 weeks (HCV
genotype 1 and 4).
Laboratory methods
Blood samples were qualitatively tested for HCV RNA using transcription-mediated amplification
(TMA; Versant®, Siemens Medical Solutions Diagnostics, Munich, Germany) with a lower detection
limit of 5-10 IU mL-1. Successful treatment, indicated by sustained virologic response (SVR), was
defined as having an undetectable HCV RNA level 24 weeks post-treatment. When HCV RNA
37
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Introduction
Hepatitis C virus (HCV) infection poses serious challenges to global health, affecting more than
170 million individuals. In high-income countries, more than two-thirds of HCV infections are
associated with injection drug use [1]. About 75% of individuals infected with HCV develop chronic
HCV infection [2] and are at risk for long-term sequelae, including liver cirrhosis and hepatocellular
carcinoma [3]. In former and active injecting drug users (DU), HCV prevalence ranges from 30% to
95% [4, 5]. In 2010, the modelled prevalence of chronic HCV infection in the (ever) injecting DU
population (n=4353) in Amsterdam was 80.7% (95% CI 66.6-89.7) [6].
Nowadays, treatment for HCV infection with pegylated interferon alpha (PEG-IFN) and ribavirin
(RBV) is fairly adequate depending on genotype and more promising alternatives with direct acting
antiviral agents for HCV are upcoming [7, 8]. Unfortunately, physicians seem reluctant to offer
HCV treatment to DU because of their concerns about suboptimal patient adherence, potential
psychiatric decompensation, the risk of premature mortality and the risk of reinfection after
treatment [9-11]. We and others have shown that in a multidisciplinary program, HCV treatment
uptake and response in DU are comparable to a non-drug-using population [12-14]. Moreover,
modelling studies have suggested that HCV treatment could contribute to reduce the future HCV
disease burden among drug users [5, 6, 15].
However, data on the risk of reinfection in DU after successful treatment are scarce. Apart from
case reports, only four prospective studies among DU have been conducted. In a German study
among 18 DU, 0-2 cases of reinfection were observed, resulting in a reinfection rate of 0-4.1 per
100 person-years [16]. In the other three more recent, but relatively small studies (n=9, n=27 and
n=35), overall reinfection rate varied from 0.6 per 100 person years to 3.2 cases per 100 person
years. However, when restricted to those returning to injection drug use the reinfection rate was
higher in these studies: 1.9 cases per 100 person-years and 5.4 cases per 100 person-years [17-19].
To overcome potential barriers to treat DU, more prospective data are needed on the risk of
reinfection after successful HCV treatment. The aim of this study was to evaluate the rate of HCV
reinfection following end of treatment (EOT) in a prospective cohort with DU who finished HCV
therapy within a multidisciplinary program. HCV strains were genotyped to discriminate between
possible relapse, following HCV RNA-negativity at EOT, and true reinfection. In addition, we
evaluated the mortality risk following EOT.
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was detected at 24 weeks post-treatment, plasma samples taken before and after treatment were
compared by sequence analysis to distinguish between reinfection and relapse. After SVR, HCV
RNA was tested at 6-12 monthly intervals.
Genotyping was performed using primers and conditions as described previously by Murphy et
al. [21]. Sequence alignments were created using Mega 5.0 (GenBank Accession Nos. JN426992JN427013) along with established reference sequences [22] to determine viral genotype. For
phylogenetic analysis the Tamura-3 parameter evolution model was chosen using the model test
functionality in Mega 5.0 and the phylogenetic tree was constructed using the neighbour-joining
method. The inferred phylogenies were tested with 1000 bootstrap replications [23].
Causes of death
Patients were matched against the local and national registries to obtain information about their vital
status. Cause of death (COD) was actively and systematically obtained, if available, from hospitals,
general practitioners or coroners. Data were collected on the primary COD, contributing COD, and
underlying COD.
Statistical analyses
Incidence rate of reinfection was calculated using person-time techniques. Individual follow-up time
was calculated from EOT date until the last HCV RNA negative test, date of HCV reinfection or
death. The date of reinfection was determined as the midpoint between last HCV RNA-negative and
first HCV RNA-positive visit. If spontaneous clearance of the reinfection was observed, patients
were again considered at risk for another HCV reinfection from the first HCV RNA-negative visit
following the previous reinfection (if confirmed by at least two HCV RNA-negative visits following
the previous reinfection). Cumulative incidence curves were estimated for reinfection and death
within a competing risks framework. The R language and environment for statistical computing,
v2.8 [24] and SPSS v19.0 were used for data analysis.
Results
General characteristics
Between April 2005 and November 2010, 69 patients were treated for HCV infection. SVR was
reached in 42/69 patients (61%). Their characteristics at start of treatment, during treatment and
following EOT are described in table 1. During follow-up, 2 patients with SVR died. One patient
died from pneumonia/sepsis, the other patient’s death was classified as an undefined natural death,
at respectively 3.6 and 2.7 years after EOT. These two patients had their last HCV RNA-negative
test 26 weeks and 52 weeks before death and did not report any injection drug use during or after
EOT.
During treatment, 5/42 injected drugs. This number increased to 11/42 in the period after EOT.
During follow-up, 41 cases remained HCV RNA-negative. One case became HCV RNA-positive
and is described in more detail later.
Of the 27/69 that did not reach SVR, 10 were defined as relapses after being HCV RNA-negative at
EOT. All 10 patients were also studied for potential reinfection by phylogenetic analysis. In all cases,
pre- and post-treatment sequences of genotypes 1a (n=3) and 3a (n=7), clustered closely together,
which supports the notion of relapse.
Reinfection
One case of reinfection was observed, the case we present (study number 15895 in figure 1)
concerns a 56-year-old male of Dutch origin. He has a history of ongoing injection drug use since
1974 and, in fact, injected shortly before start of treatment. Before treatment he was found to carry
HCV genotype 1a at multiple visits. At start of treatment, baseline qualitative HCV RNA-test was
positive, HCV RNA by quantitative testing was <1000 IU mL-1 and ALT was 19 U L-1. He was
not infected with HIV and had previously cleared HBV infection. PEG-IFN and RBV therapy
was initiated in March 2008. From week 2 onwards, qualitative HCV RNA-tests were undetectable
until SVR. During treatment he was on methadone maintenance therapy and continued injecting
drug use. At 40 weeks following EOT (16 weeks after SVR) he reported a needlestick incident. The
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Figure 1. Phylogenetic tree of HCV NS5B sequences of one reinfection case and relapses (n=10) of DU treated for HCV in
Amsterdam. One reinfection (15895, ■) was determined by TMA but could not be genotyped. This case reported a needlestick
incident from his HCV-positive partner (15895 partner, ■). Among relapses (n=10), samples taken before (pre) and after (post)
treatment clustered closely together, supporting the notion of relapse rather than reinfection.
HCV, hepatitis C virus; TMA, transcription-mediated amplification.

39

2.2

needle was from his female partner, who was HCV RNA-positive with genotype 1a and who had
remained untreated. The qualitative HCV RNA-test was positive, however the viral load level was
<1000 IU mL-1. Unfortunately, we were not able to characterize this reinfection due to the low viral
load. Six weeks after the first positive test at reinfection, HCV RNA was undetectable by qualitative
testing and remained undetectable (145 weeks post-EOT and 107 weeks post-reinfection).
The overall incidence of HCV reinfection was 0.76 per 100 person-years (95% CI 0.04-3.73). When
restricting our analysis to those reporting injecting drug use, the incidence was 3.42 per 100 personyears (95% CI 0.17-16.90).
To investigate the likelihood of mortality and reinfection following EOT, we constructed cumulative
incidence curves, as shown in figure 2. Reinfection occurred earlier in time following EOT than
all-cause mortality. At 4 years after EOT, 2.4% (95% CI 0.0-6.9%) of DU were expected to have
acquired a HCV reinfection and 8.6% (95% CI 0.0-19.8%) were expected to have died (all-cause
mortality). Hence 89.2% were expected to be alive and reinfection-free at 4 years after EOT.

2.2

Figure 2. Cumulative incidence for HCV reinfection and survival among DU at risk for reinfection (n=42) since end of successful
HCV treatment, within a competing risk framework.
HCV, hepatitis C virus; DU, drug users; SVR, sustained virological response.

Table 1. Characteristics of patients with sustained virological response: at start of
treatment,
during
treatment
and
following
treatment
(n=42).
Table
1. Characteristics
of patients
with sustained
virological
response:end
at startof
of treatment,
during treatment
and following end
of treatment (n=42).

Characteristics
At start of treatment
Age, median (IQR)
Male Sex (n, %)
Dutch Nationality (n, %)
HCV genotype (n, %)
1
2
3
4
HIV coinfection (n,%)
HBV status
Anti-HBc-negative, HBsAg-negative (n,%)
Anti-HBc-positive, HBsAg-negative (n,%)
Anti-HBc-positive, HBsAg-positive (n,%)
Vaccinated (n,%)
Methadone use on prescription (n, %)
Alcohol, current intake >5 units/day (n, %)
Ever injected drugs (n,%)

14 (33.3)
25 (59.5)
0 (0.0)
3 (7.1)
39 (92.8)
6 (14.3)
41 (97.6)

Active drug use during treatment*
Injecting (n)
Non injecting drug use (n)

5
40

Follow-up after end of treatment
Active drug use after treatment*
Injecting (n)
Non-injecting drug use (n)
Median follow-up (years, IQR)
Median HCV RNA test interval (weeks, IQR)

11
41
2.5 (1.7-3.7)
28 (24-36)

51 (47-56)
31 (73.8)
35 (83.3)
6 (14.3)
12 (28.6)
22 (52.3)
2 (4.8)
1 (2.4)

*Patients can report on both injecting and non-injecting drug use.
HBV, hepatitis B virus; HCV, hepatitis C virus; IQR, interquartile range.

*Patients can report on both injecting and non-injecting drug use.

HBV, hepatitis B virus; HCV, hepatitis C virus; IQR, interquartile range.
40
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Discussion
The observed incidence rate of HCV reinfection was 0.76 to 3.42 cases per 100 person-years. These
results are comparable to the reinfection rates observed in other prospective studies performed in
Germany, Norway, Canada and the United States [16-19]. These studies did not include followup time after clearance of a reinfection. In addition, the occurrence of possible reinfection in
cases initially defined as relapses was not studied. If reinfections were present among the relapses,
reinfection rates in these studies might have been higher. Our observed reinfection rate is close to the
average yearly incidence rate of primary HCV infection among ever-injecting DU in the ACS since
2005 (i.e., 0.35 cases per 100 person-years). The HCV reinfection rate we found among injecting
DU is considerably lower than the current incidence of HCV reinfection following treatment of
acute HCV infection in HIV coinfected men who have sex with men (MSM) in Amsterdam, i.e.,
15.2 cases per 100 person-years [25].
We describe a case of spontaneous clearance of HCV reinfection following treatment and SVR
for a chronic HCV infection. Grebely et al. described the first case of spontaneous clearance after
reinfection with HCV. Their subject was treated for HCV genotype 3a and was reinfected with
HCV genotype 1a, followed by spontaneous clearance [19]. Unfortunately, we were not able to
genotype the reinfection of our case; however, as RNA became detectable again after SVR, this
case is a reinfection by definition [26]. Based on the reported behaviour, the case we described
was probably reinfected with the HCV genotype 1a from his female partner. This observation of
spontaneous clearance after reinfection of presumably genotype 1a following SVR when treated
for a previous chronic infection with genotype 1a, may suggest that an enhanced immune response,
as a result of therapy, allowed the patient to clear the reinfection without treatment. Following
spontaneous clearance of a primary HCV infection, strong and broad specific T-cell responses
have been reported in spontaneous clearance of HCV reinfection [27, 28]. However, our case was
not able to spontaneously resolve his primary HCV infection, which suggests that spontaneous
clearance is multifactorial.
Follow-up time was calculated from EOT instead of the SVR-date, therefore our follow-up time
increased with 24 weeks per individual. However, two recent studies have shown that HCV reinfections
can occur in the window phase between EOT and SVR in HCV-HIV coinfected MSM treated for
acute HCV [25, 29]. Of importance, these studies showed that patients originally diagnosed as late
relapses should be re-evaluated for reinfections. The distinction between relapse and reinfection
has important clinical consequences and should therefore prospectively be considered by clinicians.
Definition of relapse or reinfection in the first 6 months after EOT should, in a population with
ongoing HCV risk behaviour (e.g., injecting drug use), always be based on phylogenetic analysis. In
this study we used part of the NS5B gene for this analysis, because the phylogenetic signal in this
population was sufficient to distinguish between relapse and reinfection, as pre-treatment sequences
were unique for each patient. In populations where highly similar viruses are circulating, for example
the recent epidemic of acute HCV in HIV coinfected MSM, the genomic region analyzed in the
study may not be appropriate. Formally, we cannot completely rule out that the relapse patients with
clustering of pre- and post-treatment samples were reinfected by the same source. However, given
the minor genetic distances between pre- and post-treatment samples and the high evolutionary rate
of HCV, this seems highly unlikely.
One of the limitations of this study is that spontaneously resolved reinfections may have been
missed due to 6-12 monthly testing for HCV RNA. This would lead to an underestimation of the
observed HCV reinfection rate, but reinfections resulting in chronic infection would have been
noticed. The results from this study are based on treatment in DU in a multidisciplinary setting with
access to low-threshold comprehensive harm reduction programmes and might not be applicable
for treatment in a different setting. Another limitation is that variables on drug use behaviours were
self-reported and may be subjective according to socially desirable responses.
In conclusion, we found a low reinfection rate after successful treatment of HCV infection in active
DU participating in a multidisciplinary HCV treatment program in a city with comprehensive harm
reduction programs for DU. Active drug use, including injecting, during and after treatment was
relatively common; however it should not preclude access to treatment for HCV.
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Abstract
High rates of hepatitis C virus (HCV) reinfection among human immunodeficiency virus- (HIV-)
infected men who have sex with men (MSM), following clearance of a primary infection, suggest
absence of protective immunity. We investigated the incidence of HCV super- and reinfections in
85 HIV-infected MSM who had incident HCV infection. The occurrence of multiple infections
was identified by serial sequencing of a fragment of NS5B and the HCV envelope. If the primary
genotype was still present at the most recent viremic time, as indicated by the NS5B sequence
analysis, serial envelope glycoprotein 2/hypervariable region 1 sequence analysis was performed
to distinguish a new infection with the same genotype (clade switch) from intrahost evolution.
Incidence rate and cumulative incidence of secondary infections were estimated and the effect
of primary genotype (1a versus non-1) on the risk of acquiring a second infection with the same
genotype was determined using Cox proportional hazards regression model. In 85 patients with a
median follow-up 4.8 years, incidence rate of secondary infections was 5.39 cases/100 person-years
(95% confidence interval, 3.34 to 8.26 cases/100 person-years). Cumulative incidence of genotypeswitches (26.7%) was markedly higher than the cumulative incidence of clade switches (4.8%) at
5 years. In patients who had primary infection with HCV-1a, the risk of acquiring another HCV1a infection was reduced compared with patients who had a primary non-HCV-1a infection and
subsequently acquired HCV-1a (hazard ratio, 0.25; 95% confidence interval, 0.07 to 0.93).
Conclusion: The risk of acquiring a secondary infection with the primary genotype was markedly
reduced compared with the risk of acquiring a secondary infection with a different genotype.
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Methods
Study population
The study population consisted of 85 HIV-infected MSM attending the HIV-treatment clinic
of the Academic Medical Center in Amsterdam, the Netherlands, who acquired HCV infection
sexually between 1994 and 2011. Acute HCV infection was defined by a positive HCV RNA test
preceded by a negative HCV RNA test in patients without evidence of past HCV infection. Patients
were either prospectively identified during acute infection or retrospectively by determining HCV
RNA in anti-HCV-positive patients in stored serum samples from earlier times. Most patients were
participants of the MSM Observational Study of Acute Infection with hepatitis C (MOSAIC), a
prospective cohort study on acute hepatitis C infection in HIV-infected MSM [6]. Informed consent
was obtained, and the study was conducted according to hospital ethical guidelines and the 2011
Dutch code of conduct for responsible use of human tissue and medical research.
Virologic assessments
The presence of HCV RNA was assessed by transcription-mediated amplification (VERSANT
HCV RNA Qualitative Assay, Siemens, Malvern, PA, USA) or bDNA (VERSANT HCV RNA 3.0
Assay, Siemens). For genotyping, a 389-base pair fragment spanning positions 8616 to 8275 relative
to the H77 strain (AF009606) of the NS5B region was amplified and sequenced as previously
described [20]. For the detection of new infections with the same genotype (clade typing), a 590-base
pair fragment from the envelope, spanning positions 1295 to 1885 relative to the H77 strain, which
included the hypervariable region 1 (designated E2/HVR1), was amplified and directly sequenced.
The E2/HVR1 sequences were submitted to a genetic sequence database (GenBank, National
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Introduction
Sexual transmission of hepatitis C virus (HCV) is rare [1]. However, during the past decade, there
is increasing evidence for sexual transmission of HCV in human immunodeficiency virus- (HIV)
infected men who have sex with men (MSM) [2,3]. With the reduced spontaneous clearance in
HIV-infected patients [4] and more rapid progression to liver fibrosis and cirrhosis [5], the increased
incidence of HCV in this population is of great concern. Nevertheless, the infection can be cured,
especially during the acute phase, with reported success rates > 60% [6,7]. With new antiviral agents
becoming available, success rates are expected to increase, but this may be associated with substantial
cost [8]. After viral eradication, patients may become reinfected, as observed in people who inject
drugs [9-12]. It is unknown whether clearance of a primary infection, either treatment-induced
or spontaneously, results in protection against reinfection because studies have had inconsistent
findings [12-16].
Few studies have evaluated the rate of HCV reinfection in HIV-infected MSM. We previously
reported a high reinfection rate of 15.2 per 100 person-years in patients who were successfully
treated for acute HCV infection [17]. This finding was confirmed and extended in a recent study
from the United Kingdom that investigated the rate of reinfection in treatment-induced and
spontaneous clearers of acute HCV infection [18].
The true incidence of secondary infections in HIV-infected MSM may be underestimated for several
reasons in previous studies. Depending on interval of testing, secondary infections that were rapidly
cleared may have been missed. In addition, patients with persistent infection were not included in
both studies, whereas persistent viremia may have been caused by a superinfection with a new virus,
with or without observed clearance of the primary virus. Furthermore, without genetic analysis of
the relapsing virus, recurrence of viremia within 24 weeks after clearance of viremia may have been
misclassified as a relapse [9,19].
Increasing the knowledge about the incidence of multiple infections and assessing the genetic
relatedness of primary and successive viral strains would provide more insight into correlates of
immunity against HCV and is important for vaccine development and targeted preventive strategies.
Therefore, we studied the occurrence of multiple HCV infections in persistently infected patients
and patients who cleared the infection with or without treatment. The presence of new infections
with a different genotype (genotype switch) or different strain from the same genotype (clade switch)
was assessed by sequencing the virus present during the entire viremic period.
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Institutes of Health, Bethesda, MD, USA), under accession numbers KP399220 to KP399593;
all NS5B sequences were submitted to the same database under accession numbers KP398885 to
KP399219.
Analysis of multiple infections
For each patient, the first and most recent RNA positive samples were selected for NS5B genotyping.
If a genotype switch was observed between the first and last RNA-positive sample, the samples
taken between these 2 times were genotyped to determine the interval of genotype switch. At the
most recent time, when the original genotype still was present, sequence analysis of E2/HVR1 was
performed longitudinally on the stored serum samples to detect secondary infections with the same
genotype (clade switch).
Phylogenetic analysis was used to determine whether the evolving primary virus still was present
or replaced by a new viral strain from the same genotype. Sequences were analyzed using sequence
assembly software (Codoncode, version 3.7.1, CodonCode Corp., Centerville, MA, USA), aligned
using multiple sequence alignment software (Clustal X, version 2.0.11, Conway Institute, University
College Dublin, Dublin, Ireland), and edited (GeneDoc, version 2.7, Informer Technologies, Inc.,
San Francisco, CA, USA). For visual inspection of sequences, maximum likelihood trees were
constructed for each genotype under a Hasegawa-Kishino-Yano evolutionary model with invariant
sites plus a gamma distribution of among-site rate heterogeneity as implemented in specialized
software [21]. This substitution model exhibited the best-fit evolutionary substitution model for this
fragment, using the Akaike information criterion in software programs [22,23]. Trees were unrooted
and bootstrap values were determined from 1000 bootstrap resamplings of the original data.
To define an objective criterion for distinguishing intrahost evolution from a clade switch, nucleotide
substitution rates were estimated for the E2/HVR1 genomic region for all patient-specific internal
branches using a Bayesian Markov Chain Monte Carlo approach (BEAST, version 1.7.4, available
at http://beast.bio.ed.ac.uk) [24]. For each genotype, the model was run separately by applying an
uncorrelated relaxed lognormal molecular clock [25] and a coalescent exponential population size
with a random starting tree [26,27]. The Markov Chain Monte Carlo chains were run for 108 states
to obtain good convergence and effective sample size > 200. The model was run while enforcing
monophyly for each patient, thereby forcing the model to impose an unrealistically high nucleotide
substitution rate for branches with sequences derived from a heterologous virus. Substitution rates
for all branches were extracted from the maximum clade credibility tree (TreeAnnotator version
1.7.4) and constructed (FigTree version 1.4.0, both available at http://beast.bio.ed.ac.uk). Mean
substitution rates from all internal branches from patient-specific monophyletic clades were
calculated and a rate exceeding the mean plus 3-times the standard deviation (SD) was considered
as evidence for the occurrence of a clade switch between the 2 times.
Definitions
Cleared infections were defined as infections with [1] absent HCV RNA for ≥ 60 days in untreated
patients or [2] a sustained viral response that was achieved 24 weeks after treatment discontinuation.
If a reinfection occurred within 24 weeks after the end of treatment, the response was defined
as a sustained viral response. A reinfection was defined as recurrence of HCV RNA with a viral
strain other than the primary strain after a cleared infection. A superinfection was defined as
an infection with the detection of a new viral strain other than primary virus during follow-up,
without documented HCV RNA-negative times in between. A new infection was defined as either
reinfection or superinfection.
Statistical analysis
Data analysis was performed with statistical software (R, version 2.8, Institute for Statistics and
Mathematics, Wirtschaftsuniversität Wien, Vienna, Austria) (IBM SPSS Statistics for Windows,
Version 19.0, IBM Corp, Armonk, NY, USA). The incidence and confidence interval (CI) of new
infections after primary infections were calculated using person time methods and reported per
100 person-years. The mid-P test was used to compare incidence rates. The date of primary HCV
infection was estimated as the midpoint between the dates of the last RNA-negative and first RNA48

positive samples. Follow-up was calculated from estimated time of infection until the date when
either a genotype or clade switch occurred, or the last date of HCV genotyping when no viral switch
had occurred. Cumulative incidence curves were estimated within a competing-risks framework to
determine the incidence of the first genotype switch compared with the first clade switch during
follow-up. Cox proportional hazards regression model and log-rank test were used to evaluate the
effect of genotype (1a versus non-1a) at primary infection on the risk of a secondary infection
with genotype 1a. During treatment, patients were considered not to be at risk for a new infection.
Statistical significance was defined by P ≤ .05.

Genotype switches
The NS5B genotyping identified 18 genotype switches. A switch from HCV-4d to HCV-1a was
the most common switch (n = 9). Other observed genotype switches were 1a to 4d (n = 3), 1a
to 2b (n = 2), 1a to 3a (n = 1), 1b to 4d (n = 1), 1a to 1b (n = 1), and 3a to 1a (n = 1). Genotype
switches occurred in treated and untreated patients after cleared or persistent infections. In these 18
genotype switches, 16 genotype switches were secondary infections and 2 genotype switches were
tertiary infections.
Clade switches
Given the conserved character of NS5B (9), serial sequencing of the more variable E2/HVR1
region was performed in the 69 patients who did not have a genotype switch, to determine whether
changes in E2/HVR1 over time were compatible with intrahost evolution or a new infection with
the same genotype (clade switch). In total, 380 sequences were generated. Median interval between
sequences was 0.57 year (IQR, 0.21 to 0.99 y).
Visual inspection of maximum likelihood E2/HVR1 trees indicated that sequences clustered per
patient, with some intermingling of sequences from different patients at the beginning of the
infection. However, in 6 HCV-1a-infected patients, variants were detected during follow-up that
formed distinct phylogenetic clusters, suggesting replacement of the primary strain with another
HCV-1a strain (Figure 1). These 6 clade switches also were observed in the NS5B phylogenetic tree
(data not shown).
Intermingling at the beginning of infection also was observed in the HCV-4d phylogenetic tree.
Sequences derived from 1 patient occasionally formed separate clusters during follow-up (Figure
2; patient 004 and 013), which impeded distinguishing intrahost evolution from a clade switch by
visual inspection only.
To define a more objective criterion for the presence of a clade switch, we estimated nucleotide
substitution rates across internal branches of the tree using a Bayesian coalescent analysis, as
described in the methods section (24). The mean substitution rate across all branches was 9.44e-03
substitutions/site/year (SD, 1.56e-02). Using a cutoff of 5.62e-02 substitutions/site/year for clade
switch designation, which is the mean of the substitution rate + [3 X SD], 7 outliers from 6 patients
were identified (Figure 3), confirming that the clusters with large intrapatient genetic distances
in the HCV-1a phylogenetic tree represented clade switches. Nucleotide substitution rates above
the threshold were not present in patients infected with genotypes other than 1a. Clade switches
occurred as a second infection (n = 3), third infection (n = 2), and fourth infection (n = 1).
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Results
Patients
At HCV acquisition , the median age was 41.6 years (interquartile range [IQR], 36.2 to 46.8 y) and
median CD4+ cell count was 500 cells/µL (IQR, 393 to 638 cells/µL). The HIV load was available
for 80 of 85 patients; no HIV RNA was detectable at HCV infection in 39 patients (49%). Median
interval between HCV RNA testing was 2.2 months (IQR, 0.9 to 4.8 months). During the acute
stage of infection, 56 of 85 patients (66%) were treated with pegylated interferon and ribavirin, and
46 of the 56 patients (82%) had sustained viral response. There were 5 of 29 patients (17%) who
were not on treatment and who cleared the primary infection spontaneously.
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Figure 1 (left). Maximum Likelihood Phylogeny of Hepatitis C Virus (HCV) Genotype 1a. Maximum likelihood tree of all E2/HVR1
HCV-1a sequences. Bootstrap values ≥ 75 indicative of well-supported clades are shown. Symbols are patient specific. Tip labels
denote patient code followed by sampling date. Multiple HCV-1a infections in the same patients are indicated on the right of the
phylogenetic tree. Number of asterisks behind patient code indicates the number of infection.
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Figure 2. Maximum Likelihood Phylogeny of Hepatitis C Virus (HCV) Genotype 4d. Maximum likelihood tree of all E2/HVR1 HCV4d sequences. Bootstrap values ≥ 75 indicative of well-supported clades are shown. Symbols are patient specific.
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Figure 3. Hepatitis C Virus (HCV) E2/HVR1 Substitution Rates Per Site Per Year in Human Immunodeficiency Virus-Infected Men
Who Have Sex With Men. Dot plot of monophyly enforced substitution rates for all branches from all patients. The horizontal dotted
line represents the cutoff (5.62e-02 substitutions/site/year [mean + (3 × SD)]). Patient 019 was infected with HCV-4d between his
first and third HCV-1a infection. The apostrophe (‘) indicates the infection order.

Figure 4. New Infections After Primary Hepatitis C Virus (HCV) Infection. Flow chart summarizing all observed genotype and clade
switches during follow-up. Abbreviations: R, relapse; NR, nonresponse; SVR, sustained viral response. Bullets indicate the end of
follow-up.
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Figure 5. Individual Infection History of Patients With Multiple Infections. Bullets indicate the end of follow-up.
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Figure 6. Cumulative Incidences for Genotype and Clade Switches and Kaplan-Meier Method for New Hepatitis C Virus (HCV)
Infections After Primary HCV Infection.
(A) Cumulative incidences, estimated within a competing-risks framework, for genotype and clade switches after primary HCV
infection in 85 Human Immunodeficiency Virus-infected men who have sex with men. Lines represent new infections with the same
genotype as the original HCV infection (clade switch, solid line) and new HCV infections with a genotype different than the genotype
at primary HCV infection (genotype-switch, dashed line).
(B) For all patients, Kaplan-Meier method for new HCV-1a infections (n = 11) after a primary infection with HCV-1a (solid line) (n
= 51) or a non-HCV-1a primary infection (dashed line) (n = 34). Cox proportional hazards model was used to compare primary
infection with HCV-1a to primary infection with non-HCV-1a.
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Incidence of new infections: association with clearance and primary genotype
In total, 24 new infections, both super- and reinfections, were observed in 19 patients. Figure 4
summarizes all new infections in a flow chart in relation to treatment and treatment outcome. In
4 of 19 patients, multiple viral switches were observed. Most new infections were reinfections,
following either spontaneous or treatment-induced clearance of the primary infection, with a total
of 19 reinfections in patients who had total 64 previously cleared infections and 5 superinfections
in 44 persistent infections. In the 5 spontaneously cleared infections, 3 reinfections occurred. Figure
5 illustrates the individual infection history of patients with multiple infections.
The overall incidence of a secondary infection was 5.39 cases per 100 person-years (95% CI, 3.34
to 8.26 person-years), with 19 secondary infections in 85 patients and median follow-up 2.87 years
(IQR, 1.51 to 5.87 y) excluding the treatment period. The incidence of reinfection in patients who
had a resolved primary infection (n = 51) was 14.5 per 100 person-years (95% CI, 8.41 to 23.34
person-years). In contrast, the incidence of superinfections was significantly lower, with 1.6 cases
per 100 person-years (IQR, 0.5 to 3.9 person-years; P < .01.)
Cause-specific cumulative incidence curves showed that at 5 years after primary infection, the
cumulative incidence of a clade switch was 4.8% (95% CI, 0.0% to 10.1%) and genotype switch was
26.7% (95% CI, 13.3% to 38.1%) (Figure 6). In addition, Cox proportional hazards regression model
showed that patients with HCV-1a during primary infection had a decreased risk for acquiring HCV1a again as secondary infection (hazard ratio, 0.25; 95% CI, 0.07 to 0.93) compared with patients
who had a non-HCV-1a infection as the primary infection (log-rank test, P = .03) (Figure 6).
Discussion
With the large similarity of circulating viruses in an emerging epidemic, it can be difficult to identify
new infections that have the same genotype as the original infection, especially in patients with
persistent viremia or a relapse after treatment. In addition to sequencing the conserved NS5B region
to identify genotype switches, we sequenced a genetically highly diverse fragment of the E2 gene.
The intrahost nucleotide substitution rate of this region was determined using serial samples, and
a threshold was defined for genetic divergence between 2 sequences in a specific time, enabling the
distinction between new infections and intrahost evolution. This allowed us to precisely estimate
the incidence of new infections with the original or different genotype in persistent or cleared acute
HCV infections.
The overall incidence of secondary infections was 5.39 cases per 100 person-years. However, in
patients with cleared infections, the incidence of secondary infections was 14.5 per 100 personyears. A novel and important finding is that, for the most common genotype 1a, the risk of acquiring
genotype 1a infection again was markedly reduced. This suggests that, even in HIV-infected
individuals, partial, genotype-specific immunity is generated from the primary infection.
The high incidence of reinfection after spontaneous or treatment-induced clearance of the primary
infection observed in this study is consistent with the high reinfection rate of 15.2 cases/100 personyears observed in an earlier smaller study about the incidence of reinfection after treatment induced
clearance in HIV-infected MSM with acute HCV from 2 HIV-clinics [17]. The incidence is higher
than observed in a recent study from the United Kingdom [18], which showed a reinfection rate of
8.0/100 person-years in HIV-infected MSM who cleared their primary HCV infection. The higher
estimate in our study might be explained by our extensive sequence analysis, which enabled us to
identify clade switches in patients who relapsed within 24 weeks after the end of treatment. This
resulted in the identification of additional reinfections, whereas such patients were considered not
to have cleared their primary infection and were excluded in the United Kingdom study. In addition,
the smaller testing interval in our study might have resulted in the identification of reinfections that
would have been missed otherwise [28].
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A previous study reported a nonsignificant trend toward a lower incidence of reinfection in patients
with spontaneous than treatment-induced clearance [18]. Our study population included only
5 spontaneous clearers in untreated patients, and 3 of them became reinfected, suggesting that
spontaneous clearance of a previous infection does not reduce the risk of reinfection.
In the present study, the replacement of the primary virus by other viruses in persistently infected
patients was investigated. We cannot prove that such replacements were superinfections because they
could have been caused by dynamic changes in dominance when different viral strains were present
at the same time. However, we believe that the newly identified viruses were true superinfections
because of the overall high incidence of new infections [29]. However, another possibility is that
such superinfections may have been reinfections in which aviremic times were missed; the likelihood
of this scenario is small because of the small RNA testing interval in this study. Nevertheless, the
incidence of such superinfections was low (1.6 cases per 100 person-years). There are several possible
explanations for a lower incidence of superinfection in persistently infected patients compared with
the incidence of reinfection in patients with cleared infection. Patients who were aware of their
chronic HCV infection may have been less likely to engage in high-risk sexual behavior. In addition,
in the HCV cell culture system, superinfection is excluded at a post-entry step [29,30]. Furthermore,
cross-neutralizing antibodies are present in most patients during the chronic phase of infection [31].
These circulating antibodies may immediately neutralize any new virus, before a new infection can
be established.
The present study showed a markedly reduced incidence of new infections with the original genotype
compared with new infections with a different genotype. It is unknown whether the incidence of
such new infections is truly reduced or whether these infections are cleared more rapidly and may
be missed because of our testing interval of 2.2 months. Reinfections are characterized by lower
viral load and a shorter duration of viremia, suggesting the existence of acquired immunity [15,32].
However, our study suggests that there is a strong genotype-specific component to this acquired
immunity, resulting in partial protection against the genotype present in the primary infection.
Further study may show whether such genotype-specific immunity is caused by B, T, or NK cells
[33]. For vaccine development, this suggests that a strategy directed at generating genotype-specific
responses may be more successful than pursuing a pangenotype vaccine for a variable virus such as
HCV. Other studies are needed to confirm our findings because the ongoing epidemic in Amsterdam
may convey immunity only against locally circulating variants of the same genotype, with saturation
of infection with these variants in the population at risk.
In conclusion, the present study confirmed the high rate of HCV reinfection after primary infection
in HIV-positive MSM, highlighting the need for public health interventions in this high-risk group.
In addition, this study demonstrated that observational cohort studies with frequent sampling of
individuals with acute HCV infection are important to better understand the correlates of immunity
against HCV [34]. Such studies may contribute to the development of a protective vaccine, which
may be the most effective public health intervention.
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Abstract
Hepatis C Virus (HCV) treatment to people who inject drugs (PWID) is controversial as successful
treatment risks being followed by new infection. Reinfection after sustained virologic response
has been reported, but is the risk so great that treatment should be withheld from this large HCV
population? Preliminary evidence suggests that the reinfection incidence is low, but studies to date
have been limited by small sample size and few cases of reinfection. In this review, we assess data
from studies among PWID of HCV reinfection following treatment to give a reasonable estimate
on how frequent reinfection appears and try to characterize those most at risk. The observation
that spontaneous clearance of HCV reinfection following treatment occurs is suggestive of a partial
protective immunity against persistent infection.
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Incidence of HCV reinfection following sustained virologic response
Over the past years, several case reports and studies have addressed the occurrence of HCV
reinfections following treatment-induced clearance, both in PWID and men who have sex with
men (MSM) populations [8-16]. In table 1 the details of 7 of such studies are presented. All studies
had a prospective design and were performed in Germany [8], Norway [11], USA [10], Canada [13],
The Netherlands [12] and Australia [9,14]. Sample size varied between 9 and 88 persons and data
on injecting drug use pre-treatment and during treatment was available in 3 out of 7 studies. In one
study reinfection was defined as HCV recurrence in at least 2 consecutive tests after achieving SVR,
in the remaining only one positive test was required to define a reinfection. To confirm reinfection,
6 out of 7 studies performed genotyping and 3 studies performed sequence analysis to discriminate
between relapse and reinfection. In all studies, at least one case of reinfection was detected which
lead to a total of 17 reinfections. Among 6 studies providing data on person years (PY) of follow-up,
the reinfection rate varied from 0.8 - 4.7 per 100 PY. When stratified to populations with ongoing
risk behavior, the incidence rate varied from 2.50 - 28.57 per 100 PY.
Recently, Espinall et al. [17] performed a meta-analysis on 5 out of the 7 aforementioned studies on
the incidence of reinfection after successful treatment. The pooled estimate of reinfection among
all study participants was 2.36 (95% confidence interval (CI) 0.91-6.12) per 100 PY, when the
analysis was stratified to those who reported injecting drug use post-treatment, the pooled estimate
of HCV reinfection was 6.44 (95% CI 2.49-16.69) per 100 PY. In comparison, the incidence of
new HCV infection outside the setting of treatment has been found to be per 6.1-27.2 per 100
PY [18]. Thus, the data suggest a relatively low risk of reinfection following successful treatment.
However, when comparing the new and reinfection incidence rates of HCV, a few factors should be
taken into account. First, risk of reinfection may vary depending on the local background epidemic
among the PWID population of HCV. For example, in Vancouver the risk of reinfection after HCV
treatment was found to be 3.2 cases per 100 PY [13] while in the same city the incidence of first
HCV infections was 7.3 cases per 100 PY [19]. In Amsterdam the risk of reinfection after HCV
treatment was 0.76 cases per 100 PY, with a local background incidence of first HCV infections of
0.35 cases per 100 years. Therefore, in communities with a higher local background HCV epidemic,
treated PWID are likely to have a higher risk of reinfection. In addition, injecting behavior after
treatment, as well as the implementation of a needle exchange program both influence the risk of
reinfection among PWID.
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Introduction
People who injected drugs (PWID) are at great risk of Hepatitis C Virus (HCV) infection. The
infection can be treated and sustained virologic response (SVR) rates vary between 50-80%
depending on genotype [1,2]. With the arrival of new and shorter treatment regimens with direct
acting antiviral agents (DAA), SVR rates greater than 90% are hoped for. HCV treatment response
rates among PWID has been reported to be comparable with rates in patients with no active drug
use [3-5]. However, treatment of HCV in active drug users is controversial due to concerns on side
effects and risk of reinfection [6,7].
One could speculate that patients who have cleared infection upon treatment, carries a protective
immunity against reinfection, but several groups have reported that reinfections do occur [8-14].
Given the fact that reinfection can occur, is the risk so substantial that treatment should be withheld
from this large HCV population? In this review we give an estimate on how frequently reinfection
occurs and attempt to characterize those most of risk. In addition we will define reinfection in
high-risk settings and point out how multiple testing and viral sequencing can enhance the current
knowledge and clinical decision making on reinfection and viral relapse following HCV treatment
among PWID. The review will also briefly discuss the possibility of some degree of immunological
protection against reinfection with HCV.

Table 1. Overview of studies on HCV reinfection following treatment among people who inject drugs.

Country

Study
design

Genotyping

Sequence
analysis

N

% male

IDU pretreatment
< 6 months

IDU Post
treatment

Follow-up
Median (IQR)

Table 1. Overview of studies on HCV reinfection following treatment among people who inject drugs.
Author,
year of
publication

5.4 (1.1-6.8)

9

3.6 (3.2-6.0)

NA
9

2.0 (0.4-5.0)

61
0

2

Median
Age at
treatment
start
32
66

16

18
30
NA

No
27

19

Yes
No

86

88

Prospective
Yes

44 (mean)

46 (mean)

Germany
Prospective

35

9

a

b

b

2.8 (0.8-5.1)
(mean sd)

Norway

Yes

5

No

NA

33

Yes

73

No

NA

72

Prospective

51

Prospective

57

36

USA

42

NA

No

88

NA

Yes
Yes

a

Prospective

Yes

NA

Australia
Yes

2.5 (1.6-3.7)

Yes

1.2 (0.1-3.0)

Prospective

11

Prospective

NA

The
Netherlands
Australia

Canada

Backmund,
2004
Dalgard,
2002
Currie,
2008
Grebely,
2010
Bate,
2010
Grady,
2011
Grebely,
2012

Number of
reinfections

2

1

5

Person years
Ever-PWID /
PWID who
continue
50.8 /
23.8
125.0 /
40.0
38.0 /
3.5
62.5 /
37.7
NA

5

1

2

1

131.6 /
32.3
108

Reinfection rate
per 100 PY (95%CI)
Ever-PWID/PWID
who continue
3.94 (0.48-14.22)
/8.4 (1.02-30.36)

0.8 (0-5)
/ 2.5 (0-14)
2.63 (0.07-)
28.57 (0.72-159.19)
3.20 (0.39-11.56)
/ 5.30 (0.64-19.16)
NA

0.76 (0.04-3.73)
/3.42 (0.17-16.90)
4.7 (1.9-11.2)
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Abbreviations: CI, confidence interval; IDU, injection drug use; IQR, interquartile range; NA, specific information was not available; Pros, prospective; PWID, people who inject drugs;
Abbreviations:
CI, confidence interval; IDU, injection drug use; IQR, interquartile range; NA, specific information was not available; Pros, prospective; PWID, people who inject drugs; PY, person-years.
PY,
person-years.
a During treatment.
abDuring
Follow-uptreatment.
from end of treatment.
b Follow-up from end of treatment.
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Despite the limited number of cases and the limited number of follow-up years, these data suggest
that the incidence of reinfection after successful HCV treatment is low. No specific group of PWID
can be identified clearly at increased risk of reinfection, although there seems to be a trend favoring
older patients (supplementary figure 1). This is in line with studies showing that older and more
experienced PWID are less likely to share needles than younger drug users [20,21].
Defining reinfection in HCV treatment settings among PWID
It is not always clear whether a reinfection has occurred and from both a clinical and a research
perspective it is necessary to clarify what we mean by reinfection. Reinfection is defined as a case in
which an initial infection is completely resolved prior to a subsequent, infection [22].

2.4

Figure 1. Scenario’s for recurrence of Hepatitis C virus (HCV) RNA after treatment in populations at risk for reinfection with HCV.
Dashed horizontal line represents the detection limit for HCV RNA tests. Mixed infection (panel C and D) can either be a
superinfection or a coinfection. SVR: sustained virologic response.

This can be either a reinfection with different genotype/subtype compared to the initial infection,
or with the same subtype, but different strain. Classically, viral relapse following an and of treatment
(EOT) response - as indicated by the absence of HCV RNA in serum- is defined as the recurrence
of HCV viremia within 24 weeks of therapy cessation. However, among HCV infected individuals
in high-risk environments several considerations need to be taken into account by clinicians when
diagnosing viral relapse or even late relapse (recurrence of HCV RNA after SVR, with HCV RNA
negative at EOT through SVR) based on HCV recurrence.
Two studies among MSM and two among PWID, have shown that HCV reinfections can occur
after EOT but before the SVR determining time point, six months later [9,14,15,23]. These studies
highlight the clinical need to discriminate between a relapse and reinfection (figure 1, A and B).
Further complicating the picture, in individuals with high-risk behavior and frequent exposure to
HCV, multiple viral strains can be detected at a single time point. This referred to as a mixed infection.
Two types of mixed infections can be distinguished, namely coinfection and superinfection [22].
Coinfection can be defined as a simultaneous acquisition of two or more HCV viral strains.
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Superinfection occurs in individuals with chronic HCV infection, who after re-exposure to HCV
present with a new and different HCV viral strain(s). Taking a superinfection or coinfection into
account, theoretically a patient may be successfully treated for virus 1 (e.g. genotype 2b) but not
for virus 2 (e.g. genotype 1a) (figure 1, C and D). HCV coinfection and superinfection have been
documented in individuals with ongoing risk behavior, with the phenomena being detected in 2% to
10% and 16 to 37%, respectively [14,24,25]. However these estimates are likely underestimations due
to infrequent test intervals and technical limitations. One clinical trial investigated the presence of
mixed infections before during and after treatment [14]. In one patient, with a lack of viral clearance
at week 12, a mixed infection was documented during treatment without compromising SVR. Two
additional cases with mixed infection pretreatment were reported (both genotype 1a and genotype
3a). One of these cases achieved SVR, but became reinfected with a different genotype 1a and similar
genotype 3a strain. The other failed to clear the genotype 1a upon treatment, however genotype 3a
became undetectable. The clinical consequences of these mixed infections on progression to liver
disease or reduced response to treatment have not been investigated. The distinction between (late)
relapse, reinfection and untreated virus in mixed infection has important clinical consequences and
should therefore always be considered in patients with ongoing risk behavior.
Viral sequence analysis for diagnosing reinfections or mixed infections
The most straightforward indication of a reinfection is the detection of HCV viremia in someone
who previously cleared the virus, either treatment induced or spontaneously. However, in cases
with a (late) relapse following treatment or rebound following primary infection it may be unclear
whether the recurrent viremia is caused by the primary infection or a new viral strain. No clear ‘cutoff ’ has been defined for the duration of the HCV RNA negative interval followed by recurrent
viremia which unambiguously indicates reinfection, although an interval of 60 days has been used
[26]. However, with the arrival of DAA, late relapses occurring as late as one year after EOT have
been documented [27]. Therefore, whenever HCV reinfection is suspected, which is the case for
PWID with continuing risk behavior, or more specifically, when treatment outcome needs to be
assessed in cases with a suspected relapse after EOT, sequencing is necessary to distinguish true
relapse from reinfection.
For this purpose, different regions of the viral genome can be used, although given the high
variability of HCV, universal assays targeting all genotypes with a single set of primers are not easily
designed. However, Murphy et al [28] designed and extensively validated a PCR/sequencing assay
that targets a 340 base pair fragment of NS5B, the gene that encodes the viral polymerase. This
assay has been shown to result in good quality sequences, using a single primer set for all genotypes
(except genotype 6, where an additional primer set is used), which allows for a correct identification
of viral genotype and subtype. This genotyping assay, or any other reliable genotyping assay based
on viral sequencing, can also be used to investigate the possibility of reinfection, as clearly, the
presence of another genotype or subtype suggests a new or ‘different’ HCV infection. Another
similar and often used genotyping assay, which targets the core/E1 region is described by Corbet et
al. [29], which involves two consecutive rounds of amplification in a nested protocol.
Sequences derived from these genotyping assays may also be used to identify the presence of new
variants from the same viral subtype. Supplementary figure 2 A shows pre-and post-treatment
NS5B sequences of PWID, demonstrating that relapsers were indeed true relapsers, as indicated by
the clustering of sequences per patient. In this patient population, this NS5B region has sufficient
phylogenetic signal for discriminating reinfection with the same subtype from relapse after cessation
of treatment. Nevertheless, in a recent outbreak setting, as is the case for the epidemic of HCV
in HIV positive MSMs, genetic diversity may be limited with a few, often highly similar clades
circulating in that specific population. This is illustrated in supplementary figure 2 B, where NS5B
sequences from different patients, are in some cases, 100 percent identical, demonstrating that in
this particular setting, the phylogenetic signal is insufficient to discriminate reinfection from relapse.
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Spontaneous clearance of reinfection after treatment induced clearance of the primary infection
We have shown that reinfection does occur after successful HCV treatment, however spontaneous
clearance of such reinfections may also occur. Here we report 4 cases that spontaneously resolved
their reinfection after successful treatment of the primary infection [12-14] (supplementary table
1). All cases were male and were of young age, except case 2 who was 56 years old. All cases had
received PEG-IFN/RBV. Reinfection occurred in 3 out of 4 cases within a year after EOT. The
estimated duration of primary HCV before treatment infection was given in 2 cases and was about
6 months. The reinfection after treatment was with a different genotype in two cases. Case 2 had
a reinfection with the same viral subtype as present during the primary infection. This patient
reported a needle-stick injury with a syringe from his HCV genotype 1a positive partner [12]. Case
4 had a brief HCV recurrence at 7 weeks post SVR which could not be typed. Reinfection after
successful treatment does not necessarily lead to new chronic infection, thus repeated testing should
be performed in these cases.
Protective immunity after treatment induced clearance of the primary infection
Support for developing an HCV vaccine might be found in studies documenting that among patients
who spontaneously clears a primary infection, duration and level of viremia following a secondary
infection is reduced compared to the primary [26]. It is unknown whether the same increased
control of HCV is present following treatment induced clearance. Longitudinal studies on longterm outcome of HCV treatment among PWID in high-risk settings will provide valuable insight in
HCV specific immunity which protects against reinfection following treatment induced clearance.
Collectively, the data we summarized here suggest that some degree of immunity against persistent
reinfection is present. The low incidence of reinfection after treatment is in agreement with
epidemiological studies on reinfection following spontaneous clearance [30,31], but comparable
or even higher rates of reinfection compared to incident cases have been reported [24,26,32,33].
However, these conflicting results are likely caused by differences in frequency of test intervals,
age, risk behavior, and a lack of viral sequencing [34]. In primary HCV infection, broadly directed
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In such epidemic settings, where similar viruses are circulating, it may be necessary to sequence a
fragment of the virus envelop that contains a more variable part of the viral genome such as the
hypervariable region 1 (HVR1). This part of E2, a gene encoding one of the envelope proteins, is
the region with the greatest genetic variability (supplementary Figure 2 C), allowing discrimination
of homologous strains, with an intra-host diversifying virus, from heterologous strains from the
same viral subtype.
As described above, 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. To date, very few studies have systematically address
mixed infection. Two studies, using subtype specific PCR and sequencing, demonstrated that indeed
mixed infections occur frequently in PWID [14,25]. However, frequencies of mixed infections may
be underestimated, as mixed infections with the same subtype, with one variant present at low
frequency, cannot be detected by such subtype specific assays. Instead, cloning and sequencing of
a large number of clones, which involves labor-intensive laboratory work, is necessary to detect
minor variants present at low frequency. Therefore, preferably, next-generation sequencing (NGS)
techniques should be used, which are able to generate thousands of single variant sequences in one
sample. To the best of our knowledge, NGS has not been used to study the presence of mixed
infections.
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HCV-specific CD4+ T cell responses are generated during the acute phase, but rapid exhaustion
(within 5 months) of these cells is associated with persistent infection [35]. This study by Schulze
zur Wiesch et al. also shows that early HCV treatment in the acute phase can lead to recovery of
CD4 T cell responses in contrast to treatment in cases which have become chronically infected. The
restoration of HCV specific CD4+ T cell responses (and CD8+ T cell) during HCV treatment in
the acute phase has been confirmed [36,37], but this functional HCV specific T cell response is not
always complete [35,37]. Although these results suggest a potential immunological benefit of early
treatment, it remains to be investigated whether successful treatment initiated during the acute or
chronic phase leads to different outcomes upon HCV re-exposure.
Albeit that numbers are small, it is tempting to state that the rate of spontaneous clearance of
HCV reinfection seems comparable to clearance after first exposure in HCV treatment naive cases.
However, it is important to note that these 4 individuals previously failed to control HCV, and the
estimated duration of the primary infection in these cases is likely longer than 5 months. Therefore,
the possibility of spontaneous clearance through a restored HCV specific adaptive immunity seems
less plausible. In addition to an adaptive immune response, other host factors such as interleukin
28 B genotype [38], female sex [39] are associated with spontaneous clearance of primary infection
and treatment induced clearance. Therefore it is surprising that individuals can resolve a reinfection
even though they failed to spontaneously resolve their initial infection. Given the scarcity of data,
further insight in this topic is needed to draw firm conclusions on protective immunity following
treatment induced clearance of HCV.
Conclusion
Reinfection after successful HCV treatment can occur. However, the rate of HCV reinfection is
low even among those who continue injecting drug use during and after treatment. In high-risk
populations frequent testing and viral sequencing are necessary to discriminate between relapse
and reinfection. HCV reinfection after treatment may be cleared spontaneously. Education and
counseling about the risk of reinfection should be continued among PWID following successful
treatment for HCV as ongoing injecting drug use following treatment appears to be quite common.
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HIV

3a
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1a

3a

Initial
infection

28
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duration of
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infection
(weeks)
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31

56

32

Age at
tx start
(yrs)

PEG IFN/RBV

PEG IFN/RBV

PEG IFN/RBV

PEG IFN/RBV
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Tx= Treatment regimen *Needlestick injury with needle from partner with HCV genotype 1a infection .
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3

Author,
year of
publication

Case

7

-5

19
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First HCV
recurrence
post SVR
(weeks)

3.2

4.6

< 2.79

NA

Peak
Viral load
(log10
IU/mL)

14

53

NA

65

Peak
ALT
(U/mL)

unknown

1a

1a*

1a

Reinfection
genotype

Yes, sequence
analysis
Unable to type

Unable to type

Yes, genotyping

Reinfection
confirmed

Supplementary table 1. Cases on spontaneous clearance of HCV reinfection following treatment induced clearance.
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Supplementary figure 1. Correlation of median age at initiation of Hepatitis C virus (HCV) treatment and rate of
reinfection after treatment. The size of the symbols is proportional to the size of the study it represents. PY:
person years; Tx: HCV treatment; yrs: years

Supplementary figure 2 (right). Maximum Likelihood phylogenetic trees using a General Time Reversible model
as implemented in Mega [1]. Panel A: 340 bp NS5B sequences from people who inject drugs, before and after
treatment in relapsers, data adapted from Grady et al [2]. Clustering of sequences derived from each patient is
clearly supported by high bootstrap values. Panel B: the same NS5B fragment as in a panel A, derived from HIV
positive MSM with acute HCV. The first positive time point and a follow up time point with a maximum interval of
two years was selected. The filled circles/squares indicate pre- and post treatment samples. Although clustering per
patient also occurs, many identical sequences are also present, demonstrating that the same NS5B fragment cannot
be used to identify a new or different infection in this young epidemic with highly similar viruses. Panel C: E2/HVR1
sequences from the same samples as in panel B, demonstrating the increased resolution of this genomic segment.
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Abstract
Background and Objectives: Hepatitis C virus (HCV) RNA level in acute HCV infection is predictive
of spontaneous clearance. This study assessed factors associated with HCV RNA levels during early
acute infection among people who inject drugs with well-defined acute HCV infection.
Study design: Data were from International Collaboration of Incident HIV and Hepatitis C in
Injecting Cohorts (InC3) Study, an international collaboration of nine prospective cohorts studying
acute HCV infection. Individuals with available HCV RNA levels during early acute infection (first
two months following infection) were included. The distribution of HCV RNA levels during early
acute infection were compared by selected host and virological factors.
Results: A total of 195 individuals were included. Median HCV RNA levels were significantly higher
among individuals with interferon lambda 3 (IFNL3, formerly called IL28B) CC genotype compared to
those with TT/CT genotype (6.28 vs. 5.39 log IU/mL, respectively; P=0.01). IFNL3 CC genotype
was also associated with top tertile HCV RNA levels (≥6.3 IU/mL; vs. TT/CT genotype; adjusted
Odds Ratio: 4.28; 95%CI: 2.01, 9.10; P<0.01).
Conclusions: This study indicates that IFNL3 CC genotype predicts higher HCV RNA levels in
early acute HCV infection.

76

Study design
Study population
The International Collaboration of Incident HIV and Hepatitis C in Injecting Cohorts (InC3) Study,
is a collaboration of pooled data from nine prospective international cohorts prominently following
PWID, consisting of a large number of well characterized participants with acute HCV infection
and longitudinal follow-up [6]. All cohorts follow participants at regular intervals using standardized
methods.
Documented acute HCV is defined as either: 1) HCV seroconversion with an HCV antibody (antiHCV) or HCV RNA positive test within two years of the anti-HCV negative test; or 2) evidence of
symptomatic HCV infection (defined by a positive anti-HCV/HCV RNA test, jaundice or alanine
transaminase (ALT) elevation >400 IU/L, and detection of HCV RNA or history of high-risk
exposure within three months of clinical manifestation of acute HCV).
HCV RNA levels in early acute infection were assessed among InC3 participants with available HCV
RNA tests during the first two months following infection. This period was chosen on the basis of
our initial analysis [7,8] and also the other data [4] demonstrating that this is the period where peak
HCV RNA levels are observed during acute infection. From the total InC3 participants with acute
HCV infection (n=812), individuals with unavailable HCV RNA tests during the first two months
following infection were excluded (n=603). Individuals with undetectable HCV RNA during the
first two months with repeated undetectable tests during follow-up were defined as having early
spontaneous clearance and also excluded (n=14). As such, 195 individuals with available HCV RNA
during the first two months following infection were included in this analysis.
The estimated date of HCV infection was calculated based on a hierarchy using all serological (antiHCV), virological (HCV RNA) and clinical (symptoms and liver function tests) data to arrive at the
most precise estimate of infection date:
a.
Among individuals with HCV RNA positive and anti-HCV negative at acute HCV detection,
date of infection was four weeks prior to HCV RNA detection [9,10].
b.
Among individuals with symptomatic acute HCV, date of infection was six weeks prior to
its onset (jaundice or ALT >400 IU/L) [11].
c.
Among individuals with a negative anti-HCV test followed by either a positive anti-HCV or
HCV RNA test, seroconversion was assumed to occur at the mid-point between the last negative
and the first positive test. HCV seroconversion generally occurs about 30-60 days following infection
[9,10,12]. Date of infection in this group was six weeks prior to estimated seroconversion date if the
77
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Introduction
The dynamics of hepatitis C virus (HCV) RNA levels in acute HCV infection have been characterised
as occurring in three phases: a pre-ramp-up phase with intermittent low-level HCV RNA (from
exposure to initial quantifiable HCV RNA); a ramp-up phase with exponential increase in HCV
RNA levels; and a high-titre viremic plateau phase [1]. Then, acute HCV infection is followed by
spontaneous clearance in around 25% of individuals [2,3] while the remaining 75% progress to
chronic HCV infection.
Higher HCV RNA levels during the first month of acute infection have been shown to be associated
with spontaneous clearance [4]. However, there are limited studies investigating factors associated
with HCV RNA levels during acute infection [4,5], and none evaluating multiple relevant factors
simultaneously. A better understanding of factors associated with HCV RNA levels in early acute
infection has the potential to assist in therapeutic decision making during acute HCV and also
enhance our understanding of HCV immunopathogenesis and biological mechanisms for defining
protective immunity, which is important for vaccine design.
This current study assessed factors associated with HCV RNA levels in early acute infection (first
two months following infection) among people who inject drugs (PWID) in a large population with
well-defined acute HCV infection.
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first positive test was anti-HCV test and four weeks prior to estimated seroconversion date if the
first positive test was only HCV RNA test.
Laboratory testing
Choice of qualitative and quantitative HCV RNA testing varied by cohort but was consistent at each
site. Qualitative HCV RNA testing was performed using the following assays: Versant TMA [Bayer,
Australia;<10 IU/ml], COBAS AmpliPrep/COBAS TaqMan (Roche, Branchburg, NJ, USA;<15
IU/ml), COBAS AMPLICOR HCV Test v2.0 (Roche Diagnostics, Mannheim, Germany; <50 IU/
ml) or discriminatory HCV transcription-mediated amplification component of the Procleix HIV1/HCV (Gen-Probe, San Diego, CA, USA; <12 copies/mL). Quantitative HCV RNA testing was
performed using the Versant HCV RNA 3.0 (Bayer, Australia;<615 IU/ml), COBAS AMPLICOR
HCV MONITOR 2.0 (Roche Diagnostics, Mannheim, Germany; <600 IU/ml), COBAS AmpliPrep/
COBAS TaqMan (Roche, Branchburg, NJ, USA;<15 IU/ml) or an in-house PCR (<1000 IU/
ml) [13,14]. HCV genotype was determined by line-probe assay (Versant LiPa1/LiPa2, Bayer,
Australia) or HCV sequencing at acute HCV detection. Among those with undetectable HCV RNA
(no genotype) and available samples, Murex HCV serotyping was performed to determine HCV
genotype (Murex Biotech Limited, Dartford, UK). Interferon lambda 3 (IFNL3) genotyping (formerly
called interleukin 28 B [IL-28B]) was determined by sequencing of the rs12979860 single nucleotide
polymorphism, as previously described in[2,15-17].
Study outcomes and statistical analyses
The study outcome was HCV RNA levels during the first two months following infection (early
acute infection). Nonparametric statistical tests were used for analyses, given that HCV RNA levels
(IU/mL) and log10 transformation of HCV RNA levels (log IU/mL) were not normally distributed.
The top tertile HCV RNA levels (≥6.3 log IU/mL) was defined as a high HCV RNA level.
Previous data indicated that spontaneous clearance is associated with higher HCV RNA levels in
early acute infection [4]. Therefore, factors hypothesized to be associated with HCV RNA levels
were determined a priori based on the factors shown to be associated with spontaneous clearance,
including age [18], sex [2,3,17,19], ethnicity [20] , IFNL3 genotype (SNP rs12979860; CC vs. CT/
TT) [2,15,16,21], HIV co-infection [20], and HCV genotype [2,22].
Median HCV RNA levels were compared between groups using the Wilcoxon-Mann-Whitney (or
Kruskal Wallis) test. Logistic regression models were also used to assess factors associated with high
HCV RNA levels (≥6.3 log IU/mL). In multivariate regression analysis, initial models were adjusted
for sex, IFNL3 genotype, and HCV genotype a priori given our data showed independent association
between these variables and spontaneous clearance [2]. To account for potential unmeasured
confounders introduced by cohort sites, multivariate regression analysis was performed using mixed
modelling, with a random intercept for cohort site. Statistically significant differences were assessed
at P<0.05 (P-values are two-sided). All analyses were performed using Stata v12.0 (College Station,
TX, United States).
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Results
One hundred and ninety-five individuals were included in the analysis. The median age was 24 years,
36% were female, 79% were Caucasian, and 3% were HIV co-infected (Table 1). Among those with
data on infecting HCV genotype (n=172; 88%), 59% had genotype 1. Among those with data on
IFNL3 genotype (n=161; 83%), 48% were IFNL3 CC genotype. One hundred and fifty individuals
(77%) were anti-HCV negative/HCV RNA positive at acute HCV detection.
Median
HCV
RNA levels during
early acutewith
infection
was 5.64
logRNA
IU/mL
(Inter-quartile
Table 1.
Characteristics
of participants
available
HCV
levels
during therange
first
two months following infection in the InC3 Study.
Table 1. Characteristics of participants with available HCV RNA levels during during the first two months following infection in the
InC3 Study
Number (%)
Total n=195

After Acute Study of Hepatitis; HEPCO: St. Luc Cohort, HEPCO; HITS-c: Hepatitis C Incidence and
Transmission Study-Community; HITS-p: Hepatitis C Incidence and Transmission Study-Prison; N2:
Networks 2; UFO: UFO STUDY; IQR: Inter-quartile range
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Site
ACS (the Netherlands)
21 (11)
ATAHC (Australia)
5 (3)
BAHSTION (United States)
9 (5)
BBAASH (United States)
72 (37)
HEPCO (Canada)
4 (2)
HITS-c (Australia)
2 (1)
HITS-p (Australia)
23 (12)
N2 (Australia)
0 (0)
UFO (United States)
59 (30)
Median age at the time of HCV infection, years (IQR)
24 (21, 28)
Sex
Female
64 (36)
Male
122 (63)
Unknown
1 (1)
Ethnicity
Caucasian
155 (79)
Black
12 (6)
Indigenous
7 (4)
Other
17 (9)
Unknown
4 (2)
History of injecting drug use
195 (100)
Symptomatic HCV infection
No
9 (5)
Yes
15 (8)
Unknown
171 (88)
IFNL3 genotype (rs12979860)
TT
16 (8)
CT
67 (34)
CC
78 (40)
Unknown
34 (17)
HIV infection at the time of HCV infection
No
182 (93)
Yes
6 (3)
Unknown
7 (4)
HCV genotype
Genotype 1
102 (52)
Genotype 2
15 (8)
Genotype 3
49 (25)
Genotype 4
2 (1)
Mixed genotype
4 (2)
Unknown
23 (12)
ACS: Amsterdam Cohort Studies; ATAHC: Australian Trial in Acute Hepatitis C; BAHSTION: Boston Acute HCV Study:
Transmission, Immunity and Outcomes Network; BBAASH: Baltimore Before and After Acute Study of Hepatitis; HEPCO: St. Luc
ACS: Amsterdam
Cohort
Studies;
ATAHC:
Australian
Trial in AcuteHITS-p:
Hepatitis
C; CBAHSTION:
Cohort,
HEPCO; HITS-c:
Hepatitis
C Incidence
and Transmission
Study-Community;
Hepatitis
Incidence and Boston
Transmission
N2: Networks 2;Immunity
UFO: UFO and
STUDY;
IQR: Inter-quartile
range
Acute HCVStudy-Prison;
Study: Transmission,
Outcomes
Network;
BBAASH: Baltimore Before and
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[IQR]: 3.97, 6.70). Significantly higher median HCV RNA levels were observed among individuals
with IFNL3 CC genotype compared to those with TT/CT genotype (6.28 vs. 5.39 log IU/mL,
respectively; P=0.01). There was no significant difference in median HCV RNA levels by age, sex,
ethnicity, HIV co-infection and HCV genotype (Table 2 and Figure 1).
In unadjusted logistic regression analysis (Table 3), IFNL3 CC genotype was the only factor
significantly associated with high HCV RNA levels (≥6.3 log IU/mL). In a logistic regression
model adjusting for sex, IFNL3 genotype, HCV genotype, and the cohort sites (Table 3), IFNL3
CC genotype remained independently associated with high HCV RNA levels (adjusted odds ratio:
4.28; 95%CI: 2.01, 9.10). Interactions between covariates were not statistically significant on the
multiplicative scale.

Figure 1. Distribution of HCV RNA levels during the first two months following infection in participants with acute HCV infection in
the InC3 study, stratified by (A) IFNL3 genotype, (B) sex, and (C) HCV genotype. Horizontal lines represent the medians HCV RNA
levels in each subgroup.
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Table 2. Median HCV RNA levels during the first two months following infection by
selected demographic and virologic variables in participants with acute HCV infection
in the InC3 study.

Table 2. Median HCV RNA levels during the first two months following infection by selected demographic and virologic variables
in participants with acute HCV infection in the InC3 study.
Number
Total n=195

*

Median HCV RNA levels (IQR)

Age
<30 years
135
5.65 (4.32, 6.76)
30-39 years
23
4.55 (1.70, 6.75)
>40 years
8
5.68 (5.07, 6.20)
Sex
Female
72
5.52 (3.93, 6.70)
Male
122
5.67 (4.07, 6.66)
Ethnicity
Caucasian
155
5.72 (3.97, 6.75)
Black
12
5.54 (5.10, 6.17)
Indigenous
7
5.74 (4.43, 5.83)
Other
17
4.81 (2.69, 6.04)
IFNL3 genotype
TT/CT
83
5.39 (4.46, 6.02)
CC
78
6.28 (3.45, 7.28)
HIV status
Negative
182
5.59 (3.97, 6.65)
Positive
6
5.14 (3.17, 6.75)
HCV genotype
Genotype 1
102
5.67 (4.74, 6.70)
Genotype 2
15
6.46 (3.82, 7.33)
Genotype 3
49
5.36 (4.45, 6.39)
†
Other
6
5.68 (1.70, 5.93)
IQR: Inter-quartile range
* log IU/mL
IQR:
Inter-quartile
range
† Included
genotype 4 (n=2),
and mixed genotype (n=4).

P
0.31

0.69
0.38

0.01
0.85

3.1

0.50

* log IU/mL
† Included genotype 4 (n=2), and mixed genotype (n=4).

Table 3. Logistic regression models assessing factors associated with HCV RNA levels
≥6.3 IU/mL (top tertile) during the first two months following infection in participants with
Table
3. Logistic
models
assessing
associated with HCV RNA levels ≥6.3 IU/mL (top tertile) during the first two
study.
acute
HCVregression
infection
in the
InC3factors
months following infection in participants with acute HCV infection in the InC3 study
HCV RNA levels
≥6.3 IU/mL n (%)

Unadjusted model
OR (95%CI)

P

P overall
0.75

Adjusted model
AOR (95%CI)

Age
<30 years
48 (36)
1.00
30-39 years
7 (30)
0.79 (0.30, 2.06)
0.63
>40 years
2 (25)
0.60 (0.12, 3.11)
0.55
Sex
Female
23 (32)
1.00
1.00
Male
42 (34)
1.12 (0.60, 2.08)
0.72
1.15 (0.53, 2.47)
Ethnicity
0.58
Indigenous
1 (14)
1.00
Caucasian
59 (38)
3.69 (0.43, 31.39)
0.23
Black
2 (17)
1.20 (0.09, 16.23)
0.89
Other
3 (18)
1.28 (0.11, 15.00)
0.84
IFNL3 genotype
TT/CT
17 (20)
1.00
1.00
CC
39 (50)
3.88 (1.94. 7.77)
<0.01
4.28 (2.01, 9.10)
HIV status
Negative
58 (32)
1.00
Positive
3 (50)
2.14 (0.42, 10.92)
0.36
HCV genotype
0.26
Genotype 3
14 (29)
1.00
1.00
Genotype 1
35 (34)
1.30 (0.62, 2.74)
0.48
1.20 (0.51, 2.81)
Genotype 2
8 (53)
2.86 (0.87, 9.38)
0.08
2.15 (0.49, 9.36)
Other
1 (17)
0.50 (0.05, 4.67)
0.54
0.46 (0.04, 5.05)
OR: Odds Ratio; CI: Confidence Interval; AOR: Adjusted Odds Ratio
* OR:
Includes
149 participants
in the
model. The model
was adjusted
site using aOdds
randomRatio
intercept model
Odds
Ratio; CI:
Confidence
Interval;
AOR:for
Adjusted

*

P

0.72

<0.01

0.69
0.31
0.52

* Includes 149 participants in the model. The model was adjusted for site using a random
81
intercept model
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Discussion
In this current study, IFNL3 CC genotype was associated with higher HCV RNA levels in early
acute infection, which is consistent with previous data [4,5]. The strength of the current study
was that we controlled for a range of factors potentially associated with spontaneous clearance,
and the association between IFNL3 CC genotype and high HCV RNA levels (≥6.3 log IU/mL)
remained strong even after adjustment. Previous studies have also demonstrated that IFNL3 CC
genotype is associated with higher HCV RNA levels in chronic HCV infection [23-25]. Genetic
variation in the IFNL3 gene region is a major host factor associated with both spontaneous and
treatment-induced HCV clearance (reviewed in [26]). The exact mechanism underlying this genetic
association remains to be determined. In one study of acute HCV infection, IFNL3 CC genotype
was associated with higher initial HCV RNA levels, which was correspondingly associated with
a greater likelihood of spontaneous clearance [4]. The authors suggested that high-level HCV
replication could trigger stronger innate immune responses, thereby activating a stronger adaptive
immune response that enhanced eradication of the virus [4]. Further research is needed to better
elucidate the mechanisms behind the relationship between IFNL3 genotype, early HCV RNA levels
and spontaneous clearance.
While the current study is unique given the large sample size and well-defined nature of early
acute HCV infection, there are some limitations. Nine cohorts of individuals with acute HCV
were combined. Participating cohorts bring a range of data types and structures presenting issues
surrounding both inconsistent measurement and biological data testing protocols (e.g. HCV RNA
assays differed across cohorts with different sensitivity, specificity and lower limit of detection).
There were also small numbers for some categorized variables in this study (ethnicity and HIV
status), limiting the statistical power of detecting associations between these variables and HCV
RNA levels.
In conclusion, the current study identified that IFNL3 genotype predicts higher HCV RNA levels
during the first two months following infection. These data provide better understanding of HCV
immunopathogenesis during early acute infection. Further research is needed to understand the
mechanism of IFNL3 genotype on HCV replication.
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Abstract
Background & Aims: Since acute hepatitis C virus (HCV) infection is often asymptomatic, it is
difficult to examine the rate and determinants of spontaneous clearance. Consequently, these studies
are subject to bias, which can potentially lead to biased rates of viral clearance and risk estimates. We
evaluated determinants of spontaneous HCV clearance among HCV seroconverters identified in a
unique community-based cohort.
Methods: Subjects were 106 drug users with documented dates of HCV seroconversion from the
Amsterdam Cohort Study. Logistic regression was used to examine sociodemographic, behavioral,
clinical, viral and host determinants, measured around acute infection, of HCV clearance.
Results: The spontaneous viral clearance rate was 33.0% (95% confidence interval (CI) 24.242.8). In univariate analyses female sex and fever were significantly associated with spontaneous
clearance. The favorable genotypes for rs12979860 (CC) and rs8099917 (TT) were associated
with spontaneous clearance, although borderline significant. In multivariate analysis, females with
the favorable genotype for rs12979860 (CC) had an increased odds to spontaneously clear HCV
infection (adjustedOR 6.62, 95% 2.69-26.13), whereas females with the unfavorable genotype were
as likely as men with the favorable and unfavorable genotype to clear HCV. Chronic Hepatitis B
infection and absence of HIV coinfection around HCV seroconversion also favor HCV clearance.
Conclusions: This study shows that co-infection with HIV and HBV and genetic variation in the
IL28B region play an important role in spontaneous clearance of HCV. Our findings suggest a
possible synergistic interaction between female sex and IL28B in spontaneous clearance of HCV.
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Methods
Ethics statement
The medical ethics committee of the Academic Medical Center (MEC AMC) approved the current
study.
Study population
The ACS among DU is an open, prospective cohort study initiated in 1985 to investigate the
prevalence, incidence, and risk factors of human immunodeficiency virus (HIV) infections and
other blood-borne and/or sexually transmitted diseases, as well as the effects of interventions [27].
All ACS participants provide written informed consent. ACS participants visit the Amsterdam
Health Service every 4-6 months; they complete a standardized questionnaire about their health, risk
behavior, and sociodemographic situation. Questions at ACS entry refer to the 6 months preceding
the visit; questions at follow-up refer to the interim since the preceding visit. Blood is drawn each
visit for laboratory testing and storage.
Screening for HCV, HBV and HIV
To identify HCV seroconverters, we retrospectively tested stored serum from all participants having
at least two visits between December 1985 and November 2005 (n=1276). Individuals who were
anti-HCV negative at ACS entry were tested for antibodies at their most recent ACS visit. On
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Introduction
Hepatitis C virus (HCV) is mainly transmitted through exposure to infected blood [1]. Acute infection
is usually asymptomatic and can lead to chronic infection in an estimated 75% of individuals [2,3].
Chronic HCV infection can in time lead to liver fibrosis and cirrhosis, end-stage liver disease, and
hepatocellular carcinoma [4].
Treatment success rates are higher when individuals are treated during acute HCV than when they
are treated during chronic infection [5-7]. To be able to decide whether early treatment is indicated,
early predictors of spontaneous viral clearance are urgently needed.
The majority of the 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 [8]. Studies among acute HCV cases are less likely to suffer from
methodological flaws. However, the potential to examine the rate and determinants of spontaneous
viral clearance of acute HCV infection is restricted, since acute infection is usually asymptomatic
and therefore rarely recognized. The limited published data indicated that 14-42% of persons with
acute HCV cleared the virus, and that clearance is associated with symptomatic acute HCV, female
sex, non-black race, lower peak HCV-RNA titer, induction of neutralizing antibodies early in HCV
infection, and high and broad HCV-specific CD4+ and CD8+ T-cell responses [7,9-17]. Recently,
several studies demonstrated that genetic variations in the region near the interleukin-28B (IL28B)
are associated with HCV treatment response [18-21]. IL 28B gene encodes interferon (IFN)-λ3,
which is related to IFN-α and IFN-β. Two single nucleotide polymorphisms (SNPs), rs12979860
and rs8099917, located upstream of the IL28B gene have also been associated with spontaneous
clearance [19,22-25]. Although the sample size in some of these studies is not limited, all but one
[24] have been conducted among individuals with prevalent HCV infection [19,22,25] or in a selected
subgroup [23] and lack precise longitudinal data around HCV seroconversion.
Since the prospective Amsterdam Cohort Study (ACS) among drug users (DU) has retrospectively
identified a substantial number of incident HCV infections [26] it provided a unique opportunity to
study the spontaneous HCV clearance rate and its potential sociodemographic, behavioral, clinical,
viral and host determinants (including coinfections), measured before and around acute HCV
infection, in a population that includes asymptomatic acute HCV cases.
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finding seroconversion, we tested samples taken between these two visits to determine the moment
of seroconversion (third generation commercial microparticle EIA system, AxSym HCV version
3.0; Abbott, Wiesbaden, Germany). All HCV seroconverters were included in the present study
(n=59). Also included, were DU who were anti-HCV positive at ACS entry and had started injecting
drug use within 2 years before entry. Since we have shown that approximately 50% of DU acquire
HCV infection within 2 years after starting injecting drug use [26], the latter group most likely
represent recent HCV infections.
To assess hepatitis B status, stored blood samples were retrospectively tested for anti-HBc (AxSym
Core, Abbott, Germany and Hepanostika; Organon Technika, the Netherlands) by the same
algorithm as for HCV. To identify individuals with an active hepatitis B virus (HBV) infection, the
presence of HBV surface antigen (HBsAg) was determined (AxSym HBsAg, Abbott, Germany)
in serum. All ACS participants (n=1,640) were prospectively tested for HIV antibodies by enzyme
linked immunosorbent assays (ELISA) at each visit. Results since 1986 have been confirmed by
Western blot using HIV Blot version 2.2, Genelab diagnostics (Singapore).
Reverse-transcription polymerase chain reaction (RT-PCR) methods
For each seroconverter, HCV RNA was measured at a minimum of 4 time-points when samples
were available: the last visit before HCV seroconversion, i.e., the last anti-HCV negative visit, two
visits shortly after HCV seroconversion and a visit approximately 1 year after HCV seroconversion.
In those who were anti-HCV positive at entry, HCV RNA was measured at, at least, 2 time-points:
at study entry and the consecutive visit(s). All serum samples were tested for the presence of HCV
RNA using an in-house quantitative real-time RT-PCR based on the conserved 5’-UTR, and HCV
genotyping was performed as described by Van de Laar et al. [28].The nucleotide sequence data have
been deposited in the GenBank sequence database under accession numbers JN547478-JN547481
and JN657313 t/m JN657415.
Il28B genotyping
Single nucleotide polymorphism (SNP) genotyping was performed using Allelic Discrimination
assays from Applied Biosystems for the SNPs rs8099917 and rs12979860 following the instructions
of the manufacturer. Genotyping for rs8099917 was performed using predesigned assays (Applied
Biosystems, assay ID “C__11710096_10”).
Genotyping for rs12979860 was performed using Taqman custom-designed primers
and probes as follows: forward primer GCCTGTCGTGTACTGAACCA, reverse
primer GCGCGGAGTGCAATTCAAC, and probes TGGTTCGCGCCTTC (VIC) and
CTGGTTCACGCCTTC (FAM) (Applied Biosystems).
Before performing the PCR reactions DNA is added with Allelic Discrimination Assay Mix and
TaqMan Universal PCR Master Mix to MicroAmp Optical 96-Well Reaction Plates (Applied
Biosystems). Real-Time PCR reactions were performed using the ABI Prism 7900HT system
(Applied Biosystems). After preheating for 10 min. at 95°C, 40 cycles of 15 seconds at 95°C and
one minute at 60°C followed. Data were analyzed using the ABI PRISM SDS software v.2.2.1
(Applied Biosystems).
Statistical analyses and definitions
Date of HCV seroconversion was estimated as the midpoint between the last anti-HCV negative
visit and the first anti-HCV positive visit in HCV seroconverters. In recent HCV cases who started
injection ≤ 2 years prior to enrolment, the date of seroconversion was estimated as the midpoint
between start of injection drug use and entry in ACS. In the group of HCV seroconverters,
spontaneous HCV clearance was defined as 2 consecutive HCV RNA-negative test results, at least
4 months apart, after HCV seroconversion. In the group with recent HCV infection, clearance was
defined as 2 consecutive HCV RNA-negative test results after ACS entry. HCV viral persistence is
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Results
General characteristics
Sufficient follow-up and serum were available to assess outcome of acute HCV infection for 55 out
of 59 HCV seroconverters and for 51 of 58 recent HCV infected DU. The median interval between
last negative and first positive visit was 4.0 months (interquartile range (IQR) 3.7-5.0 months) for
the 55 HCV seroconverters. The median duration of injecting drug use before study entry for DU
with recent HCV infection was 1.12 years (IQR 0.33-1.50 years). Of all 106 participants, 41.5%
were female, and the majority was of west-European ethnicity (84.9%). The median age at HCV
seroconversion was 28.5 years (IQR 24.7-34.2 years). Of 106 participants, 93 (87.7%) reported
recent injecting drug use, of whom 50.5% reported daily injecting and 34.6% reported recent
sharing of needles. None of the 106 participants received HCV treatment in the first two years
following HCV seroconversion.
Of those that were HCV-RNA-positive around HCV seroconversion or ACS entry, 42.5% had
HCV genotype 1, 35.0% had genotype 3, 7.5% had genotype 2, and 7.5% had genotype 4. For the
6 samples in which HCV genotype could not be determined, HCV viral load was <1,000 IU/ml.
The median log viral load (IQR) at the first available visit after seroconversion or ACS entry did
not differ significantly among genotypes (p=0.25, Kruskal-Wallis) being 4.40 (3.38-5.42), 5.73 (4.646.14), 4.36 (3.19-5.30) and 4.69 (3.00-5.66) for genotypes 1, 2, 3, and 4, respectively. Median baseline
alanine aminotransferase (ALT) levels for those who developed cHCV was 31.0 IU/L (IQR 17.3 –
89.5) and 12.0 IU/L (IQR 7.50 – 29.0) for those who spontaneously resolved HCV, p=0.002 [29].
Rate and determinants of spontaneous viral clearance
According to our definition of at least 2 consecutive HCV-RNA negative test results shortly after
HCV seroconversion, the infection was spontaneously cleared in 35 of the 106 DU (33.0%, 95%
CI 24.2-42.8%).
Sociodemographics and behavior
In univariate analysis, women had threefold higher odds of spontaneous viral clearance (see table
1) than men. Of 38 HIV-negative women, 50.0% cleared HCV spontaneously, in contrast to only
25.5% of HIV-negative men. Having a steady partner who injected or did not inject, was also
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defined as the continuous presence of HCV RNA at one or two of these visits.
Logistic regression was used to evaluate the associations between spontaneous clearance of HCV and
sociodemographic variables at the first anti-HCV positive visit: drug use related variables, standard
collected data on clinical symptoms, HCV characteristics at first visit after seroconversion or study
entry, co-infections and IL28B (rs12979860 and rs8099917). Multivariate logistic regression models
were built using backward stepwise techniques. All variables with a p-value ≤ 0.20 in univariate
analysis were considered for entry into the model. Statistical analysis was performed by use of
STATA (version 11.1; StataCorp) and SPSS (version 17.0; SPSS Inc.) software. A p-value ≤ 0.05
was considered to be statistically significant. Interaction and confounding were checked between
the variables in the final models.
Furthermore, using Poisson regression, we examined whether the incidence of each clinical symptom
reported at visits up to 2 years following HCV seroconversion was higher for DU who cleared HCV
after acute infection compared with those who did not. For the HCV seroconverters, we used the
last visit before HCV seroconversion and the first 3 visits following HCV seroconversion for these
analyses. Since DU could contribute more visits and events, Generalized Estimating Equations
(GEE) was used to correct for repeated measurements within subjects.
In a sensitivity analysis, analyses were repeated using only the HCV seroconverters who had a small
seroconversion interval (i.e., no more than 6 months between last anti-HCV negative visit and first
anti-HCV positive visit) (n=36).
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significantly associated with higher odds of HCV clearance compared to not having a steady partner
(twofold and threefold higher odds, respectively).
Clinical symptoms
Of all HCV cases, 36.8% reported at least one of the clinical symptoms (jaundice, severe tiredness,
fever, night-sweating, diarrhea) in the 4-6 months preceding the first anti-HCV positive visit, but
except for fever, none of the examined symptoms were significantly associated with HCV viral
clearance in univariate analysis (table 1). DU who reported fever were more likely to clear HCV
than those who did not (OR 4.00, 95% CI 1.08-14.76). This association was borderline significant
after adjustment for sex (adjusted OR (aOR) 3.80, 95% CI 0.99-14.61). To further evaluate the
association between viral clearance and clinical symptoms that might have occurred around the time
of HCV seroconversion, we determined the incidence rate ratios of clinical symptoms on different
visits shortly before and following HCV seroconversion (see methods section). In line with logistic
regression analysis, the incidence rate of each of symptom did not significantly differ between
those individuals who spontaneously cleared HCV and those individuals who developed chronic
infection, except for fever (data not shown).
Co-infections
At the time of HCV seroconversion (or ACS entry in those already HCV-positive), 13 DU were
HIV-co-infected. In univariate analysis, spontaneous HCV clearance was more likely in HIVnegative individuals than in HIV-positive individuals (OR 3.03, 95% CI 0.63-14.51), although the
difference did not reach statistical significance, P=0.13 (table 2). The effect of HIV co-infection
did not change after adjusting for sex (aOR 3.48, 95% CI 0.70-17.40). CD4 and CD8 T-cell counts
were available for 51 of the 106 HCV seroconverters and only 1 DU had a CD4 count below 350
cells/mL. The median CD4 and CD8 count did not differ between participants who cleared HCV
and those who developed chronic HCV infection 935 (IQR 710-1,180) and 990 (IQR 770-1,180)
CD4+ cells/mL, and 60 (IQR 45-85) and 70 (IQR 40-70) CD8+ cells/mL, respectively). For those
with detectable HCV viral load at the first available sample after ACS entry or HCV seroconversion
and who developed persistent viremia, HCV viral load tended to be lower in women than in men,
but this effect was not statistically significant (median log 3.43 copies/mL (IQR 3.00-4.70) and 4.36
copies/mL (IQR 3.00-5.43), respectively (P=0.14).
Of all patients with acute HCV, 27 had evidence of cleared HBV infection, (i.e., they were antiHBc-positive and HBsAg-negative), and 8 had a chronic HBV infection (i.e., were HBsAg-positive
and anti-HBc-positive). In univariate analysis, those with chronic HBV infection were more likely
to clear HCV spontaneously (OR 6.00, 95% CI 1.12-32.1) than those never exposed (P=0.04).
After adjusting for sex, those with chronic HBV infection were still more likely to clear HCV
spontaneously, although this effect was borderline significant. (aOR 5.00, 95% CI 0.88-28.36),
P=0.07.
Il28 B genotypes and spontaneous viral clearance
Data on both SNPs, rs8099917 and rs12979860, was available for 100/106 participants. Allele
frequencies of both SNPs were comparable to those reported elsewhere in Europe [19,22],
rs8099917 (T=0.84, G=0.16) and rs12979860 (C=0.70, T=0.30). The CC genotype frequency of
rs12979860 were comparable between males (CC=0.55) and females (CC=0.49). For rs8099917
the TT genotype frequency was also comparable for males (TT=0.66) and females (TT=0.74).
Participants with the TT genotype of rs8099917 and the CC genotype of rs12979860 were more
likely to have cleared the virus than those with the GG/TG and TT/CT genotype respectively
(rs8099917 OR 2.36, 95% CI 0.85-6.54, rs12979860 OR 3.55, 95% CI 0.95-5.45), although the
effects were borderline significant (table 2).
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Table 1:
of factors
associated
with HCV
in a cohort
106 individuals
with acute HCV
acquired
through
Table
1. Univariate
Univariateanalysis
analysis
of factors
associated
with clearance
HCV clearance
in aofcohort
of 106 individuals
with infection
acute HCV
infection
injection drug
use. injection drug use.
acquired
through
Age (per 10 year increase)
Sex
Ethnicity
Calendar year of infection

Jaundice
Severe tiredness
Fever
Night-sweating
Diarrhea
Having a steady partner that inject drugs
Injecting drug use in the previous 6 months

N
106
62
44
90
16
43
25
21
17
32
9
65
77
26
92
11
77
26
100
3
66
14
25
13
93
32
73

Clearance rate (%)
33.0
22.6
47.7
31.1
43.8
30.2
44.0
28.6
29.4
31.3
33.3
33.9
35.1
30.8
30.4
63.6
35.1
30.8
34.0
33.3
24.2
42.9
52.0
38.5
32.3
34.4
31.5

OR (95%CI)
0.62 (0.32-1.18)
1
3.13
1
1.72 (0.58-5.09)
1
1.81 (0.65-5.04)
0.92 (0.29-2.91)
0.96 (0.28-3.29)
1
1.10 (0.23-5.31)
1.13 (0.45-2.79)
1
0.82 (0.32-2.14)
1
4.00 (1.08-14.76)
1
0.82 (0.32-2.14)
1
0.97 (0.09-11.09)
1
2.34 (0.71-7.77)
3.39 (1.28-8.89)
1
0.76 (0.23-2.53)
1
0.88 (0.36-2.12)

No
Yes

18
88

38.6
29.0

1
0.74 (0.24-2.28)

p value
0.13
0.007
0.33
0.63

0.97
0.69
0.033
0.69
0.98
0.033
0.66
0.77
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Continuation of injecting drug use after HCV
seroconversion (i.e., injecting drug use at first and
second anti-HCV positive visit)
Alcohol use (any consumption in the previous 6
months)

Male
Female
Western European
Non-Western European
≤1988
1989-1991
1992-1994
≥1995
No
Yes
Unknown
No
Yes
No
Yes
No
Yes
No
Yes
No steady partner
Steady partner who injected drugs now or ever
Steady partner who never injected drugs
No
Yes
No
Yes

0.60

Table 2: Univariate analysis of host genetic factors and viral coinfections associated with HCV clearance in a cohort of 106
individuals with acute HCV acquired through injection drug use.
Table 2. Univariate analysis of host genetic factors and viral coinfections associated with HCV clearance in a cohort of 106
individuals with acute HCV acquired through injection drug use.
HCV genotype

Log HCV viral load
HIV-1
HBV co-infection
rs8099917
rs12979860

1
2
3
4
Untypable (due to low viral load)
≤3
3-4.9
≥4.9
Presence of HIV-1 antibodies
Absence of HIV-1 antibodies
Anti-HBc-negative, HBsAg-negative
Anti-HBc-positive, HBsAg-negative
Anti-HBc-positive, HBsAg-positive
GG/TG
TT
TT/CT
CC

N
34
6
28
6
6
19
26
27
13
93
69
27
8
30
70
48
52

Clearance rate (%)
11.9
0.0
14.3
16.7
50.0
26.3
3.9
11.1
15.4
35.5
33.3
19.2
75.0
20.0
37.1
22.9
40.4

OR (95%CI)
1
1.25 (0.28-5.53)
1.50 (0.14-16.32)
7.15 (1.11-50.66)
8.93 (0.95-84.30)
1
3.13 (0.30-32.20)
1
3.03 (0.63-14.47)
1
0.48 (0.16-1.43)
6.00 (1.12-32.09)
1
2.36 (0.85-6.54)
1
3.55 (0.95-5.45)

p value
0.34

0.12
0.13
0.025
0.084
0.060

HBV, hepatits B virus; HCV, hepatitis C virus; HBc, hepatitis B core; HBsAG, Hepatitis B surface Antigen.
HBV, hepatits B virus; HCV, hepatitis C virus; HBc, hepatitis B core; HBsAG, Hepatitis B surface Antigen;

Figure 1. Distribution of sex for each genotype plotted by spontaneous HCV clearance rate. Genotyping was available for 100/106
participants. Bars represent the total percentage of spontaneous HCV clearance for the protective alleles (TT for rs8099917
and CC for rs12979860) and non-protective alleles (CT/GG for rs8099917 and CT/TT for rs12979860). The numbers in the bars
indicate the percentage of spontaneous HCV clearance for males and females for each allele.
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Since female sex is a strong predictor for spontaneous clearance, we examined the effect of sex
on clearance separately for each Il28B genotype and their alleles (figure 1). Women were 2.3 times
more likely to clear HCV than men with the favorable genotype for rs12979860 (female/male
clearance ratio 2.31 (28.2%/12.2%)). Whereas this ratio for the unfavorable TT/CT genotype was
1.39 (13.5/9.7), suggesting an interaction between sex and rs12979860. This interaction was not
found for rs8099917 (TT 1.72 (23.5%/13.7%), GT/GG 1.89 (13.3%/6.7%)).
Next, we investigated the interaction between sex and each SNP in a logistic regression model. We
found a potential interaction between rs12979860 and sex. Males with the favorable CC genotype had
a somewhat increased odds to spontaneous clear HCV (OR 1.58, 95% CI 0.46–5.44) as compared
to the reference group (males without the favorable CC genotype), although this effect was not
significant. Females without the favorable CC genotype were as likely as men with the favorable
genotype to spontaneously clear HCV (OR 1.58, 95% CI 0.43–6.10). Interestingly, females with
the favorable CC genotype had an increased odds to spontaneous clear HCV of OR 7.20 (95% CI
1.87-27.75) as compared to the reference group, overall P=0.015.
Table 3: Multivariate analysis of factors associated with HCV clearance in a cohort of
Table
Multivariate analysis
factors associated
with HCV clearance
in a through
cohort of 106injection
individuals with
acute
HCV infection
106 3.individuals
withofacute
HCV infection
acquired
drug
use.
acquired through injection drug use.

Sex*rs12979860

Fever

Male, TT/CT
Male, CC
Female, TT/CT
Female, CC
No
Yes

OR
1
1.34
1.14
6.62
1
5.03

95% CI
0.37 – 4.85
0.28 – 4.76
2.69 – 26.13
1.24 – 20.33

p value
0.021

0.023

Multivariate analysis
Because of the interaction of rs12979860 and sex we used the combined variable in our final
multivariate analyses. Females with CC genotype for rs12979860 had increased odds to spontaneously
clear HCV infection (aOR 6.62, 95% CI 2.69–26.13) when compared to males without the favorable
genotype (table 3). Males with the favorable genotype and females without the unfavorable genotype
had comparable risks as men with the unfavorable genotype to clear the virus. Those who reported
fever in the period preceding the first anti-HCV positive visit were also more likely to spontaneously
clear HCV infection (OR 5.03, 95% CI 1.24–20.33). Further adjustment for HIV and HBV infection
did not substantially change these results. Absence of HIV and presence of a chronic HBV infection
were still borderline associated with viral clearance in this multivariate model, resp. (aOR 6.32, 95%
CI 0.86–46.25) and (aOR 8.72, 95% CI 0.99-76.37).
In a sensitivity analysis including only HCV seroconverters with a seroconversion interval ≤ 6
months (n=36), the results for the interaction rs12979860/sex and fever were comparable to the
results from the multivariate model. The rate of spontaneous clearance was 36.1% (95% CI 20.352.3%). In an additional analysis including only West-Europeans (n=86), females with the favourable
CC genotype for rs12979860 had an increased odd to spontaneously clear their HCV infection
(aOR 5.17, 95% CI 1.21-22.13) as compared to males without the favourable genotype.
Discussion
In this study, the clearance rate and factors influencing spontaneous HCV clearance were assessed
in a prospective cohort of retrospectively identified DU with acute HCV, regardless of their clinical
presentation at the time of acute HCV infection. To our knowledge, this is one the largest longitudinal
studies on factors associated with spontaneous HCV clearance in individuals with drug-use-related
acute HCV infection. The rate of spontaneous HCV clearance was 33.0%. Our main finding is that
women with the favorable genotype for rs12989760 were more likely to clear HCV (OR 6.62, 95%
2.69-26.13), whereas females with the unfavorable genotype were as likely as men with the favorable
and unfavorable genotype to clear HCV.
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The rate of clearance we found is higher than observed in studies among acute clinical cases
(reviewed by Micallef [30]), but may be underestimated in injecting DU. Many injecting DU
experience repeated exposure to HCV and HCV re-infection after their initial HCV seroconversion,
due to continuing risk behavior [29]. Such re-infection after clearance might result in persistent or
recurrent HCV viremia, leading to an underestimation of the clearance rate. However, in this cohort
of DU with acute HCV, we did not find an association between ongoing risk behavior and reduced
rates of viral clearance shortly after the initial HCV infection.
Studies have suggested that individuals presenting with clinical symptoms after exposure to HCV
after needle-stick injury or presenting at an outpatient clinic are more likely to spontaneously resolve
acute HCV infection [7,31]. Self-reported fever was associated with HCV viral clearance in this
cohort of DU, other clinical symptoms were not.
The association between HCV clearance and absence of HIV was borderline. HIV infection has
been associated with loss of viral control of HCV, as evidenced by a higher HCV viral load in HIV
co-infected individuals [32]. Since HCV is more efficiently transmitted by an infected needle stick
than HIV, HCV usually precedes or coincides with HIV infection in DU. Therefore, the number
of participants with HIV at HCV seroconversion was small, limiting the power to detect an effect.
In addition, therefore all HIV co-infected DU in our study retained high CD4 counts at the point
of HCV infection. This might explain why HCV viral load did not significantly differ between coinfected and mono-infected individuals in our study. As in line with our findings that early HIV
infection already lowers the HCV clearance rate. We and others have shown that acute HIV coinfection hampers the beneficial HCV-specific CD4+ T-cell responses targeting non-structural
proteins in DU [33-37].
Interestingly, chronic HBV was borderline significantly associated with HCV clearance in the
multivariate model, while cases were limited. Patients with spontaneous viral clearance of chronic
HCV after HBV-superinfection have been described [38], and cross-sectional studies have shown
that HBsAg-positive HIV-infected HCV-seropositive individuals are more likely to be HCV-RNAnegative than HBsAg-negative HIV-infected individuals [39-41]. Although the effect on liver disease
is unknown, chronic HBV infection seems to favor clearance of acute HCV infection [42]. Further
studies on viral interference including the role of HBV, which may modify HCV replication are
warranted.
Having defined viral clearance as two consecutive HCV-RNA-negative visits after anti-HCV
seroconversion, we defined HCV viral persistence as the continuous presence of HCV RNA at one
or two of these visits, regardless of HCV strain present. Therefore, we did not distinguish between
viral persistence of one strain and reinfection by another. Furthermore, although HCV clearance is
believed to take place within the first 6 months after acute infection, evidence shows that clearance
might take much longer [10,43]. Since we included HCV RNA measurements only in the first 2
years after HCV seroconversion, we recognize that multiple measurements in a longer time span
would be necessary to evaluate possible late clearance and its predictors. In our cohort, after a
median follow-up after HCV seroconversion of 14.6 years (IQR 7.9-19.6), only 5 out of 71 (7.0%)
individuals who did not clear HCV spontaneously within the first 2 years after HCV seroconversion
were HCV RNA-negative at the last study visit, without HCV treatment in the meantime, before
November 2005 or the penultimate visit preceding death, indicating that late clearance might occur,
but is not very frequent (data not shown).
Our main finding is the potential interaction between the favourable genotype of rs12989760
and women in spontaneous clearance of HCV. However, since our study population is relatively
small, this finding needs to be confirmed in larger studies among HCV seroconverters. A possible
interaction between IL28B and sex in HCV fibrosis progression has been described previously
by Falletti et al. [44].This retrospective study among 629 cHCV infected patients investigated the
role of IL28B on the histological outcome of cHCV infection. One of their findings is that males
carrying the favourable C-allele for rs12979860 had a significant increased risk (OR 2.06) for an
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Ishak staging score >2 as compared to females with the favourable C-allele (reference category),
while participants carrying the TT genotype also had an increased risk (OR 2.37) for an Ishak
score>2, irrespective of sex.
The potential interaction between female gender and Il28B might be explained by the involvement
of toll like receptor 7 (TLR7), a receptor that is involved in recognition of viral products (single
stranded RNA) and activation of innate immunity [45]. Stimulation of TLR7 in peripheral blood
mononuclear cells (PBMC) from women results in significantly higher IFN-α responses as compared
to males [46]. The TLR7 activation signal is transduced via MyD88 to the IL-1R-associated kinase
1/4 complex that activates interferon regulatory factor 7 (IRF7). Recently, it has been demonstrated
that IL28B (IFN-λ) is mainly controlled by IRF7 [47]. Interestingly, IFN-λ mediates its antiviral
activity through the activation of JAK-STAT pathways, similar to IFN-α which is still the major
treatment modality for cHCV infection, thereby inducing interferon stimulating genes (ISG) that
suppress viral activity. Marcello et al showed, in vitro, that co treatment with both IFN-α and
IFN-λ enhanced the antiviral activity, suggestive of a synergistic interaction [48]. Whether increased
reactivity upon TLR7 stimulation results in both increased IFN-α and IFN-λ responses needs to be
investigated.
Next to the relatively small sample size, our study is limited by the fact that variables on behaviour
and symptoms are self-reported, including initiation of injecting drug use for those that entered our
cohort as anti-HCV positive cases. We believed that we could minimize this bias by only including
IDU who started injecting within two years before inclusion into the study. In an earlier report, we
have shown that approximately 50% of IDU in the ACS become infected with HCV within two
years after initiating injecting drug use and self-reports are valid [26,49]. In addition, in a sensitivity
analysis including only HCV seroconverters with a small interval between last anti-HCV negative
and first anti-HCV positive test, results were comparable.
In conclusion, women with the favorable CC genotype for rs12979860 have the greatest likelihood
to spontaneously resolve HCV. The decision to start HCV treatment might be postponed in this
group, if not coinfected with HIV. Spontaneous clearance of HCV seems to be primarily driven
by host genetic factors and presence of coinfection. The possible synergistic interaction between
female sex and the favorable genotype warrants confirmation in larger studies and warrants further
study into the immunological and virological mechanisms explaining this finding.
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Abstract
Background: The natural course of serum HCV RNA levels during chronic infection remains
unclear. We investigated HCV RNA levels and factors associated with HCV RNA levels for the
entire course from HCV seroconversion.
Methods: We measured HCV RNA levels of 54 HCV seroconverters from the Amsterdam Cohort
Studies among drug users at yearly intervals up to 23 years using bDNA (VERSANT 3.0, lower limit
of detection 615 IU/mL). Samples below the cut-off of the assay were tested by TMA (Siemens
VERSANT, detection limit 5 IU/ml). We used a latent class linear mixed model (LCLMM) to
examine the HCV RNA patterns and factors associated with HCV RNA levels.
Results: The median follow-up time was 10.8 years (IQR 6.5-14.9). We found two distinct HCV
RNA patterns characterized by 45/54 cases and 9/54 cases. In multivariable analyses, HCV RNA
levels were 0.41 log10 IU/mL (95% confidence interval (CI) 0.06-0.75) higher for males as compared
to females. Individuals with the IL28B CC genotype had 0.40 log10 IU/mL (95% 0.08-0.73) higher
HCV RNA levels than individuals with Il28B CT/TT genotypes. Body-mass index (BMI) was
associated with higher HCV RNA levels, 0.055 (95% CI 0.027-0.083).
Conclusion: In this unique study, which examines the HCV RNA patterns over an extended
period and following seroconversion, male sex, IL28B CC genotype, and BMI were independently
associated with higher average HCV RNA levels. These results contribute to defining the natural
history of HCV infection and could play an important part in clinical decision-making.
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Methods
Study population
The ACS among DU is an open, prospective cohort study initiated in 1985 [21]. Aims are to
investigate the epidemiology, natural history, and pathogenesis of HIV infections and other bloodborne and/or sexually transmitted diseases, as well as the effects of interventions. Enrollment is
voluntary, anonymous, and written informed consent is obtained from each participant at the intake
visit. The medical ethics committee of the Academic Medical Center approved this observational
study. ACS participants visit the Amsterdam Public Health Service every 4-6 months; they complete
a standardized questionnaire about their health, risk behavior, and sociodemographic situation.
Questions at ACS entry refer to the 6 months preceding the visit; questions at follow-up refer to
the interim since the preceding visit. Blood is drawn each visit for laboratory testing and storage. All
samples are processed within 24 hours and serum/plasma is stored at -80°C.
Screening for HCV
To identify HCV seroconverters, we retrospectively determined the presence of anti-HCV antibodies
in stored serum from all participants with at least two visits between December 1985 and November
101
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Introduction
Infection with hepatitis C virus (HCV) is a global health problem, with an estimated 185 million
individuals infected [1]. Following acute infection, about 75% of cases progress to chronic infection
with detectable HCV RNA levels [2], putting them at risk for progressive liver disease, including
liver cirrhosis and hepatocellular carcinoma [3]. An improved understanding of the long-term HCV
RNA levels and factors associated with HCV RNA levels during well-defined chronic infection is
important to better understand the pathogenesis of HCV infection and could play an important
part in clinical decision-making.
Quantification of viral load has proven to be useful in chronic viral infections. It is widely accepted
that human immune deficiency virus (HIV) RNA levels are associated with HIV disease progression
[4]. In addition, monitoring HIV RNA levels is critical to assess the efficacy of combined antiretroviral therapy (cART) [5]. To date, there is no evidence that HCV RNA levels are associated
with HCV disease progression [6,7] or that HCV RNA levels might reflect the level of immune
suppression, as is the case for HBV [8]. In HCV treatment however, assessing HCV RNA levels
has important clinical consequences. Under treatment with pegylated interferon (PEG IFN) and
ribavirine (RBV), higher baseline RNA levels are associated with reduced sustained virological
response (SVR) rates [9,10]. Furthermore, HCV RNA levels are used to guide the duration and
outcome of interferon–containing treatment regimens including direct-acting antiviral agents
(DAA) [11,12].
However, in contrast to HIV infection, knowledge about the natural course of HCV RNA levels
following HCV seroconversion is limited. Evidence for factors associated with HCV RNA levels
is mainly obtained through cross-sectional studies: increasing age [13,14], favorable interleukin 28
B (Interferon-λ3) genotype [14-16], male gender [14,17], HCV genotype 1 [14,17], high body-mass
index (BMI) [18] and HIV coinfection [13,14,18] are associated with higher HCV RNA levels. In
addition these studies were biased by the unknown duration of infection. The few studies that
had a longitudinal study design and that were not biased by unknown duration, found that HIV
coinfection was associated with increased HCV RNA levels [19,20]. However, these studies were
limited by a relatively short follow-up period, the use of first and second-generation quantitative
assays, and did not adjust for potential confounders.
The open and ongoing Amsterdam Cohort Studies (ACS) among drug users (DU) started in 1985,
and HCV antibodies and HCV RNA were retrospectively tested. Therefore we had the unique
opportunity to evaluate HCV RNA levels for the entire course from HCV seroconversion and to
identify factors associated with RNA levels in 54 identified HCV seroconverters or recently infected
individuals who developed a chronic infection.
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2005 (n=1276). Individuals who were anti-HCV-negative at ACS entry were tested at their most
recent ACS visit. Upon seroconversion, we tested samples taken between these two visits to
determine the precise interval of seroconversion. Third-generation commercial microparticle EIA
system tests (AxSym HCV version 3.0; Abbott, Wiesbaden, Germany) were used. All seroconverters
for HCV during follow-up (n=55) and DU who were anti-HCV-positive at ACS entry and had
started injecting drug use within 2 years before entry (n=51) were longitudinally tested for HCV
RNA. Since we have shown that approximately 50% of DU acquire HCV infection within 2 years
after starting injecting drug use [26], the latter group most likely represent recent infections.
HCV RNA level and genotyping
HCV RNA levels were measured by branched–chain DNA (bDNA) assay (VERSANT HCV RNA
3.0, lower limit of 615 IU/mL) at yearly intervals and more frequently around seroconversion.
Samples below the cut-off were tested qualitatively for HCV RNA using transcription-mediated
amplification (TMA) with a lower detection limit of 5-10 IU/mL (Versant; Siemens Medical
Solutions Diagnostics, Munich, Germany). Viral genotyping of HCV was performed on the NS5B
region using primers and conditions as described elsewhere [22].
IL-28B genotyping
Single nucleotide polymorphism genotyping was performed using Allelic Discrimination assays
from Applied Biosystems for rs12979860 following the instructions of the manufacturer. Customdesigned primers and probes have been described previously [23].
Definitions and statistical analyses
For prospectively identified seroconverters, we estimated the date of HCV seroconversion as the
midpoint between the last anti-HCV-negative visit and the first anti-HCV-positive visit. For HCV
cases who started injecting <2 years before cohort entry, the date of HCV seroconversion was
estimated as the midpoint between the start of injecting drug use and cohort entry. For inclusion
in this study HCV seroconverters had to meet the following inclusion criteria: no evidence of
HCV clearance (defined as two consecutive negative quantitative or qualitative RNA tests following
HCV seroconversion); having at least one quantitative RNA test result; and having a follow-up
greater than 2 years. If HCV RNA was below the detection level but qualitative testing was positive
for HCV RNA, the quantitative level was set on the detection limit (615 IU/mL). Follow-up was
calculated from the estimated date of seroconversion and individuals were censored at start of
HCV treatment or last HCV RNA measurement, whichever occurred first.
To examine the HCV RNA patterns we used a latent class linear mixed model (LCLMM) [24]. A
mixed model includes individual specific random effects that describe deviations around the average
trajectory. It corrects for correlated data from the same individual due to unobserved characteristics.
A latent class model additionally allows average patterns to differ according to unobserved group
characteristics; individuals are allocated to these groups with a certain probability depending on
their individual profile. To determine the number of classes for the model with the best fit, we used
the bayesian information criterion (BIC). Within each class we modeled a biphasic pattern with a
linear trend during the first 2 years and a smoothly varying trend thereafter, which was modeled by
the use of restricted cubic splines [25]. We allowed for individual random intercepts and slopes. The
limited number of cases allowed us to investigate covariables that were most strongly associated
with HCV RNA in previous studies: age (time-updated), BMI (time-updated), IL28B genotype, sex,
HCV genotype at baseline, and HIV coinfection as a time-updated variable. BMI was calculated as
the weight (in kg) divided by height (in m2). Data on weight and length were missing in 80 of 654
visits of 54 participants. For 4 participants BMI data were missing at all visits. Therefore, we used
multivariable imputation of length an weight (time-updated) by chained equations and created 10
imputed datasets [26]. The covariables were allowed to affect the average level only. For inclusion
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in the multivariable model a univariable p-value < 0.05 was set as a threshold. Statistical analyses
were performed using SPSS software (version 19.0; SPSS Inc.) and the R statistical computing
environment (version 2.14.2; http://www.R-project.org/), together with the LCMM package [27].

Table 1. Overall characteristics of 54 HCV seroconverters at the first HCV-positive visit
following HCV seroconversion and during follow-up, from the Amsterdam Cohort Studies among
Table
Overallfrom
characteristics
of 54 HCV
seroconverters atare
the stratified
first HCV-positive
visit following
HCVRNA
seroconversion
drug1.users
1985-2012.
Characteristics
per class
of HCV
levels asand during
follow-up,
from
the Amsterdam
Cohort
Studies
amongmodeling.
drug users from 1985-2012. Characteristics are stratified per class of HCV
obtained
from
latent class
linear
mixed
RNA levels as obtained from latent class linear mixed modeling.

Overall
Class 1
Class 2
Number
54
9
45
Age, median (IQR)
27.9 (25.2-34.6)
27.1 (25.6-28.1)
28.7 (24.2-35.3)
Male sex, n (%)
33 (61)
6 (67)
27 (60)
Western European ethnicity, n(%)
45 (83)
9 (100)
38 (84)
BMI, median (IQR)
20.5 (18.6-22.4)
20.2 (17.7-21.3)
20.5 (18.6-22.6)
IL28 B, n (%)
CC
21 (39)
5 (56)
16 (36)
CT/TT
33 (61)
4 (44)
29 (64)
Baseline HCV genotype, n (%)
1
29 (54)
6 (67)
23 (51)
2
6 (11)
0 (0)
6 (13)
3
16 (30)
3 (33)
13 (29)
4
3 (5)
0 (0)
3 (7)
HIV at baseline, n (%)
12 (22)
4 (44)
8 (18)
+
+
Active HBV (HBsAg anti-HBc ), n(%)
2 (4)
1 (11)
1 (0)
Follow-up
0
0
0
Active HBV, n
HIV sc, n
10
3
7
Follow-up, median (IQR)
10.8 (6.5-14.9)
8.3 (5.2-11.3)
11.3 (6.6-15.5)
BMI, body-mass index; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; anti-HBc, hepatitis B core antibody; HCV,
BMI, body-mass index; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; anti-HBc, hepatitis B core antibody; HCV,
hepatitis C virus; IL28B, interleukin 28 B (interferon λ-3) rs12979860; IQR, interquartile range.
hepatitis C virus; IL28B, interleukin 28 B (interferon λ-3) rs12979860; IQR, interquartile range.
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Results
Baseline characteristics
Of the total of 106 seroconverters, we included 54 chronic cases that met the inclusion criteria.
Twenty-eight out of 54 (52%) DU were observed HCV seroconverters and 26 (48%) started injecting
drug use less than two years before cohort entry. The median age at HCV seroconversion was 27.9
years (interquartile range (IQR) 25.2-34.6), the majority were men and had a Western European
ethnicity (table 1). HIV coinfection was present at the first HCV-positive visit in 12 out of 54 cases
(22%) and an additional 10 cases seroconverted for HIV during follow-up. HCV genotype 1 (n=29)
and 3 (n=16) were most prevalent at baseline. Il28B TT/CT genotypes were most abundant, 33 out
of 54 (66.1%) cases. The median follow-up was 10.8 years (IQR 6.5-14.9), and the total person years
(PY) of follow-up was 589.86 years. In total, 645 HCV RNA tests among 54 cases were evaluated in
this analysis, with a median of 11 HCV RNA tests (IQR 7-15) per case. In the latent class analysis,
we compared the performance of models including 2, 3, and 4 classes. The 2-class model showed
the best fit with the lowest BIC value. Nine out of 54 cases (16.7%) had an estimated probability
of more than 50% to belong to class 1, and 45 out of 54 (83.3%) to belong to class 2. Most of the
individuals were assigned to a class with high probability: the average probabilities to belong to the
assigned class were 92% and 97% for class 1 and 2 respectively. This means that the class assignment
was quite unequivocal. The individual RNA patterns stratified for both classes are demonstrated in
figure 1. Being in class 1 mainly depends on the slow increase to reach peak HCV RNA levels and
the decline in HCV RNA of three cases. The slow increase is partly due to a lack of sufficient HCV
RNA measurements during the first year and the decline of HCV RNA at the end of follow-up in
three cases. We observed no clear differences between the characteristics of both classes, although
HIV at baseline was borderline significant (p=0.07 Fisher-exact test).
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Figure 1. Individual HCV RNA patterns of 54 chronic HCV-infected individuals with a documented date of seroconversion from the
Amsterdam Cohort Studies among drug users, 1985-2013.
Data is stratified by 2 classes of HCV RNA patterns identified by latent class linear mixed model analysis. This model allows
average patterns to differ according to unobserved group characteristics; individuals are allocated to these groups with a certain
probability
depending
on their
individual profile.
Dashed horizontal
line represents
the detection
(615 IU/mL).
Table 2.
Uni- and
multivariable
analysis
of predictors
associated
withlimit
increase
in HCV RNA
HCV, Hepatitis C virus

levels.

Table 2. Uni- and multivariable analysis of predictors associated with increase in HCV RNA levels.
Univariable
Multivariable
Increase in HCV RNA
Increase in HCV RNA
p-value
(log10 IU/ml) (95% CI)
(log10 IU/ml) (95% CI)
Age per 10 years
-0.06 (-0.28-0.16)
0.563
increase
Sex
0.001
Female
Ref
Ref
Male
0.51 (0.19-0.83)
0.41 (0.06-0.75)
IL28B
0.016
CT/TT
Ref
Ref
CC
0.39 (0.09-0.69)
0.40 (0.08-0.73)
HIV coinfection
<0.001
No
Ref
Ref
Yes
0.42 (0.18-0.67)
0.20 (-0.07-0.47)
Baseline HCV
0.452
genotype
Genotype 1
Ref
Genotype 2
-0.07 (-0.55-0.42)
Genotype 3
-0.26 (-0.60-0.07)
Genotype 4
0.07 (-0.65-0.81)
BMI per point
0.058 (0.029-0.086)
<0.001
0.055 (0.027-0.083)
increase
95% CI, 95% confidence interval; HCV, hepatitis C virus; IL28B, interleukin 28 B (interferon λ-3) rs12979860

p-value

0.017
0.012
0.132

<0.001

95% CI, 95% confidence interval; HCV, hepatitis C virus; IL28B, interleukin 28 B (interferon

Viral
dynamics and determinants of HCV RNA levels
λ-3) rs12979860
Using LCLMM we were able to investigate the impact of HIV, sex, age, BMI, HCV genotype, and
IL28B on the HCV RNA levels over time (table 2). In univariable analysis, age was not associated
with high HCV RNA levels, p=0.56. We found no significant association between HCV genotype
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Figure 2. Fitted HCV RNA levels of individuals who have the covariable combination with the lowest mean HCV RNA levels (A)
and highest mean HCV RNA levels (B).
Data is derived from 54 chronic HCV-infected individuals with a documented date of seroconversion from the Amsterdam Cohort
studies among drug users, 1985-2013. A: Female, HIV-negative, IL28B CT/TT genotype. B: Male, HIV-positive, and Il28B CC
genotype. Dashed horizontal line represents the detection limit (615 IU/mL).
HCV, Hepatitis C virus; HIV, Human immunodeficiency virus; IL28B, Interleukin 28B (rs12979860).

at baseline and HCV RNA levels, p=0.45. HIV coinfection was significantly associated with an
increase in HCV RNA levels, 0.42 log10 IU/mL (95% 0.18-0.67) as compared to HCV monoinfected
individuals, p<0.001. In multivariable analysis, HCV RNA levels were 0.41 log10 IU/mL (95%
confidence interval (CI) 0.06-0.75) higher for males as compared to females, p=0.017. Individuals
with the favorable Il28B CC genotype had 0.40 log10 IU/mL (95% 0.08-0.73) higher HCV RNA
levels than individuals with the Il28B CT/TT genotype, p=0.012. BMI was significantly associated
with an increase in HCV RNA levels, 0.055 log10 IU/mL per BMI point increase (95% 0.0270.083), p<0.001. Figure 2 shows the covariable combinations that had the highest and lowest mean
longitudinal HCV RNA levels in class 2 (n=45): males with the Il28B CC genotype and a high BMI
(highest quartile) (panel A) have markedly higher levels than females who have the Il28B CT/TT
genotype and low BMI (panel B).
HCV RNA drops below the detection limit
We expected HCV RNA levels to be relatively stable during chronic infection. Although this was
observed in the majority of cases (n=46/54), we observed drops in HCV RNA levels below the
detection limit in 8 out of 54 individuals. In 4 out of 8 individuals HCV RNA levels declined
at the end of follow-up, which occurred just before death (supplement figure A). All four cases
were HIV-positive and CD4 T cell numbers at the last visit ranged from 4 to 150 cells/mL. Death
occurred within 6 months after the last HCV RNA test in 3 out of 4 individuals and the primary
causes were: AIDS wasting, progressive multifocal encephalopathy, and natural death. Two cases
had persistently low HCV RNA levels during the early course of infection (supplement figure B).
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Although the patterns might reflect consecutive reinfections we did not observe any HCV RNAnegative visits. In addition, in one case (ID19674) the same HCV genotype 1a strain was found based
on NS5B sequencing during follow-up, suggesting persistent infection. Two individuals experienced
one (ID18783) or multiple (ID18898) HCV RNA levels below the detection limit (supplement
figure C). Case ID18783 was HIV-positive from HCV seroconversion and had the same genotype
1a infection at multiple visits throughout follow-up. We examined his medical records but were
unable to find any explanation for this single HCV RNA drop. The HCV RNA pattern of case
ID18898 was unexpected: this female was HIV-negative and she did not receive any HCV treatment
during follow-up. Ten years following seroconversion the HCV RNA levels became quantitatively
undetectable, suggesting late clearance, but qualitative tests were positive through the remainder of
follow-up.
Discussion
This is the first time a study has described HCV RNA dynamics in a unique cohort of HCV
seroconverters for a period of up to 20 years. BMI, male sex and IL28B CC genotype were
independently associated with increased average HCV RNA levels over the entire course of infection.
Here we show that increased BMI is associated with increased HCV RNA levels. Only two previous
cross-sectional studies found an association between high BMI and high HCV RNA levels [18,28].
BMI has been reported as an independent negative predictor for HCV treatment outcome in both
the RBV/PEG-IFN regimen as the boceprevir regimen [29,30]. Moreover, weight greater than 75
kilogram was associated with relapse in a sofosbuvir-based regimen [31]. A study investigating liver
samples from obese and lean individuals with chronic HCV found increased intrahepatic levels of
IFN-gamma-inducible protein 10 (IP-10) and monocyte chemotactic protein-1 (MCP-1) among
obese individuals [38]. Increased expression of MCP-1 and IP-10 has been associated with hepatic
inflammation and fibrosis. Although high IP-10 level has been correlated with increased HCV RNA
levels [32], a direct relation between HCV RNA and liver disease has not been shown [6,7]. Likely
there is a complex and multifactorial interaction between etiologies of liver disease, including drugassociated hepatotoxicity, non-alcoholic steatohepatitis, and alcohol [33].
To the best of our knowledge this is the first longitudinal study that demonstrates that females have
lower average HCV RNA levels than men. It has been reported that females have a decreased risk of
liver disease progression [34] and that this could be due to a protective effect of estrogens [35]. This
hypothesis is further supported by a faster progression of hepatic fibrosis in postmenopausal versus
premenopausal women [36]. Whether estrogens have a direct effect on HCV RNA levels remains
unclear. However, evidence pointing in this direction comes from an in vitro study demonstrating
that estrogens (17β-estradiol) inhibit the production of HCV virions [37]. Sex-based differences in
the immune response to other viral infections have been described previously [38]. For instance,
HIV–infected women clearly have lower HIV RNA levels than men, especially when CD4+ cell
counts are high [39,40]. However, a clear underlying mechanism has not yet been defined.
Female sex is associated with increased spontaneous clearance, decreased fibrosis progression and
lower HCV RNA levels. Likewise, IL28B CC genotype is associated with spontaneous clearance, but
counter intuitively IL28B CC genotype is also independently associated with increased HCV RNA
levels in our study and others [14-16]. Individuals with the unfavorable CC/TT genotypes generally
have higher (interferon stimulating gene) ISG expression than individuals with the favorable CC
genotype [41]. Higher ISG expression leads to increased pressure on HCV and should result in
lower levels of HCV RNA.
This study was unable to confirm that HCV RNA levels are higher among HIV-coinfected individuals
[19,20]. Although a univariable association was found, we did not have the power to demonstrate
this association in multivariable analysis.
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In 4 HIV-coinfected individuals the HCV RNA levels dropped below the detection limit shortly
before death with low CD4 counts. Unfortunately, no clinical data were available regarding the
presence of liver disease, nor was any liver disease reported as a contributing cause of death.
We assume that these individuals experienced very rapid liver disease progression as has been
observed among HIV-coinfected patients [42]. Low HCV RNA levels have been associated with
decompensated liver disease and death can follow rapidly after the first hepatic decompensation in
HIV-infected individuals [43].
By using a latent class model, we identified two patterns in HCV RNA trends. There may be
unobserved characteristics that are responsible for a slower increase to peak HCV RNA levels
during the first two years. In our approach this resulted in two subgroups with different patterns.
However, it may also be a gradual difference, which gives a better fit in a model with two classes
than in a model with only one class.
There were several limitations in this study that need to be addressed. Due to the retrospective
testing in this study, specimens had been stored up to 23 years at -80°C. Subsequently, these samples
might have been subject to degradation due to multiple freeze-thaw cycles and natural degradation
over time during storage. However, specimens can be thawed up to eight times without affecting the
accuracy of the bDNA assay, and thus we believe the results of this study are not seriously affected
by its retrospective character [44]. Furthermore, we did not have sufficient power to investigate
interactions between variables on the level and slopes of HCV RNA levels, although we used a novel
statistical approach in analyzing HCV RNA levels. To examine the association of HCV genotypes
on HCV RNA levels we used the baseline HCV genotype. We acknowledge that HCV genotype
switches can occur following reinfection after spontaneous clearance and that multiple infections
may occur in chronically infected individuals [45]. However, in concordance with other studies
[14,46] we did find a decrease in HCV RNA levels for those with HCV genotype 3 as compared to
those with HCV genotype 1. Unfortunately these results did not reach statistical significance and
could have been biased by genotype switches or multiple infection in chronically infected individuals.
In conclusion, in this longitudinal study with more than 20 years of follow-up, we found that male
sex, IL28B CC
genotype, and BMI are independently associated with increased HCV RNA levels. These results
contribute to our understanding of defining the natural history of HCV infection and could play an
important part in clinical decisionmaking.
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Supplementary figure. HCV RNA drops below the detection limit during follow-up.
Out of 54 chronic HCV-infected individuals with a documented date of seroconversion, some individuals showed marked decreases
in HCV RNA levels before death (“X”) occurred (A), early during infection (B), or when they had an established chronic infection (C).
Dashed line represents an HIV-negative status and the solid line represents an HIV-positive status.
HCV, Hepatitis C virus; HIV, Human immunodeficiency virus; CC, IL28B, interleukin 28B (rs12979860)
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Abstract
Objectives: To investigate the impact of HCV monoinfection and HIV/HCV coinfection on
immune parameters in (ex-) injecting drug users (IDU).
Design: IDU are at premature risk of developing multimorbidity and mortality from causes
commonly observed in the elderly. Ageing of the immune system (immune-senescence) can lead to
premature morbidity and mortality and can be accelerated by chronic viral infections.
Methods: We analyzed telomere length and expression of activation, differentiation and exhaustion
markers on T cells in a recent (t=2) and an historic (t=1) sample (median interval 16.9 years) in
IDU who were: HCV mono-infected (n=21); HIV/HCV coinfected (n=23) or multiple exposed
but uninfected (MEU) (n=8).
Results: The median time interval between t=1 and t=2 was 16.9 years. Telomere length within CD4+
and CD8+ T cells decreased significantly over time in all groups (p≤0.012). CD4+ T-cell telomere
length in HCV mono-infected IDU was significantly reduced compared to healthy individuals at
t=1 (p<0.008). HIV/HCV coinfected IDU had reduced CD4+ and CD8+ T-cell telomere lengths
(p≤0.002). This was related to persistent levels of immune activation but not due to increased
differentiation of T cells over time. Telomere length decrease was observed within all T-cell subsets,
but mainly found in immature T cells (CD27+CD57+) (p≤0.015).
Conclusions: HCV mono-infection and HIV/HCV coinfection enhance T-cell immune-senescence
early during infection, which warrants early treatment for both HCV and HIV to reduce immune
senescence in later life.
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Methods
Study population
Study subjects were recruited from the ACS among DU, an open, prospective cohort study to
investigate the prevalence, incidence, and risk factors of HIV infections and other blood-borne
diseases [26]. Enrollment is voluntary, anonymous, and written informed consent is obtained from
each participant at the intake visit. The medical ethics committee of the Academic Medical Center
approved this observational study. Blood is drawn each visit for laboratory testing and storage of
peripheral blood mononuclear cells (PBMC) and serum. HIV testing and HCV testing have been
described before [27].
For this study we included three groups of DU, namely: IDU who had an HIV/HCV coinfection
(n=23), IDU who had a chronic HCV infection (n=21) and as a control for a drug using career IDU
who were multiple expose but uninfected (MEU) (n=8) (table 1). Subjects were included if they had
an injecting drug use career greater than 2 years, were aged between 43 and 60 years and had PBMCs
available. In addition to these recent samples we also included the first available PBMCs sample
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Introduction
As people age, the immune system exhibits age-associated changes resulting in impaired immunity.
This so-called immune senescence is a complex multifactorial phenomenon characterized by a
number of features including: i) reduced number of naïve T cells; ii) increased frequencies of
differentiated CD28-CD57+ T cells that have a reduced proliferative capacity; iii) reduced CD4/
CD8 ratio; oligoclonal expansion of CD8 T cells, and iv) progressive shortening of telomeres [1-3].
Telomeres are repetitive (TTAGGG)n nucleotide sequences that shorten with each cell division [4].
Among people aged over 60 years, short leukocyte telomere length has been associated with higher
mortality rates from infectious diseases [5].
People who inject drugs (injecting drug users, IDU) are at increased risk of contracting both acute
and chronic infections [6,7]. The prevalence of HCV antibodies in IDU ranges from 15-98% [8,9].
Upon HCV infection, 75% of individuals progress to chronic infection and are at risk for progressive
liver disease, liver cirrhosis and hepatocellular carcinoma [10]. The worldwide prevalence of HIV
infection among IDU is estimated to be 18% [11]. With the advent of combination antiretroviral
therapy (cART) and decline in drug-related causes of death, the mean age of IDU is increasing
[12,13] and IDU are at premature risk of developing multimorbidity and mortality from causes
commonly observed in the elderly [14,15].
Immunological changes and increased levels of inflammation could form the basis of this
premature burden of morbidity and mortality among ageing DU. Progression of immune
senescence was shown to be accelerated by chronic viral infections such as HIV through (longterm) continuous immune activation [16,17]. Despite adequate combination antiretroviral therapy
(cART), HIV infected individuals have increased risk for non-AIDS morbidity as compared to agematched controls [18,19]. There is a growing body of literature that suggests that HCV has a role
in extrahepatic morbidity and mortality likely through a similar mechanism of immune activation
[20,21]. Indeed, like HIV, HCV infection also leads to PD-1high and TIM-3high T cells, a phenotype
associated with exhaustion due to persistent antigenic pressure [22]. In addition to HIV and HCV
monoinfection, HIV/HCV coinfected individuals do not only seem to have increased risk for liver
disease progression [23] but also progression to AIDS [24], which suggests that both viruses could
enhance each other’s disease progression [25].
To assess the impact of an infection with HCV and HIV/HCV specifically, we studied parameters
associated with immune senescence. To this end, we included IDU with HCV mono- or HIV/HCV
coinfection. As a control group to control for use of cocaine, opioid and social practices connected
with drug use, we studied IDU with similar injecting risk behavior that where multiple exposed
but uninfected (MEU) from the Amsterdam Cohort Studies (ACS) among drug users, at two timepoints during follow-up >15 years apart.

PBMC storage
From all study participants, PBMCs were isolated from heparinized blood using a Ficoll-Hypaque
density gradient centrifugation and cryopreserved using a computerized freezing system in liquid
nitrogen within 24 hours of collection.
Flow cytometric analyses
Stored PBMCs were rapidly thawed and 1*106 cells were stained in PBS with 0.5% bovine serum
albumin (BSA) and 0.1% sodium azide using combinations of the following antibodies: CD4
Pacific Blue, CD3 AlexaFluor700, HLA-DR PerCP (Biolegend), CD8 Horizon V500, CD27 APCeFluor780 (eBioscience), CD38 PE (Caltag) and PD-1 PerCP-Cy5.5. Cells were incubated with the
antibodies for 20 minutes at 4 ºC. After washing with PBS/0.5% BSA, cells were fixed with Cellfix
(BD) and directly analyzed by flow cytometry. For each sample a minimum of 100,000 cells were
acquired using a LSRII FACS (BD) and data were processed using FACSDiva 6.0 software (BD).
Fig. 1
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since study entry in the ACS for each subject. To compare the study groups to healthy individuals
we recruited 2 groups of anonymous healthy donors from the blood bank, one aged between 43-60
and one aged between 23-43.
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Figure 1. Telomere length decreases over time in CD4+ and CD8+ T cells.
A) RTL of peripheral CD4 T cells (left panel) and CD8 T cells (right panel) over time of: healthy donors (HD); multiple exposed
uninfected (MEU) injecting drug users (IDU); HCV monoinfected IDU and HIV/HCV coinfected DU. RTL was measured in the first
available sample since study entry (1) and the most recent sample (2) of MEU, HCV monoinfected and HIV/HCV coinfected DU.
HD at time point 1 and 2 are not the same individuals. The median time interval for all groups between time point 1 and 2 was 16.9
years. Medians are depicted in the scatterplots. Wilcoxon-signed rank test was used for comparison within groups with the same
individuals (MEU, HCV and HIV/HCV). Kruskall wallis test were used to compare between groups followed by post hoc MannWithney U tests. B) Median levels of RTL decrease over time calculated per individual per 10 years for CD4 T cells (left panel) and
CD8 T cells (right panel).
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Proliferation assay
In vitro T-cell proliferation was measured with a dye-based proliferation assay, CellTrace™ Violet
(Molecular Probes), according to the manufacturer’s protocol. Briefly, PBMC were labelled with 0.5
µM cell trace and 2*106 cells were stimulated with 2 μg/ml pp65 peptide pool (NIH, Bethesda) or
2 μg/ml CEF (NIH, Bethesda) at 37°C for 6 days. As a general T-cell response, 2 μg/ml anti-CD3
(Sanquin) and 2 μg/ml anti-CD28 (Sanquin) was added and medium alone was used as a negative
control. At day 6, cells were stained for CD8 and CD4 and analyzed as described above. The
proliferation of CD4+ or CD8+ T cells was calculated as the percentage of proliferating T cell with
stimulus minus the percentage of proliferation without stimulus (medium). The ratio of specific
and general T-cell responses was defined as the percentage of specific (pp65 or CEF) proliferation
divided by the general T-cell response (anti-CD3/ anti-CD28). Individuals who did not respond to
pp65 or CEF were not included in the analyses.
Statistical analyses
To test for statistical significance between groups we used the Kruskall Wallis test (to correct for
multiple testing) and if significant followed by post-hoc Mann-Whitney U test. Comparisons within
groups (related samples) were made using the paired Wilcoxon signed rank test, otherwise the
Mann-Whitney U test was used. A two sided p-value <0.05 was considered statistically significant.
All analyses were performed using SPSS (version 20.0; SPSS Inc.) statistical software. Graphs were
made using Graphpad (version 6.1; GraphPad Software, Inc.)
Results
Study population
We included 23 HIV/HCV coinfected, 21 HCV infected and 8 MEU DU (table 1) who all injected
drugs for at least 2 years. The number of years of injecting risk behavior was comparable between
groups, although MEU IDU reported less injecting in the past 6 months prior to the historic time
point(p=0.07). At the historic time point, 1 out of 23 (4.5%) HIV/HCV IDU was on combination
antiretroviral therapy (cART) and this number increased to 20 out of 23 (87.0%) at the recent time
point. The remaining three HIV/HCV infected cases never received cART. For those who received
cART the median time since start cART was 7.1 years (IQR 2.1-10.7). Median nadir CD4 count was
130 cells/mm3 (IQR 90-210).
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Flowcytometric analysis of telomere length in T cell subsets
Telomere length of PBMCs was assessed using a five color flow cytometry fluorescent in situ
hybridization (flow-FISH) protocol, adapted from Baerlocher et al. [28] Here, telomeres are
hybridized to an AlexaFluor488 labeled peptide nucleic acid (PNA) telomeric (C3TA2)3 probe
and subsequently analyzed by flow cytometry. In short, stored PBMCs were rapidly thawed and
2*106 cells were stained with heat-stable fluorochrome-labeled antibodies for CD3 Pacific Blue
(eBioscience), CD8 V500 (BD), CD27 APC (Biolegend) and CD57-biotin (Biolegend), followed by
streptavidin-Cy3 (Sigma). After washing, the cells were fixed with bis(sulfosuccinimidyl)- suberate
(BS3, Pierce) for 30 min at 4°C in the dark. Cells were washed with PBS and incubated for 10
min with an hybridization solution, with and without the PNA probe and 15 minutes at 82°C to
denature the DNA. After 1 hour of hybridization at room temperature and in the dark, cells were
washed and analyzed immediately by flow cytometry. Samples were gated on live, singlet CD3+ T
cells. Calf thymocytes were included in each experiment as an internal control. The gating strategy
is shown in supplementary figure 1. Relative telomere length (RTL) of each sample was calculated as
the ratio between the median fluorescent intensity (MFI) of the T cell subset of interest with probe
(minus the MFI without probe) divided by the MFI of the calf thymocytes with probe (minus the
MFI without probe). All experiments were performed in duplo and RTLs were averaged per sample.

Table 1: Baseline and follow-up characteristics of the study population.
Table 1. Baseline and follow-up characteristics of the study population.
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Number
General characteristics
Gender, n male (%)
Western ethnicity, n (%)
Ever injected drugs, n (%)
Years of injecting (IQR)
Timepoint 1
Age, median (IQR)
Injecting past 6 months(%)
6
CD 4 cell counts 10 cells/L,
median (IQR)
cART, n (%)
Timepoint 2
Age, median (IQR)
Injecting past 6 months (%)
6
CD 4 cell counts 10 cells/L,
median (IQR)
cART, n (%)
Years on cART, median (IQR)

HD*
22

MEU
8

HCV
21

HIV/HCV
23

P-value

-

7 (87.5)
8 (100.0)
8 (100.0)
6.7 (6.1-13.6)

15 (71.4)
21 (100.0)
21(100.0)
13.4 (5.4-19.6)

14 (60.9)
19 (82.6)
23 (100.0)
9.0 (6.4-14.6)

0.36
0.13
1.00
0.20

36.4 (31.5-40.1)
-

32.8 (28.7-35.2)
1 (12.5)
-

34.4 (30.7-37.5)
14 (66.7)
-

35.2 (32.6-39.8)
16 (73.9)
590 (470-742)

0.30
0.07
-

-

-

-

1 (4.5)

-

52.7 (48.3-57.6)
-

51.7 (49.2-54.8)
1 (12.5)
-

51.7 (47.4-55.5)
4 (19.0)
-

50.4 (47.7-54.2)
4 (17.9)
341 (233-663)

0.97
0.92
-

-

-

-

20 (87.0)
7.1 (2.1-10.7)

-

cART: combination anti-retroviral therapy; HCV: Hepatitis C virus; HD: Healthy donor; IQR: Interquartile range; MEU: Multiple
exposed but uninfected with HCV or HIV
* HD at time point 1 and 2 are not the same individuals; - Data not available

cART: combination anti-retroviral therapy; HCV: Hepatitis C virus; HD: Healthy donor; IQR:
Interquartile range; MEU: Multiple exposed but uninfected with HCV or HIV
Flowcytometric
analyses
of telomere
length
* HD at time point
1 and
2 are not
the same individuals; - Data not available

Using flow-FISH, telomere length can be measured in distinct cell populations without prior cell
sorts [29]. Here we extended the flow-FISH protocol [28,30] to a 5 color- flow-FISH (incorporating
the phenotypic markers CD3, CD8, CD27 and CD57) enabling us to investigate CD4 and CD8
phenotypic T cell subsets in one sample. The assay has been shown to be sensitive enough to detect
significant decreases in telomere length [30].
During ageing the relative telomere length (RTL) decreases, as shown in supplementary figure 2A
in CD8+ T cells over a period of 17 years. Using CD27/CD57 expression for defining immature
(CD27+CD57-), mature (CD27-CD57-) and mature differentiated (CD27-CD57+) phenotypes [31,32]
(supplementary figure 2B), we were also able to show differences in telomere length between these
subsets (supplementary figure 2C). In both CD4+ and CD8+ T cells, immature cells had significantly
longer RTL compared to mature and mature differentiated cells (p<0.001). Shortened telomeres
have been associated with CD57 expression on the surface of T-cells [33]. Here we show that loss
of CD27 expression is already associated with reduced RTL in CD4+ and CD8+ T cells. Mature
and mature differentiated cells have similar RTL, indicating that they have undergone comparable
rounds of proliferation (supplementary figure 2C).
Telomere length decreases over time in CD4+ and CD8+ T cells and is mostly affected by HIV/HCV coinfection
We investigated whether there was a decrease in RTL among CD4+ and CD8+ T cells over time
(figure 1A). The RTL of CD4+ T cells decreased significantly over time in all groups (p≤0.012). An
early impact of HCV monoinfection and HIV/HCV coinfection was observed among the RTL
in CD4+ T cells compared to healthy donors (p=0.008 and p=0.002 respectively). Among CD8+
T cells the RTL also decreased in all groups( p≤0.017). The median RTL of CD8+ T cells from
HIV/HCV coinfected IDU at the historic time point was significantly lower than in healthy donors
(p=0.0015) and comparable to the median RTL of healthy donors, HCV infected IDU and MEU
at the second time point. To analyse the decline in RTL per individual, the 10 year RTL decline was
calculated. With increasing age, the RTL decline rate did not statistically differ between the study
groups (figure 1B). Taken together, these results suggest an early effect of HIV/HCV coinfection
on immune senescence.
Lower telomere lengths in immature T cells in HIV/HCV coinfected IDU coincides with increased numbers of
differentiated cells
Persistent antigenic stimulation leads to linear differentiation of naïve cells losing CD27 [34,35] and
gradually gaining CD57 [32], resulting in a decreased capacity to proliferate [36]. Therefore long116
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Figure 2. No enhanced T-cell differentiation in time and lower relative telomere lengths (RTL) in immature CD4+ and CD8+ T cells.
A) Pie charts of normalised median frequencies of immature (blue), mature (green) and mature differentiated (red) CD4+ (left
pa- nels) and CD8+ T cells (right panels).. P-values were calculated using the Mann- Whitney U test. B) RTL of peripheral CD4
T cell subsets (B) and CD8 T cell subsets (C) of: healthy donors (HD); multiple exposed uninfected (MEU) drug users (DU); HCV
monoinfected IDU and HIV/HCV coinfected DU. RTL was measured in the first available sample since study entry (1) and the
most recent sample (2) of MEU, HCV monoinfected and HIV/HCV coinfected DU. Subsets are depicted as follows: immature
(CD27+CD57-), mature (CD27-CD57-) and mature differentiated (CD27-CD57+). HD at time point 1 and 2 are not the same
individuals. The median time interval for all groups between time point 1 and 2 was 16.9 years. Medians are depicted in the plots.
Wilcoxon-signed rank test was used for comparison within groups with the same individuals (MEU, HCV and HIV/HCV). Kruskall
wallis test were used to compare between groups followed by post hoc Mann-Withney U tests.
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term effects of persistent antigenic stimulation could be reflected in the percentage of immature,
mature and mature differentiated T-cell subsets. As shown in figure 2A the proportion of immature
CD4+ and CD8+ T cells was significantly lower among HIV/HCV coinfected IDU than healthy
donors at both the historic and recent time point (p<0.01) (figure 2C) fitting with the lower telomere
lengths in this patient group. However, we did not observe a significant increase in the percentage
of differentiation over time within each of the study groups, indicating that loss of telomere length
over time is not simply due to increased T-cell differentiation. Even more, the RTL significantly
decreased over time in all T-cell subsets for all groups (≤0.027, figure 2B&C) except for HC in the
mature T-cell subsets. In addition, in immature CD8+ T cells, the RTL in HIV/HCV infected IDU
was significantly lower compared to healthy donors (p=0.015). The CD27+CD57- immature CD4+
T cells from young IDU with HCV or HIV/HCV infection also had a lower RTL than healthy
donors (p=0.056 and p<0.001 respectively). Thus, the decrease in telomere length over time does
not seem to be due to enhanced differentiation of T cells, but affects all T-cell subsets.
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Figure 3. Levels of immune activation and exhaustion are increased in HCV/HIV coinfected injecting drug users (IDU).
Percentages of HLA-DR/CD38 positive peripheral CD4+ T cells and CD8+ T cells (A) of: healthy donors (HD); MEU IDU; HCV
monoinfected IDU and HIV/HCV coinfected DU. RTL was measured in the first available sample since study entry (1) and the
most recent sample (2) of MEU, HCV monoinfected and HIV/HCV coinfected DU. (B) Median fluorescent intensity (MFI) of PD1 in
peripheral CD4+ T cells and CD8+ T cells. Box and whisker plots show the median and 10-90 percentiles. The Wilcoxon-signed
rank test was used for comparison within groups with the same individuals (MEU, HCV and HIV/HCV). Kruskall wallis test were
used to compare between groups followed by post hoc Mann-Withney U tests.
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Implications for T cell functionality
To investigate whether the observed immune senescence patterns and immune activation/exhaustion
status influences the immune response to T-cell stimulation, we analysed the response of T cells to
both general T cell receptor stimulation (anti-CD3/anti-CD28) as well as specific TCR stimulation.
For the latter we used a peptide pool containing optimal HLA class I derived peptides from CMV,
EBV and influenza (CEF pool) and a peptide pool consisting of overlapping peptides from the
complete pp65 CMV protein (pp65 pool), which potentially can stimulate both CD4+ and CD8+
T cells. This analysis was limited by the availability of PBMC and therefore only samples from the
recent time point could be included. We analysed the percentage of proliferating T cell using a dyebased proliferation assay (figure 4A for representative plots of each group).
We found that general CD4+ and CD8+ T cell anti-CD3/CD28 reactivity of HCV-infected (n=15)
IDU was comparable to healthy controls (n=14) and MEU DU (n=7) (figure 4B). Among individuals
that responded to the pp65 and CEF pool, after pp65 stimulation the antigen-specific CD8+ T-cell
reactivity was significantly lower among HCV infected (n=14) DU (p=0.02) than MEU DU (n=6),
but not healthy controls (n=9). Although numbers are small this could be associated with immune
senescence induced by HCV infection. When we calculated the ratio between specific and general
immune responses, the CD8 T-cell response to pp65 is significantly higher in MEU as compared
to HCV infected IDU (p=0.01) (figure 4C). A comparable trend was observed in the CD8 T-cell
response to CEF, although not significant. This observation could suggest that T-cell responses
against common pathogens like CMV and EBV are specifically boosted without causing a more
general activation in MEU DU.
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Increased levels of activation and exhaustion in peripheral T cells of HCV monoinfected and HIV/HCV coinfected
DU
To investigate whether the observed decrease in RTL over time could be due to enhanced
immune activation, we analyzed the expression of HLA-DR and CD38 on T cells. IDU with
HIV/HCV coinfection had a significantly higher frequency of CD4+ and CD8+ T-cell activation
(HLADR+CD38+) compared to healthy donors at both time points (p<0.004, figure 3). IDU with
HCV monoinfection had higher levels of CD8+ T cell activation at the historic time point compared
to healthy donors (p<0.001), but this effect diminished over time. The level of CD4+ and CD8+
T cell activation declined over time in HIV/HCV infected DU, but was still higher than in healthy
donors (p<0.001). The expression of activation markers was also significantly higher in HCV and
HIV/HCV infected IDU compared to MEU DU. Interestingly, young MEU IDU were comparable
to young healthy donors with respect to immune activation, which suggests there was no impact
of drug use or social practices on immune activation. However, the levels of CD38 and HLA-DR
among MEU IDU remained stable over time, suggesting that MEU IDU may actively suppress
immune activation.
Persistent antigen exposure does not only lead to a rapid turnover and telomere erosion but can
also lead to a subset of T cells that become functionally exhausted. To investigate whether T-cell
exhaustion is upregulated by HIV and/or HCV we evaluated programmed death factor 1 (PD-1)
expression levels. Early in follow-up both CD4+ and CD8+ T cells of HIV/HCV infected IDU
expressed higher levels of PD-1 than healthy donors. Over time, the CD8 PD-1 expression of
HIV/HCV infected IDU declined significantly (p=0.014) to a level comparable to healthy donors,
most likely due to cART. Among HCV monoinfected IDU the expression of PD-1 in CD4+ T cells
was higher compared to healthy donors (p=0.023). Even though PD-1 expression in these cells
significantly increased over time (p=0.005) the expression level was comparable to older healthy
donors, MEU and HIV/HCV coinfected IDU. Thus HIV/HCV coinfection leads to both general
increased immune activation and increased PD-1 expression.
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Figure 4. General and specific T-cell responses in MEU and HCV monoinfected injecting drug users (IDU).
(A) Representative scatterplots of CD4 T-cell responses of HD, MEU IDU and HCV infected IDU after stimulation with medium, antiCD3/anti-CD28 (general T-cell response), specific T-cell receptor stimulation by using a peptide pool containing optimal HLA class
1 derived peptides from CMV, EBV and influenza (CEF) and a peptide pool consisting of overlapping peptides from the complete
pp65 CMV protein (pp65 pool). (B) CD4 and CD8 T-cell responses after stimulation with anti-CD3/anti-CD28, CEF and pp65.
Medium is subtracted from the general and specific responses. CEF is not CD4 specific and hence not displayed.
Individuals who did not respond to pp65 or CEF were not included to the analyses. (C) Ratio of specific responses (CEF or pp65)
and anti-CD3/anti-CD28 response.
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Discussion
In this longitudinal study we observed significantly decreased telomere lengths among ageing HIV/
HCV coinfected IDU as compared to healthy donors. In the period in which IDU had no access to
cART, the impact of HIV/HCV infection on telomere length was noticeable already early during
infection in both the CD4 and CD8 T-cell compartment with significantly reduced telomere lengths.
HCV monoinfected IDU had significantly decreased telomere lengths in their CD4+ T cells, but
CD8+ T cells were not affected by increased telomere erosion. Over time we observed no increase
in the percentage of differentiated cells in each study group, but we did observe a continued
decline of telomere erosion. Therefore it is unlikely that T-cell differentiation alone explains the
continued telomere erosion. Telomere decline could be explained by the increased peripheral levels
of activation (HLA-DR+CD38+), mature differentiated (CD27-CD57+) cells and exhaustion (PD-1)
in peripheral T cells of HCV monoinfected and HIV/HCV coinfected IDU which indicates a state
of chronic immune activation.
As expected, we observed that telomere length decreased over time in all groups. However this was
independent of viral coinfections (HCV or HIV/HCV). Interestingly, at a relatively young age the
telomere length of predominantly CD8+ T cells, but also CD4+ T cells, was markedly decreased in
HIV/HCV coinfected individuals and was comparable to more than 15 year older healthy individuals.
As most HIV/HCV coinfected individuals were cART naïve early during infection, the immune
system responds to HIV with high levels of activation and proliferation rates [37]. Consequently
HIV drives T cells to increasingly differentiated phenotypes that are oligoclonally expanded, less
functional and more prone to apoptosis [38]. Here we demonstrate that loss of telomere length is
not simply due to increased differentiation but mainly to continued immune activation. Importantly,
this study demonstrates that the loss in telomere length mainly occurred during early infection and
was not restored to the level of healthy individuals with the initiation of cART. We could not rule
out that cART, via telomerase inhibition [39], negatively affects telomere length. However a recent
cross-sectional study by Zanet et al. demonstrated no association between low telomere length and
cART exposure [40].
Here we found that HCV monoinfected IDU had lower CD4+ T cell telomere lengths than healthy
donors early during infection, suggesting that HCV on its own may have an effect on immune
senescence. However, CD8+ T cell telomere length was not affected. Unfortunately we had no
clinical outcomes to relate to, but a hospital-based study found that, independent of age, decreased
CD4+ memory telomere length was associated with increased liver fibrosis [41]. In addition, longer
CD4+ and CD8+ T cell telomere lengths were both associated with a sustained virological response
following HCV treatment. We demonstrated that in HCV monoinfected IDU the decreased telomere
length in CD4+ T cells occurred mainly in the immature T cells. Although this population consists
of both naïve and central memory cells [42], reduced numbers of CD4 naïve T cells and reduced
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recent thymic emigrants have been associated with HCV infection, especially if fibrosis is present
[43,44]. This fits with a model in which CD4+ T cells are continuously activated during persistent
HCV infection, especially when the infection aggravates. In subset analyses we demonstrated that
a state of continuous activation in HCV mono-infection did not undermine specific immunity.
However, due to a lack of samples we were unable to investigate the specific repsonses of HIV/
HCV coinfected DU.
The exact mechanisms through which HIV, HCV infection and natural ageing collectively affect
disease progression remains to be resolved. Accumulating evidence points towards a role for
systemic immune senescence affecting multiple organs/tissues. Data from a recent study among IDU
demonstrated that higher levels of interleukin 6, a proinflammmatory cytokine, were independently
associated with HCV monoinfection, HIV/HCV coinfection and increasing age [45]. Decreased
telomere length has also been associated with atherosclerosis and cardiovascular disease, and is
likely to be correlated with interleukin 6 levels [46].
Of interest, MEU IDU tended to have lower levels of immune activation compared to healthy
individuals. Even more, specific responses to viruses like CMV and EBV were enhanced without
causing a more general activation in MEU DU. This special group of IDU has been shown to have
detectable HIV-specific [47] and HCV-specific T-cell responses [48], indicating their exposure to
both infections. The notion of a naturally occurring resistance to certain viral pathogens has major
implications for T-cell vaccine development. In a recent study though, robust activation of natural
killer cells, but not HCV-specific adaptive immune responses, was associated with protection against
infection with HCV among MEU DU [49].
To conclude, we found increased levels of immune senescence early during infection in HCV monoand HIV/HCV coinfected DU. As both viruses have detrimental long-term effects on morbidity
and mortality, these data express the need for early treatment, both for HCV and HIV infection.
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Supplementary figure 1. Flowcytometric analysis of telomere length.
Example of flowcytometric analysis of telomere length by flow-FISH, where calf thymocytes (red) can be distinguished from
lymphocytes (blue), not only by forward and sideward scatter (left panel) but also by the lack of CD3 expression (right panel) (A&B).
The cells were either hybridized to the peptide nucleic acid (PNA) probe (D) or underwent the same experimental conditions without
the PNA probe (c) to account for the level of autofluorescence.
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was considered statistically significant.
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Abstract
Background & Aims: Most studies of progression of chronic hepatitis C virus (cHCV) infection
were conducted in hospital settings and therefore biased for patients with severe disease. We
evaluated the long-term outcomes of HCV infection among injecting drug users, recruited from
outside the hospital setting, and examined the effect of cHCV on mortality after seroconversion.
Methods: We studied data from 106 seroconverters with a documented or estimated date of HCV
seroconversion. Cox proportional hazards analysis was used to determine the effect of HCV
persistence, compared with HCV clearance, on survival following HCV seroconversion. The
median follow-up time was 14.8 y (IQR 7.8–19.6).
Results: cHCV infection developed in 71 of the subjects (67%, 95% confidence interval [CI], 57%–
76%); 33 subjects died. One HCV-related death was observed, 23 years after HCV seroconversion.
Most causes of death were non-natural (n=12) or AIDS-related (n=8). The effect of cHCV on
mortality was nonproportional over time. When survival time was analyzed separately for 0–5 y,
>5–10 y, and >10 y after HCV seroconversion, the age-adjusted hazard ratios for cHCV were
0.59 (95% CI, 0.16–2.20), 1.76 (95% CI, 0.36–8.53), and 8.28 (95% CI, 1.10–64.55), respectively,
compared with resolved HCV infection.
Conclusion: cHCV infection does not affect overall mortality in the first decade after seroconversion,
compared with individuals that resolve HCV infection; however, during the second decade after
infection, individuals with cHCV have increased all-cause mortality. Mortality from liver-related
causes was low, but might have been masked by competing mortality.
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Methods
The ACS is an open and ongoing prospective cohort study among drug users that was initiated
in 1985 [21]. Participation is voluntary and informed consent is obtained at intake for every
participant. ACS participants visit the Public Health Service of Amsterdam every 4 to 6 months.
Standardized questionnaires about their health, risk behavior, and sociodemographic situation
are completed at each visit. Questions about current behavior refer to the period between the
present and the preceding ACS visit. Questions at baseline refer to the period since 1980, since
the start of regular use of hard drugs, or the last six months. At intake, blood is drawn to test for
HIV antibodies by enzyme-linked immunosorbent assays (ELISA) and for storage. In the years
2006 and 2007, all ACS participants who had had at least two visits between December 1985 and
November 2005 (n=1276) were retrospectively tested for HCV and HBV, using the first sample in
each IDU [22]. Third-generation tests were used to detect HCV antibodies (AxSym HCV version
3.0; Abbott, Wiesbaden Germany). Patients who were HCV negative at ACS entry were tested for
HCV antibodies at their most recent ACS visit. HCV seroconversion was defined as the presence
of HCV antibodies in a previously seronegative individual. On finding HCV seroconversion, we
tested samples taken in between these two visits to determine the moment of seroconversion.
The population in the present study comprises all IDU who seroconverted for HCV during follow131
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Introduction
Twenty years after the discovery of the hepatitis C virus (HCV), the progression rate to chronic
liver disease and mortality remains uncertain. Although it has been shown that after primary HCV
infection, persistent viremia will develop in 60% to 85% of patients, putting them at risk for
progressive liver disease [1,2], data on the long-term outcomes are difficult to interpret. First, the
severe sequelae of chronic HCV (cHCV) have been studied chiefly in hospital settings, and thus the
results may have been biased due to the unknown duration of cHCV infection and event-biased
referrals [3-5]. In these studies, estimates of the percentage of patients who developed cirrhosis
range from 4% to 22% after 20 years of HCV infection [6]. In contrast, observational cohort
studies of women in Ireland and Germany who became infected with HCV via administration of
HCV-contaminated anti-D immunoglobulins showed cirrhosis rates of 0 to 0.5% after a minimum
of 20 years of HCV infection [7-9]. Second, death from liver-related causes attributable to cHCV
is poorly defined, and the analyses of outcomes vary by study design [10-13]. Third, more than
two‐thirds of HCV infections in high-income countries are associated with the use of injected
drugs, and injecting drug users (IDU) are at increased risk of premature mortality compared with
other HCV-infected groups because of their lifestyle [14]. Consequently, studies on the impact
of cHCV on mortality rates in IDU are complicated by competing causes of mortality. Fourth,
to determine the impact of cHCV on mortality in community-acquired HCV infection, the
impact on mortality in this group should be compared to that in HCV-resolvers, because these
two groups most likely share important characteristics-unlike a population that is HCV negative
[15,16]. Recently, longitudinal community-based studies showed an impact on all-cause mortality in
patients with cHCV, as compared with HCV resolvers [13,17,18]. However, referral bias and bias
by the unknown duration of cHCV infection may have been present.
Worldwide, the prevalence of HCV in IDU ranges from 44% to more than 95%. [19,20] It is
crucial, therefore, to provide accurate estimates of the future burden of HCV-related disease in
IDU. The Amsterdam Cohort Studies (ACS) on HIV is an ongoing (since 1985) prospective cohort
among drug users, which has retrospectively identified incident HCV and hepatitis B virus (HBV)
infections. Since the ACS has the advantage of extensive follow-up of individuals with a welldefined HCV seroconversion date, we had the unique opportunity to document the long-term
outcome of HCV on survival in IDU with acute HCV, in particular to determine the effect of
cHCV on mortality compared to resolved HCV. In addition, we examined the progression of liver
disease during the first decades of infection by measuring fibrosis markers in the cohort of IDU.
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up (n=59) and IDU who were HCV antibody-positive at ACS entry (n=58), but who had started
using injected drugs within two years before study entry. We defined the probable date of HCV
seroconversion as the midpoint between the last seronegative visit and first seropositive visit. For
those who entered the cohort HCV-positive within two years after they started injecting drugs, we
estimated the date of infection as the midpoint between the date of starting injecting and the study
entry date. HCV viral clearance was defined as two consecutive HCV RNA-negative visits within
two years after HCV seroconversion.
To determine HBV status, stored serum samples were retrospectively tested for anti-HBc by the
same algorithm as for HCV (axSym Core, Abbott, Germany and Hepanostika; Organon Technika,
Netherlands). To identify individuals with active HBV infection, the presence of HBV surface
antigen (HBsAg) was determined (AxSym HBsAg, Abbott, Germany).
Reverse-transcription polymerase chain reaction (RT-PCR) methods
We measured HCV RNA at a minimum of four time points around acute infection: the last
visit before HCV seroconversion (the last HCV antibody-negative visit), two visits shortly after
the estimated date of HCV seroconversion, and a visit approximately two years after HCV
seroconversion. In those individuals who were HCV antibody-positive at entry, HCV RNA was
measured at study entry and at one visit at about two years after study entry. HCV RNA was also
measured at their last visit or second-to-last visit before death. Further, as reported in a previous
study, a subset of HCV seroconverters from the ACS, mainly HCV resolvers, had additional serial
serum samples measured for HCV RNA [23]. All serum samples were tested for the presence of
HCV RNA using an in-house quantitative real-time PCR based on the conserved 5’-UTR, and
genotyping was performed as described in detail by van de Laar et al. [23].
Causes of death
Every year, those lost to follow-up are matched against the local and national registries to obtain
information about their vital status. COD were actively and systematically obtained, if available,
from hospitals, general practitioners, the national HIV monitoring foundation, [24] or coroners.
Data were collected on the primary COD, contributing COD, and underlying COD. For the
present study, COD were grouped into five categories on the basis of the primary COD: liverrelated, AIDS/HIV-related, natural COD, non-natural COD (overdose, accident, and suicide), and
unknown COD.
Biological markers of fibrosis
To determine progression of liver disease, we analyzed fibrosis markers at two time points, namely
within two years after HCV seroconversion (T=1) and the second-to-last sample before death or
a serum sample obtained at the last visit before December 2005 (T=2). Using stored sera, alanine
amino transaminase (ALT), aspartate aminotransaminase (AST), gamma-glutamyl transpeptidase
(GGT), and albumine (ALBU) were determined by spectrophotometry on a P800 unit of a
modular analytics serum work area from Roche Diagnostics (Basel, Switzerland). Haptoglobine
(HAPT) was measured by turbidimetry on a P800 unit of a modular analytics serum work area
from Roche Diagnostics (Basel, Switzerland). Alpha fetoprotein (ALFO) was measured by
electro-chemiluminescence on an E170 unit of a modular analytics serum work area from Roche
Diagnostics (Basel, Switzerland). Alpha2-macroglobulin (A2MA) was measured in serum samples
by nephelometry on BN ProSpec (Siemens, Germany). Apolipoproteine A1 (APA1) was measured
by immunoturbidimetry on Architect (Abbott Laboratories, USA).
Since single markers are not a satisfactory tool for assessing the amount of liver damage we used
the Fibrotest®, an algorithm that combines the effect of multiple biomarkers to assess for liver
damage [25]. Fibrotest® has been validated in several hepatitis C cohorts, although an independent
study could not confirm this [26]. Since we did not have serum levels of bilirubin, we used a
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fixed level of 12 µmol/L for the algorithm. The formula used is available on the USPTO Website
(http://www.uspto.gov; Patent No 6,631,330).

Results
In the ACS, 59 participants had a documented HCV seroconversion (HCV antibody-negative visit
followed by a HCV antibody-positive visit); of these, 55 had sufficient follow-up or serum or
both to distinguish between cHCV and resolution. Another 58 participants were included based
on HCV antibody-positivity at entry in the ACS and on the start of injecting drug use within two
years before study entry; of these, 51 had sufficient follow-up or serum or both. A total of 106
IDU were included in the analysis. For the 55 HCV seroconverters, the median interval between
last negative and first positive HCV visit was 0.4 years (interquartile range (IQR) 0.3–1.3 years).
The median duration of drug use before study entry for HCV-prevalent IDU was 1.2 years (IQR
0.3–1.5 years).
Table 1 presents the baseline characteristics of the 106 IDU. The median age of the IDU at the
estimated date of HCV seroconversion was 28 years (IQR 25–35 years), 59% were male and 86%
had Dutch nationality. Prior to, or coincident with HCV seroconversion, six IDU were coinfected
with HBV (anti-HBc-positive, anti-HBsAg-positive) only, two were HIV and HBV coinfected and
11 were HIV coinfected only. During follow-up, 18 out of 93 at risk acquired HIV. In total, 71
out 106; 67% (95% CI 57%–76%) developed cHCV infection following HCV seroconversion.
The median follow-up after HCV seroconversion was 14.4 years (IQR 7.3–19.3 years) for those
(n=71) who developed cHCV infection, and 17.5 years (IQR 9.5–20.4 years) for those (n=35) who
133
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Statistical analysis
Using the Kaplan-Meier method, we estimated mortality from any cause. Cumulative incidence
curves were estimated for the five categories of COD within a competing-risks framework. We
determined the effect of cHCV versus HCV-clearance on survival using Cox proportional hazards
analysis. Follow-up time was calculated from the estimated HCV seroconversion date till death,
HCV-treatment start, loss to follow-up, or date of analysis (September 1, 2009), whichever occurred
first. IDU who started injecting within two years before inclusion into the ACS were included in the
risk set on their enrollment date (ie correction for left truncation was applied).
Including cHCV versus HCV-clearance and age as fixed variables in the model, multivariate models
were built using backward–stepwise techniques. Likelihood ratio tests were used to derive P values.
Variables with a univariate P value <0.20 were considered as potential independent determinants.
A P value <0.05 was considered statistically significant. Evaluated potentially confounding factors
included sex, recent injecting drug use, frequency of injecting, borrowing needles, age at HCV
infection, homelessness, alcohol intake, HIV and HBV status. Variables subject to change (e.g.
HIV status, injecting drug use, calendar time) were treated as time-dependent covariates. We
used calendar time as a proxy for the introduction and widespread use of effective combination
antiretroviral therapy (cART) because of the increasing survival of HIV-infected individuals. We
defined two calendar periods, pre-1997 and 1997 onwards, to reflect the pre-cART and cART eras,
respectively.
To evaluate the progression of liver disease, we used cross-sectional data analysis on biomarkers of
fibrosis and outcome of Fibrotest® at the two time points described previously. Data on fibrosis
markers were stratified for those with cHCV and HCV-resolvers at T=1 and T=2. By subtracting
the outcomes of the serum levels of the first time point from the second time point, we evaluated
whether there were significant changes in serum levels over time, using the Wilcoxon signed-rank
test. Biomarkers of those with cHCV and HCV resolvers were compared using the Mann-Whitney
U test. We also compared biomarkers for cHCV and HCV-resolvers, both stratified for outcome
(alive or dead) using the Kruskal-Wallis test.
R statistical software, version 2.8 [27] and SPSS statistical software were used for the data analysis.

Table 1. Characteristics at first visit following HCV seroconversion and follow-up of 106 IDU
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with 1.acute
HCV, Amsterdam
Cohort
Study.
Table
Characteristics
at first visit following
HCV seroconversion
and follow-up of 106 IDU with acute HCV, Amsterdam Cohort
Study.
Baseline
Number (%)
Male sex (%)
Dutch nationality (%)
Age at HCV seroconversion (median, IQR)
HBV status
HBsAg-negative (%)
HBsAg-positive (%)
HIV infection/seroconversion (%)
Alcohol intake (drinks/day)
<2 (%)
≥2-<10 (%)
≥10 (%)
Missing
Homelessness
Yes (%)
No (%)
Missing (%)
Injecting drug use (in the previous 6 months)
Yes (%)
No (%)
HCV Genotype (among those with detectable
viral load)
1 (%)
2 (%)
3 (%)
4 (%)
Log HCV viral load
≤ 3 (%)
>3 - 4.9 (%)
≥ 4.9 (%)
6
CD 4 cell counts* x10 cells/L (median, IQR)
Follow-up
Follow-up time (median, IQR)
HIV seroconversion
Total deaths (%)
Age of death (median, IQR)
Causes of death
AIDS
Non-natural
Natural
Liver-related
Unknown

Total
106 (100)
62 (59)
91 (86)
28.5 (24.7-34.6)

cHCV
71 (67)
48 (67)
60 (85)
29.3 (26.4-34.6)

Clearance
35 (33)
14 (40)
31 (89)
27.0(23.6-29.9)

98 (92)
8 (8)
13 (12)

69 (97)
2 (3)
11 (16)

29 (83)
6 (17)
2 (6)

46 (28)
7 (8)
9 (8)
44 (49)

28 (24)
7 (10)
5 (7)
31 (56)

18 (37)
0 (0)
4 (9)
13 (51)

12 (11)
53 (50)
41 (39)

9 (13)
34 (48)
28 (49)

3 (9)
19 (54)
13 (37)

93 (88)
13 (12)

63 (89)
8 (11)

30 (86)
5 (14)

30 (28)
6 (6)
26 (25)
5 (5)

29 (41)
6 (9)
23 (32)
5 (5)

1 (3)
0 (0)
3 (9)
1 (3)

63 (60)
23 (22)
20 (19)
410 (300-750)

31 (44)
23 (32)
17 (24)
410 (300-830)

32 (91)
0 (0)
3 (9)
480 (400-560)

14.8 (7.8–19.6)
18
33
36.7 (32.0–43.2)

14.4 (7.3–19.3)
15
26
38.5 (33.6–45.9)

17.5 (9.5–20.4)
3
7
32.2 (30.0–36.6)

8
12
8
1
4

8
7
6
1
4

0
5
2
0
0

* shown for the HIV-infected participants only.
HBV,
hepatitis
HCV, hepatitis C virus;
IDU, injecting
drug users; IQR, inter quartile range.
* shown
forB virus;
the HIV-infected
participants
only.

HBV, hepatitis B virus; HCV, hepatitis C virus; IDU, injecting drug users; IQR, inter quartile
range.

spontaneously resolved their HCV infection. During the study period, six IDU who had cHCV
started treatment with pegylated interferon-alpha and ribavirin; September 5, 2005, was the earliest
start date. The median time from HCV seroconversion to the start of HCV treatment was 13.5
years (IQR 12.8–17.8 years).
Cause-specific mortality
During 1450 person-years of observation, 33 of the 106 IDU died. The median age at death was
38 years (IQR 34–46 years) in the cHCV group and 32 years (IQR 30–37 years) in the group of
resolvers. A cause of death was available for 29/33 (88%) cases. Major COD were AIDS (n=8)
and non-natural COD (n=12) (Table 1). The median CD 4 count for HIV-positive participants at
their last visit before death (n=15) was 170 cells mL-1 (IQR 47-337 cells mL-1), median HIV RNA
levels were 45*103 copies mL-1 (IQR 4.2*103-110*103 copies mL-1). Out of these 15 participants 13
received cART at their last visit before death. We observed one liver-related death. This participant
was HIV positive and died from a hepatocellular carcinoma 22.9 years after HCV seroconversion.
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Figure 1. Cumulative incidence for cause-specific mortality among IDU (those with cHCV and HCV resolvers) since HCV
seroconversion.
cHCV, chronic hepatitis C virus; HCV, hepatitis C virus; IDU, injecting drugs users.

Post-mortem analysis of two IDU revealed liver cirrhosis; however, this was classified as a
contributing cause of death at 12 years following HCV seroconversion for only one participant.
The other patient seroconverted for HCV in 1991, cleared the virus, was reinfected in 1994, and
died from an overdose in 1996. The development of liver cirrhosis due to HCV seems unlikely in
this case and may have been due to chronic HBV infection (anti-HBc-positive, HBSAg-positive).
There were no signs of cirrhosis or end-stage liver disease reported in the remaining cases.
In order to investigate the likelihood of mortality from each cause over time, we constructed causespecific, cumulative-incidence curves (Fig.1). Non-natural COD was the most common and was
the first to occur after HCV seroconversion. Death from AIDS/HIV occurred at a similar rate
over time, but started later following HCV seroconversion than non-natural causes of mortality.
HIV seroconversion usually occurs later than HCV seroconversion because of the differences in
the transmission probability of both viruses. At 20 years following HCV seroconversion, 0.00%
(95% CI 0.00%–0.00%), 10.25% (95% CI 2.96%–17.00%), and 9.09% (95% CI 2.75%–15.02%)
IDU had died from liver-related, AIDS/HIV, and natural causes, respectively.
Effect of cHCV on mortality
In a Cox proportional hazards model, cHCV was not significantly associated with all-cause mortality
in univariate analysis (HR 2.02, 95% CI 0.87–4.66), Table 2. In contrast, HIV coinfection (HR 2.23,
95% CI 1.12–4.44) was significantly associated with all-cause mortality. In multivariate analyses,
HIV coinfection became borderline significant. After adjusting for time-updated HIV status, the
HR of all-cause mortality for cHCV became 1.71 (95% CI 0.72–4.11). However, the relative hazard
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Table
2. Determinants
of progression
from HCV
seroconversion
Amsterdam
Cohort
Study among
drug
users. to all-cause mortality, Amsterdam Cohort Study among drug
users.
HR

Univariate
95%CI

1
0.59

0.28–1.25
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*

Sex
Male
Female
HIV Status
Negative
Positive
HCV Clearance
Clearance
Chronic HCV
HBV Status
HBsAg-negative
HBsAg-positive
Alcohol intake (drinks/day)
<2
≥2 <10
≥10
Unknown
Age (per year)
Calendar period of follow-up
<1997
≥1997
Injecting drug use (in the previous 6
months)
No
Yes
Frequency of injecting drug use (in
previous 6 months)
No injecting drug use
Daily
>Daily <Weekly
>Weekly <Monthly
Borrowing of needles
No
Yes
Homelessness
No
Yes
Unknown

1
2.23

1.12–4.44

1
2.02

0.87–4.66

1
2.10

0.73–6.00

1.00
1.23
2.51
1.09
1.00

0.42–3.65
1.00–5.98
0.23–5.08
0.96 –1.06

1
0.56

0.20–1.55

$

p
0.16
0.03
0.08
0.21

Multivariate
95%CI

*

HR

p

0.05

1
2.01

0.99 – 4.06

1
1.71

0.72 - 4.11

0.20

0.30

0.69
0.26

0.64
1
1.18

0.58–2.45
0.15

1
1.66
0.26
1.48

0.67–4.07
0.03–1.99
0.60–3.62

1
1.09

0.89–1.33

1
2.12
1.15

0.63–7.14
0.00–5.33

0.45
0.54

$

HR,
hazard
ratio derived
from Coxhazards
proportional
adjusted
**HR,
hazard
ratio derived
from Cox proportional
models; $ hazards
adjusted formodels;
age
HBV,
hepatitis
B virus;
hepatitis
C virus;
IDU, injecting
drugIDU,
users injecting drug users
HBV,
hepatitis
BHCV,
virus;
HCV,
hepatitis
C virus;

for age

for cHCV was not constant over time (ie, deviated from proportionality) (Fig. 2). Studying survival
time separately for 0 - 5 years, ≥5 - 10 years and ≥ 10 years after HCV seroconversion, the ageadjusted HR became 0.59 (95% CI 0.16–2.20), 1.76 (95% CI 0.36-8.53) and 8.28 (95% CI 1.1064.55), respectively; P=0.03. This indicates that the effect of cHCV on mortality became significant
only after 10 years following HCV seroconversion.
Next, we examined the interaction between cHCV and HIV status on all-cause mortality by
combining both cofactors. The age-adjusted HRs for the stratified groups were: HCV-clearance/
HIV-negative HR 1.00, (reference); cHCV/HIV-negative HR 1.39 (95% CI 0.53-4.21 ); HCVclearance/HIV-positive HR 0.50 (95% CI 0.00-4.43); and cHCV/HIV-positive HR 3.62 (95% CI
1.44-10.64); overall P<0.01.
In sensitivity analysis, we found comparable results when applying different censoring strategies
regarding follow-up (ie, censoring those that remained alive at their last study visit) and treating
HCV-resolvers as a time-dependent covariate using HCV RNA data more than 2 years after
HCV seroconversion (ie, HCV resolvers are at risk for cHCV after reinfection). Finally, despite
left truncation at study entry for prevalent cases, immortal time bias might have been present
in our study because study participants cannot die from the time of HCV seroconversion until
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Figure 2. Survival of HCV-infected IDU with cHCV and HCV resolvers according to time since HCV seroconversion.
cHCV, chronic hepatitis C virus HCV, hepatitis C virus; IDU, injecting drug users.

determination of the main cofactor of interest (cHCV or spontaneous clearance). However,
none of the 11 cases, that did not have sufficient study visits and serum samples to determine
chronicity status and were excluded from the analysis, died within the first two years after HCV
seroconversion. In an additional analysis, individuals were considered at risk for death from the
date of diagnosis of cHCV or spontaneous clearance. Results from the additional analysis were
comparable to the original analysis.
Biomarkers of fibrosis
At the first time point (T=1), we found significant increased serum levels of ALT (P=0.002), AST
(P=0.002), GGT (P=0.001), and ALFO (P=0.014) in cHCV when compared to HCV resolvers (see
Table 3). At the end of follow-up (T=2), we found significantly increased serum levels of cHCV
again for ALT (P=0.022), AST (P=0.045), and GGT (P=0.03) as compared to HCV resolvers.
ALFO did not significantly differ between cHCV and resolvers at the end of the follow-up. For
all investigated biomarkers, we found no significant difference in changes in markers from T1 to
T2 within and between cHCV and resolvers. Next, we compared biomarkers for four groups:
cHCV and HCV resolvers, both stratified for outcome (alive or dead). No statistically significant
differences for each biomarker across these four groups and within each group over time were
found (data not shown). Using the algorithm for Fibrotest® we found no significant difference for
those with cHCV versus HCV resolvers at both time points and changes over time (T2 minus T1)
in the level of fibrosis.
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HCV resolver
n=21
0.94 (0.75- 1.20)
12.0 (7.50 – 29.0)
31.0 (27.0 – 51.0)
2.28 (1.79 – 2.89)
1.37 (0.76 – 1.67)
68.0 (57.5 – 81.5)
17.0 (11.5 – 32.0)
45.0 (43.5 – 47.0)
1.54 (1.30 – 1.71)
p
0.002
0.002
0.46
0.20
0.014
0.001
0.44
0.32

T=2
cHCV
n=45
11.1 (4.99 – 12.9)
23.0 (14.5 – 63.0)
58.0 (37.0 – 115.0)
2.38 (1.86 – 3.03)
1.13 (0.59 – 1.52)
82.0 (65.5 – 100)
46.0 (23.5 – 99.0)
45.0 (41.0 – 48.0)
1.47 (1.35 – 1.77)

Table 3. Analyses of single biomarkers for progression of liver fibrosis. *

T=1
cHCV
n=48
0.87 (0.49-1.10)
31.0 (17.3 – 89.5)
61.5 (39.3 – 136.8)
2.05 (1.77 – 2.59)
0.96 (0.70 – 1.43)
80.5 (66.3 – 97.8)
46.0 (24.3 – 109)
44.5 (42.3 – 48.0)
1.48 (1.17 – 1.76)

Table 3. Analyses of single biomarkers for progression of liver fibrosis. *

Time years (IQR)
ALT IU/L (NR <45)
AST IU/L (NR <40)
A2MA g/L (NR 1.3-3.0)
HAPT g/L (NR 0.3-2.0)
ALFO U/L (NR 40-120)
GAGT U/L (NR <50)
ALBU g/L (NR 35-50)
APA1 g/L (NR1.10-1.80)

HCV resolver
n=24
8.47 (5.49 – 15.1)
15.0 (8.00 – 30.0)
36.5 (28.0 – 70.8)
2.18 (1.92 – 3.13)
1.23 (0.83 – 1.77)
68.5 (57.0 – 94.3)
23.0 (17.0 – 61.3)
46.5 (41.3 – 49.5)
1.56 (1.38 – 1.85)

p
0.022
0.045
0.76
0.15
0.13
0.03
0.34
0.23

0.00 (-15.3 – 17.0)
2.00 (-8.25 – 23.8)
-0.11(-0.47 – 0.33)
0.11 (-0.47 – 0.40)
4.00 (-10.8 – 27.3)
8.50 (-14.3 – 37.8)
1.00 (-4.00 – 4.00)
0.21 (-0.16 – 0.36)

Difference T2 minus T1
cHCV
HCV resolver
n=39
n=18

-9.00 (-42.5 – 14.5)
-7.00 (-78.5 – 20.0)
0.07 (-3.50 – 1.10)
-0.12 (-0.45 – 0.28)
-4.00 (-22.0 – 20.0)
-2.00 (-28.5 – 19.5)
0.00 (-0.30 – 3.50)
0.40 (-0.11 – 0.28)

p

0.65
0.26
0.18
0.68
0.35
0.19
0.86
0.50

* T=1 contains results of biomarkers from samples available within two years after HCV seroconversion (n=69). T=2 contains results of the second-to-last sample before death or a
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serum
sample
obtained
at the last
visit before December
2005 (n=69).
Duewithin
to availability
of samples
numbers
differ between(n=69).
T=1 andT=2
T=2 contains
for cHCV and
HCVofresolvers.
A total of 57
* T=1
contains
results
of biomarkers
from samples
available
two years
after HCV
seroconversion
results
the
participants
had analyzed
samples
at T=1
(within
years)sample
and T=2.
Time in years
calculated
from the
estimated date
HCV seroconversion
until T=1ofand
T=2. Data are median
second-to-last
sample
before
death
or atwo
serum
obtained
at theis last
visit before
December
2005of(n=69).
Due to availability
samples
values
(IQR) fordiffer
T=1 and
T=2 or T=1
median
(IQR)
of and
T2 minus
numbers
between
and
T=2difference
for cHCV
HCVT1.
resolvers. A total of 57 participants had analyzed samples at T=1 (within two years)
and T=2. Time in years is calculated from the estimated date of HCV seroconversion until T=1 and T=2. Data are median values (IQR) for T=1
and T=2 or median (IQR) difference of T2 minus T1.
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Discussion
Our study shows no impact of cHCV on overall mortality in the first decade of follow-up, as
compared with HCV resolvers. However, during the second decade after infection, cHCV-infected
participants are at increased risk of mortality as compared with HCV resolvers. High rates of
mortality were evident in those with cHCV and HCV resolvers, but were predominantly attributed
to non-natural causes and AIDS. We observed only one liver-related death in an IDU with cHCV
and HIV coinfection, which occurred almost 23 years after HCV seroconversion. We demonstrate
that competing COD should be taken into account when evaluating mortality in IDU. To our
knowledge, this is the largest study on the natural history of community-acquired HCV in IDU
with a documented HCV seroconversion interval and extensive follow-up. By comparing cHCV
participants with HCV resolvers, we were able to compare groups that are likely to share the same
high-risk behavior.
Previous studies found significantly higher mortality rates in cHCV-infected patients with an
unknown duration of HCV infection as compared with HCV-negative patients. [13,15,16,28,29]
However, the few studies that actually compared cHCV with HCV resolvers are inconsistent in
their findings. A study in patients from Denmark shows an increase in mortality in those with
cHCV as compared with HCV resolvers during the first decade after study inclusion [17]. Two
community-based studies in IDU showed no significant difference in mortality rates between those
with cHCV and HCV resolvers [18,28]. Unfortunately, these studies were biased by the unknown
duration of infection since HCV-prevalent cases were studied [17,18,28], and a relatively short
median follow-up of 6.8 years [28]. We show that in our high-risk population of injecting drug
users, competing causes of mortality have a substantial impact, and in fact, may outcompete the
impact of cHCV on mortality. However, in the second decade after HCV seroconversion, we do
observe a statistically significant increased hazard of all-cause mortality in those with cHCV as
compared to HCV resolvers. After combining HIV status with cHCV and HCV resolvers we found
that cHCV-positive/HIV-positive coinfection was significantly associated with all-cause mortality
(HR 3.62, 95% CI 1.44-10.64) when compared with HCV resolvers/HIV-negative. CHCV/HIVnegative was not significantly associated with all-cause mortality (HR 1.39, 95% CI 0.53–4.21)
when compared with HCV resolvers/HIV-negative. The impact of cHCV/HIV-positive on allcause mortality might be explained by the observation that HIV-positive coinfection accelerates
cHCV disease progression [30].
Competing mortality may mask cHCV sequelae, therefore we also analyzed biomarkers for liver
fibrosis. We found a significant increase in participants with cHCV for ALT, AST, and GGT serum
levels at a median of almost one year after HCV seroconversion, as compared with HCV resolvers.
At the second time point (T=2, median 10 years since seroconversion), these differences persisted.
It is tempting to relate the significant difference for these biomarkers at the second time point to
liver damage, however we did not observe a statistically significant increase in marker levels over
time (T2 minus T1). This suggests that serum levels reach a set point in the beginning of the cHCV
infection that remains stable for a considerable number of years. When we used the algorithm of
the Fibrotest®, again there was no difference in level of fibrosis at T=1, T=2, and T2 minus T1
between cHCV and resolvers. A limitation of our study was that bilirubin could not be determined
on the stored serum. We believe using a relatively low level of bilirubin in the algorithm to be
valid, since billirubin usually increases in end-stage liver disease/severe liver cirrhosis [31]. Also, we
found no sign of jaundice during medical examination at T=2.
The main methodological issue involved in this study is the relatively small sample size, as expressed
by the wide confidence intervals. Because of our relatively small study population, we were not able
to examine the effect of cHCV on cause-specific mortality. Although we provide useful estimates
of disease progression, the results remain preliminary and larger studies in HCV seroconverters
are needed. Other limitations of our study include that 51 out of 106 participants entered the
cohort as prevalent cases for HCV infection. Therefore, a bias for those that were likely to survive
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to be among those included was created. However, we corrected for left truncation in the analysis.
Also, there was uncertainty as to the moment of infection in the prevalent cases. We believed that
we could minimize this bias by only including IDU who started injecting within two years before
inclusion into the study. In an earlier report, we have shown that approximately 50% of IDU in the
ACS become infected with HCV within two years after initiating injecting drug use [22]. Competing
mortality may have masked significant HCV-related liver disease that was not yet sufficient to cause
mortality. Although we evaluated single markers of liver fibrosis and the Fibrotest® to assess the
severity of liver disease, the golden standard is a liver biopsy. However, due to the retrospective
nature of our study we were not able to include liver biopsies. Therefore HCV sequelae might have
been underdiagnosed.
To conclude, our study found no statistically significant overall effect of cHCV on mortality in IDU,
except for cHCV/HIV-positive participants when compared with those who were HCV resolvers/
HIV-negative. It is evident from our study that competing causes of mortality should be taken into
account when evaluating the burden of HCV infection in IDU. Our data suggest that the generally
accepted estimates of disease progression may overestimate the rate of disease progression and
that prediction models based on these estimates may, therefore, inflate the possible future burden
of disease [32]. However, we did observe an increased risk for mortality in the second decade after
HCV seroconversion. This result highlights the importance of diagnosing and treating patients with
cHCV. Larger studies and extended follow-up are needed to accurately estimate HCV outcomes in
the decades that follow acute HCV infection.
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Chapter 4
General discussion

General discussion
The studies in this thesis were performed to improve our understanding of the risk, the disease
progression and the long-term complications of HCV infection in PWID and HIV-coinfected
MSM.
Changing epidemiology
Declining trends in PWID
People who inject(ed) drugs (PWID) are at increased risk of contracting hepatitis C virus (HCV)
through exposure to infected blood. Using sequence analysis it was estimated that the epidemic
of HCV infection among PWID in Europe started between 1924 and 1953 [1]. With the rise of
injecting drug use in Amsterdam in the late 1960s, HCV-infection prevalence peaked to over 90%
among PWID in the late 1980s [2]. From 1990 onwards we observed a steep decline in the HCV
incidence among PWID followed in the Amsterdam Cohort Studies (ACS), see figure 1.
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Figure 1. Observed (dotted line) and fitted incidence (solid line) of HCV (left panel, green line) and HIV (right panel, blue line)
infections among people who inject(ed) drugs in the Amsterdam Cohort Studies, the Netherlands. The shaded area represents the
95% confidence interval for the fitted incidence.

Although the decrease was comparable for human immunodeficiency virus (HIV) and HCV infection,
the HCV incidence was about four times higher than the HIV incidence [3]. The decreasing trend in
HIV incidence is in line with other longitudinal studies and data from surveillance systems on drug
using populations in other high-income countries [4,5]. In chapter 2.1 we updated the data from
the ACS and confirmed the continued decline in HIV incidence and injecting risk behavior among
drug users. In contrast to an earlier observation in the ACS, where sexual risk behavior remained
substantial, we found a decline in sexual risk behavior in recent years [6]. The declining trend in
self-reported use of needle exchange, as observed in this study, is confirmed by a reduction in the
absolute number of exchanged needles per calendar year in Amsterdam, which peaked in 1992 with
1,100,000 needles, whereas since 2012 only around 150,000 needles have been exchanged per year
[7].
The Netherlands is known worldwide for its low threshold harm-reduction programs with
interventions targeted at minimizing harm to PWID at the individual level but also minimizing
harm from drug use to society at large. The decline in incidence of HIV and HCV infections seem
inextricably linked with harm-reduction programs. A study to evaluate the effect of harm reduction
by needle exchange programs and opiate substitution therapy on HIV incidence among PWID
from the ACS found that the combination of these services was associated with a lower risk of
144

New epidemic among MSM
Since the year 2000, a rapid increasing incidence of HCV infection in HIV-infected men who
have sex with men (MSM) has been observed in Asia, Australia, Europe, and the United States of
America [21-25]. An international phylogenetic study revealed a large international MSM-specific
HCV transmission network [26]. This network differed from networks associated with injecting drug
use, but coincided with the introduction of cART. In the mid 1990s, following the introduction of
cART, an increase in sexual risk behavior and sexually transmitted infections was observed among
MSM [27,28]. Mucosal damage through sexual practices (e.g., fisting, toys) and STIs are considered
to be risk factors for HCV acquisition [29]. In addition, although cases of sexually transmitted HCV
infections have been reported in HIV-negative MSM, HIV is likely to be an important factor in
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acquiring HIV and HCV infection [8]. This has been confirmed by recent studies [9-11]. However,
it must be noted that several other factors can explain these declines. First, the decline could reflect
the natural course of an epidemic. If a population is more or less stable in number and a pathogen
is introduced the incidence will follow a Gaussian distribution. When the number of individuals
increases, the number of individuals at risk will decrease, ultimately resulting in a decrease in
incidence. Second, due to premature mortality of those with the highest risk behavior the chance
of spreading pathogens to uninfected individuals also decreases over time. A modeling study by
de Vos et al, based upon data of PWID from the ACS, demonstrated that a substantial part of the
decline in HIV and HCV incidence and HIV prevalence could indeed be explained by a decrease in
the number of high-risk individuals in the population due to HIV-related mortality [12]. In addition,
availability of treatment for HIV and HCV infection might contribute to a declining trend [13].
However, it was estimated that use of combination antiretroviral therapy (cART) reduced the HIV
incidence in Amsterdam with only 2%, as especially PWID in the early cART era received cART at
low CD4 T cell counts, thereby increasing the time they could affect others [14,15].
Alternative explanations for the decreases in HIV and HCV incidence could include the ageing
population of the ACS and Amsterdam PWID in general, with an average age of about 50 years
[7]. With increasing age the risk behavior declines [16]. Unlike other countries the Netherlands has
a low incidence of new injectors. Whether young people are discouraged from injection drug use
through (in)direct education, fear of the “junky-status” [17], or that other (non-injecting) alternative
drugs are more popular, more easily available, and fulfill the expectations sufficiently remains to be
investigated.
Clearly the situation in the Netherlands is unique and often serves as a best practice for countries
with ongoing epidemics of HIV/HCV infections. However tides can change through macroeconomic changes affecting social structures, public health implementations, and vulnerable
populations. In 2011 a staggering 1600% increase of HIV infections among PWID was observed
in Athens, Greece, which is likely to be associated with the global financial crisis that had (has)
a particularly large negative impact on the gross domestic product of Greece [18]. In addition,
Romania reported an HIV and HCV infection outbreak among PWID in 2011 and 2012 [19]. Even
though it is difficult to demonstrate a relation between an economic crisis and an increased infection
rate, it does emphasize that new outbreaks of infectious diseases among PWID could be waiting
in the wings. Adequate coverage of harm-reduction programs is essential, not only for maintaining
stable low-incidence rates of HIV and HCV infection at today’s levels, but also for monitoring new
outbreaks and trends in drug use. Moreover, harm-reduction programs give access to screening and
to treatment of HIV, HCV, and other infections [20].
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transmission [30]. However, it remains difficult to prove sexual transmission as an infection mode
of HCV, as multiple risk factors for HCV infection often coexist in individuals at risk. Current
evidence suggests that, during the 1980s, there were multiple independent introductions of HCV
from PWID populations into the MSM population [29]. However, if injecting drug use had been a
major transmission mode among MSM during the 1980s, one would have expected a higher HCV
incidence than observed in this group during that period. It remains intriguing that in Amsterdam
the HCV incidence declined to less than 1 case per 100 person-years among PWID from 1996
onwards but increased drastically among MSM from 2000. In contrast to other countries such as the
United States of America and Switzerland, the HCV incidence among MSM in Amsterdam seems
to be leveling off [31]. Whether this is due to public health interventions and increased awareness, a
decreased number of uninfected individuals in the susceptible pool (saturation effect), or a temporal
trend remains unclear. Monitoring of the HCV incidence and prevalence among MSM and regular
testing of HIV-infected MSM remains important. HIV-negative MSM who inject drugs should also
be tested for HCV.
Risk of HCV reinfection
Although PWID account for the majority of new (80%) and existing (60%) cases in high-income
countries [32], recent estimates show an annual HCV treatment uptake of 1–6% among PWID
[33,34]. There are still barriers to receiving treatment, including concerns about treatment adherence,
HIV coinfection, and the potential for reinfection following successful HCV treatment. Studies on
the risk of reinfection among PWID after successful treatment are scarce. In order to overcome
this barrier we investigated the risk of reinfection following successful treatment among PWID
in Amsterdam in chapter 2.2 where we found a low risk of 0.76 cases per 100 person-years. The
incidence increased to 3.42 cases per 100 person-years when we only included PWID who were
actively injecting in our analysis. These results were lower than those found in a recent meta-analysis
on the incidence of reinfection after successful treatment [35]. The pooled estimate of reinfection
among all study participants was 2.36 (95% confidence interval (CI) 0.91-6.12) per 100 person-years.
When the analysis was stratified to those who reported injecting drug use post-treatment, the pooled
estimate of HCV reinfection was 6.44 (95% CI 2.49-16.69) per 100 person-years. This difference
between the pooled and Amsterdam estimates among all study participants could be explained by
the decreased risk behavior of ACS participants. Moreover, those treated might be a selected group
at lower risk of reinfection. The local HCV epidemic situation, education, and counseling on the
risk of HCV reinfection might also explain differences between studies and regions.
In our study, chapter 2.2, we found that 10% of PWID were actively injecting drugs during HCV
treatment, and after treatment this increased to 20%. Unfortunately, our study size was too small to
further investigate re-initiation of injecting drug use following treatment. Future studies are needed
to investigate this and whether this relapse is associated with treatment failure or severe side effects
from PEG-IFN. It is anticipated that due to future scale-up of (interferon-free) HCV treatment,
high-risk individuals are more likely to be treated, thus stressing the importance of counseling
reinfection risk and monitoring reinfections.
In contrast to previous studies we used phylogenetic analyses to distinguish HCV relapse from
reinfection in case of infection with same HCV subtype. The re-emergence of viral RNA during
or following treatment does not necessarily indicate treatment failure (relapse) but could be due
to reinfection, which clearly has a different clinical implication. Using part of the NS5B gene to
discriminate between viral strains should be sufficient in an established epidemic as is the case for
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HCV infection among PWID. However, in a relatively small and emerging HCV epidemic such as
that which occurred among HIV-positive MSM following the introduction of cART, identification
of new infections with the same genotype as the original one can be challenging, in particular
for patients with persistent viremia or a relapse following treatment. The NS5B region has an
insufficient phylogenetic signal for discriminating reinfection with the same subtype from relapse in
these settings. 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 (HVR1).
Only two studies to date have investigated the rate of HCV reinfection among HIV-positive MSM
following successful HCV treatment. The reinfection rate was 9.6 cases and 15.2 cases per 100 personyears in studies from the United Kingdom and the Netherlands respectively [36,37]. In Chapter 2.4
we extended the latter study and estimated the incidence of new infections with the original or
different genotype in both persistent and cleared acute HCV infections among MSM using frequent
sampling. We sequenced a genetically highly diverse fragment of the second envelope gene (E2)
that includes HVR1. First of all, we found a reinfection rate following spontaneous and treatment
induced clearance of 14.5 cases per 100 person-years, in line with the previous finding. Interestingly,
additional analyses showed a significant reduced hazard of new infections (i.e., reinfections) with the
original genotype as compared to new infection with a different genotype. This could be suggestive
of a partial protection against the genotype present at the primary infection.
The comparison of new infections with the original genotype versus new infections with a different
genotype to the original using a competing risk framework has not been previously studied.
Our finding of reduced hazard of reinfections with the original genotype should be repeated in
larger studies with frequent sampling, phylogenetic testing, and also among other risk groups. An
alternative explanation for reduced hazard of reinfections with the original genotype could be that
MSM do not change their risk behavior but enter a different MSM network where other HCV
subtypes are circulating. However, separate epidemiological HCV transmission networks were not
revealed among MSM in Amsterdam [38].

Taken together, the data suggest that these days the risk of reinfection following successful
treatment is lower among PWID than MSM in Amsterdam, in line with the patterns of HCV
infection spread among the naïve population. Therefore, active drug use should not preclude access
to HCV treatment. In contrast to PWID in Amsterdam, MSM are treated in the acute or early phase
of infection. This means that they might have had less time to adapt their risk behavior and might
more easily fall back into the risk behavior practices of their network. Investigation of the impact
of HCV treatment on risk behavior and the duration of risk reduction could inform prevention
programs targeted at risk reduction during and post treatment of HCV infection.
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Disease progression
Understanding the natural course of infection of HCV can lead to important insights into the
immunopathogenesis of the infection and may provide clues valuable for antiviral treatment or
vaccine development. Treatment success with PEG-IFN and RBV are higher when individuals are
treated during acute HCV infection than when they are treated during chronic infection. However,
as spontaneous clearance of HCV infection can occur during acute infection, treatment may not be
appropriate. The decision not to treat prevents unnecessary toxicities and saves costs. As the new
therapeutic options are very expensive, it is even more important to be able to discriminate between
acute infection and chronic infection and determine factors associated with spontaneous clearance
Spontaneous clearance of HCV
Spontaneous clearance of HCV, defined as undetectable concentrations of HCV, generally occurs
within the first six months following acute infection. However, cases of spontaneous clearance have
been observed two years following infection [39]. A systematic review including cross-sectional
studies and clinical cases reported a clearance rate of 26% [40].
In a longitudinal and community-acquired setting among PWID, we investigated the clearance
rate of HCV infection in seroconverters (chapter 3.2). The spontaneous clearance rate of
33.0% is comparable to a recent study among nine prospective cohorts of PWID with observed
seroconversion, including PWID from the ACS [41]. It is of interest to investigate which factors are
associated with rapid viral clearance, as this may lead to insight into the causal mechanism(s) of viral
clearance. It is evident that the likelihood of answering this question is highly dependent on finding
acute cases and the frequency of testing intervals. If testing intervals are too wide, spontaneous
clearance might be missed and persistence of HCV RNA might be classified as chronic infection
instead of a reinfection. In addition, if the test intervals are too wide, uncertainty increases regarding
the precise date of infection and seroconversion. This could have implications for interpretation of
results from immunological and virological investigations during the acute phase of HCV infection.
Factors associated with spontaneous resolution of HCV
Our insight into the immune pathogenesis is indeed hindered by a lack of acute and well-defined
cases with sufficient and frequently collected blood samples. Simultaneous evaluation of the innate
and adaptive immune response in one study with frequent time points would provide insight into
the dynamics of each of these branches of and which factors are essential for viral clearance. Viral
clearance of HCV infection is a multifactorial process of host and pathogen-associated factors,
including female sex, younger age, favorable interferon lambda 3 (IFNL3) genotype (formerly
known as interleukin 28 B), HCV genotype 1, robust CD4+ and CD8+ T cell responses, chronic
hepatitis B infection, and no infection with HIV [42]. Most of the observed associations with viral
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Table 1. Factors associated with high HCV RNA levels and HCV disease outcomes.

Sex
Age
BMI
HBV
HIV
IFNL3

High RNA
=
=
?
?
?
CC

Acute infection
Persistence
Male
Old
?
Negative
Positive
CC

High RNA
Male
Old
High
Positive
Positive
CC

Chronic infection
Liver disease
Male
Old
High
Positive
Positive
?

BMI: Body mass index; HBV hepatitis B virus; HIV human immunodeficiency virus; IFNL3 (interferon lambda 3 genotype,
rs12979860 CC allele (favorable), and CT/TT allele (unfavorable)). Question mark indicates unknown; equal sign indicates no
difference. Associated factors presented in this table are based on results from this thesis and [55,65,66].
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clearance were derived from cross-sectional studies with unknown duration of disease and thus may
be biased by inclusion of reinfections following spontaneous clearance. In our cross-sectional study
with retrospectively identified PWID with acute HCV infection (chapter 3.1), we found that females
with the favorable IFNL3 genotype (here defined as rs12979860 CC) had increased odds to resolve
their infections compared to females with the unfavorable (defined as rs12979860 CT/TT) genotype
and men with either the favorable or unfavorable genotype. In addition, we found that fever, which
is also associated with acute infection, was associated with viral clearance. Although we found
increased odds ratios, our study did not have enough power to demonstrate in multivariate analysis
that being HIV-negative or being chronically infected with HBV are independently associated with
viral clearance. Larger studies are needed to investigate these possible associations.
The interaction between IFNL3 genotype and sex has not been described previously. In figure 2
we propose a hypothetical model to explain this finding. Key players of the HCV innate immune
response in the liver are plasmacytoid dendritic cells (pDCs), myeloid DCs (mDCs), and Kupffer
cells [43]. When viral RNA is transferred via exosomes from infected hepatocytes to pDCs, a
robust production of IFN-alpha and to a lesser extent IFN-lambda could be generated via toll like
receptor 7 (TLR7) and retinoic acid-inducible gene 1 (RIG I) ([44]. Kupffer cells are the dominant
macrophage population in the liver. Uptake of HCV RNA triggers an inflammatory response via
TLR7 in these cells [45]. As stated before, females do not only differ in sex hormones but also in
IFN-α responses via stimulation of TLR7, the gene of which is located on the X-chromosome.
Stimulation of TLR7 in peripheral blood mononuclear cells from females results in significantly
higher IFN-α responses as compared to males, independent of 17β-estradiol [46]. Whether this
observation also holds true in specific immune cells of the liver is unknown. We hypothesize that
TLR7 stimulation in pDCs and Kupffer cells of females results in increased IFN production as
compared to men, thereby increasing the likelihood of viral clearance.
In chronic HCV infection, high intrahepatic levels of ISG expression are associated with the
unfavorable IFNL3 genotype and are a predictor of a poor HCV treatment outcome. The net
increase of upregulation of ISGs could be higher for those with the favorable IFNL3 genotype
as compared to those with the unfavorable IFNL3 genotype [47]. Moreover, a high increase in
ISG expression during acute HCV infection could also benefit spontaneous clearance of HCV.
Due to the asymptomatic nature of HCV infection it will be very difficult to demonstrate the
effect of IFNL3 genotype on ISG upregulation during spontaneous clearance. A recent in vitro
study demonstrated that a subtype of mDCs produced substantial amounts of IFNL3 upon HCV
infection [48]. But more importantly, this response was IFNL3 genotype-dependent, where the
release of IFNL3 was superior among those with a favorable IFNL3 genotype. An in vitro study
using a HCV replicon system demonstrated that cotreatment with both IFN alpha and lambda
enhanced the antiviral activity, suggestive of a synergistic interaction [49].
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In general, for many infectious diseases, males are affected more frequently and more severely than
females [50]. This is also the case for HCV, as clearly demonstrated by spontaneous clearance rates
of up to 54% among pregnant women infected with contaminated anti-rhesus D immunoglobulins
[51]. Sex hormones including testosterone and 17β-estradiol are believed to explain the difference in
immune responses between males and females. These sex hormones can bind to specific receptors
and enhance the function of CD-4 T cells, macrophages, natural killer cells, and plasmacytoid
dendritic cells (pDCs) [50]. Further support for this hypothesis is the observation that clearance
of HCV infection is comparable between girls and boys who have not reached puberty [52]. It is
unclear whether pre-menopausal women have lower viral load levels than post-menopausal women,
as has been observed for HIV [53]. If so, this would support the hypothesis that the difference in
immune responses could also be driven by sex hormones.
Favorable IFNL3 genotype is associated with spontaneous clearance but also with high levels of
HCV RNA during acute infection. In chapter 3.2 we confirmed this association in the largest welldefined cohort of acute HCV infection cases, with data pooled from nine individual cohorts among
PWID. The exact mechanism through which a favorable INFL3 genotype might lead to high HCV
RNA levels remains to be elucidated. Moreover, it is of great interest to investigate whether high
levels of HCV RNA could trigger stronger innate immune responses as suggested by Liu et al [52]:
they found a significantly more rapid evolution of HVR1 among those who resolve HCV infection
compared to those who become chronically infected with HCV [52]. However, the rapid evolution
of HVR1 was not correlated with markers of innate or adaptive immune response.
The possible interaction between female sex and IFNL3 genotype suggests that decision to start
HCV treatment, at least with PEG-IFN and RBV, in acute infection could be postponed for
females with the favorable IFNL3 genotype, as they have the greatest likelihood to resolve the virus
themselves. Bearing in mind the costs of the new IFN-free regimens, the cost of an IFN lambda
test (about 60 Euro) is insignificant. HCV treatment regimens might benefit more from TRL7
stimulation instead of PEG-IFN-alpha. Promising results have already been made as a phase 1b
study of the TLR7 agonist isatoribine prodrug resulted in significant declines in viral load among
chronically infected individuals and was better tolerated than PEG-IFN-alpha [54]. However, as
HCV treatment probably moves towards PEG-IFN (either alpha or lambda) -free regimens, the
clinical value of these genetic polymorphisms could be redundant in the long run. In addition, it is
likely that the decision to start treatment as soon as possible is superfluous, as cure rates for chronic
cases will reach more than 90%.

Figure 3: Hypothetical model of telomere decrease. Acute infection with HIV or HCV leads to acutely decreased telomere length
with further decline in the long run (grey striped line). Addition of cART could lead to return telomere decline to the normal rate (grey
solid line) but never to telomere length of healthy individuals (black line).
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Factors associated with increased HCV RNA levels during chronic infection
Quantification of viral load has proven to predict disease progression in chronic viral infections
such as HIV and HBV. To date, there is no evidence that HCV RNA levels are associated with HCV
disease progression. However, knowledge of the natural course of HCV RNA levels is limited and
factors associated with high HCV RNA levels are mainly derived from cross-sectional studies. In
the ACS we had the unique opportunity to study HCV RNA levels and factors associated with HCV
RNA levels up to 23 years following HCV seroconversion (chapter 3.3). In line with other studies
[55,56], we confirmed that male sex and favorable IFNL3 genotype were associated with higher
HCV RNA levels. Notably, we found that increased body mass index (BMI) was associated with
higher HCV RNA levels. This association has previously only been described in two small studies
[57,58].
It remains puzzling that HCV RNA levels have never been correlated with disease progression. On
the one hand we know that factors such as male sex, HIV coinfection, and metabolic conditions
(BMI and/or diabetes and/or steatosis) are associated with increased liver disease [59,60] and with
increased HCV RNA levels. On the other hand, IFNL3 genotype has not been associated with
disease progression [61] but is associated with high HCV RNA levels. In addition, HCV genotype
3 is associated with increased fibrosis progression [59], but also with lower HCV RNA levels [55].
Taken together, this points towards a multifactorial interaction between associated factors of liver
disease that might have contradictory effects on HCV RNA levels. Therefore HCV RNA levels might
not be associated with disease progression. However, due to the cross-sectional nature (or limited
follow-up) of most studies, a cumulative effect of high HCV RNA levels could be missed. Using
the same principle as pack-years for smoking ((number of cigarettes per day * years smoking) / (20
cigarettes per day per year)), HCV RNA level years could be calculated. It would be very interesting
to see if “HCV-RNA-level-years” do matter. In chapter 3.3 we also demonstrated that HCV RNA
levels fluctuate during the course of infection, therefore it could also be that peak HCV RNA
during the chronic phase might serve as a marker for disease progression. In order to investigate
these hypotheses, a cohort of HCV seroconverters with regular clinical follow-up is necessary. Such
questions could be best answered in a study that investigates fibrosis/cirrhosis progression of the
liver during the course of HCV infection using transient elastography or noninvasive serum markers
and collects data on cause-specific mortality. Unfortunately, the ACS has too little data on clinical
endpoints such as liver fibrosis or cirrhosis to test these hypotheses. In chapter 3.5 we compared
the degree of liver fibrosis at two and ten years later following acute infection between chronically
HCV-infected PWID and PWID who spontaneously cleared HCV. We used an algorithm from the
fibrotest, which is a validated test assessing the degree of liver fibrosis in HCV infection [62]. In our
study we found no difference in fibrotest outcomes between the two study groups. These results
suggest that HCV has limited impact on liver fibrosis during the first 10 years. Alternatively, it could
imply that the fibrotest is not accurate or applicable in PWID. Over the years there have been quite
a few validated noninvasive tools (e.g., fibrosis-4 score [63]), that use serum markers to predict the
degree of liver fibrosis [64]. Although the results are promising it remains uncertain whether these
scoring systems are applicable to different populations (e.g., different genetic backgrounds, different
viral strains, comorbidities, or coinfections).
As mentioned before, HCV RNA levels are high during the acute phase and are associated with
spontaneous clearance during the acute phase [67], which could be explained by favorable IFNL3
genotype (chapter 3.1). Although our study size was limited, we found no difference in HCV RNA
levels during the acute phase between men and women. However, in the early stages of the chronic
phase early on during the chronic phase there is already a significant difference in HCV RNA levels
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between men and women [68]. In table 1 an overview is given of factors associated with high
HCV RNA, persistence, and increased progression to liver disease. Most factors associated with
development to viral persistence during acute HCV infection are associated with high HCV RNA
levels and increased disease progression. One would expect IFLN 3 CC genotype to be associated
with increased disease progression, however the evidence is conflicting [69,70]. On the other hand
the unfavorable IFLN3 CT/TT genotype is associated with higher ISG levels and possibly higher
levels of inflammation contributing to enhanced disease progression. Of interest is the anomaly
between spontaneous clearance of HCV infection and the enhanced disease progression of chronic
HCV infection in HBV-coinfected individuals. Likely there is a complex interplay between these
two viruses and this topic requires more investigation. Based upon the available evidence it seems
that high HCV RNA levels during acute and chronic infection seem to be two different entities.
This could be explained by the active innate and adaptive immune responses during the acute phase
and an exhausted immune response during the chronic phase with continued but lower levels of
inflammation [71]. Associated factors with high HCV RNA might therefore have differential effects
during disease progression.
Immune senescence
With the advent of cART for HIV, the decline in drug-related causes of death, and the unpopularity
of starting to inject in Amsterdam, the mean age of PWID is increasing and PWID are now at
premature risk of developing multimorbidity and mortality from causes commonly observed in
the elderly [72,73]. There is increasing evidence that HCV infection contributes to morbidity from
cardiovascular disease, renal disease, and (systemic) autoimmune diseases [74,75].
As these inflammatory diseases involve activity of the immune system, we hypothesized that changes
and increased levels of inflammation, and ultimately immune senescence, could form the basis of
this premature burden of morbidity among ageing PWID. In Chapter 3.3 we demonstrated that
in the early stages of follow-up HIV/HCV coinfection was already associated with significantly
reduced telomere lengths in both CD4+ and CD8+ T cells. The use of cART in these individuals
did not reduce telomere length decline to levels comparable to healthy donors of the same age.
However, we could not rule out that cART, via telomerase inhibition [76], negatively affects telomere
length. A recent cross-sectional study demonstrated no association between low telomere length
and cART exposure [77]. Even though cART might have a direct negative effect on telomere length,
the reduction of inflammation through cART outweighs the side effects of cART with respect to
telomere length.
Unfortunately, we were not able to investigate the additional effect of HCV in HIV/HCV
coinfection. Therefore we should have investigated PWID infected with HIV only. However, these
individuals are hard to find considering HCV is much more infectious than HIV through bloodto-blood transmission. This research question could be answered among MSM infected with HIV
and HIV/HCV as HIV infection usually precedes HCV infection in this group. Interestingly, HCVmonoinfected PWID had lower CD4+ T cell telomere lengths than healthy donors, suggesting
that HCV on its own may have an effect on immune senescence. In figure 3, three scenarios with
regard to telomere length decline are depicted. Acute infection with HIV or HCV results in an
acute decrease of telomere length with a further long-term decline (grey striped line). Addition
of cART or HCV treatment could return telomere decline to the normal rate (grey solid line) but
never to the level of telomere length of healthy individuals (black line). As telomere length decline
is associated with many lifestyle factors common among PWID (e.g., smoking, alcohol, low BMI)
[78] it is important to further investigate the effect of HCV on immune senescence comparing
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chronically HCV-infected individuals with HCV resolvers instead of healthy controls. Another
strategy could be to investigate whether chronically infected individuals who are successfully treated
have increased telomere length as opposed to individuals not treated for HCV. In addition, the
effect of timing of treatment and acute or chronic HCV infection on telomere length could be
studied. If HCV truly has an impact on immune activation and immune senescence this would
warrant early treatment initiation.

HCV treatment and prevention
Over the past decades our knowledge about HCV has advanced greatly. Fundamental basic research
into the lifecycle of HCV has paved the way for numerous new drugs. These include NS3/4A
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Mortality
It generally takes two to three decades to progress from HCV seroconversion to advanced liver
disease (including liver cirrhosis, end-stage liver disease, or HCC). In many high-income countries,
including the Netherlands, the HCV incidence among PWID peaked in the 1970s and 1980s.
Therefore, without therapeutic intervention the future burden of disease is likely to rise over the
next decade(s) [2]. However, to predict this expected rise of HCV related disease burden and the
future treatment needs, accurate estimates morbidity and mortality due to infection with HCV are
necessary, especially among PWID who account for most HCV infections worldwide but also are at
increased risk of premature mortality due to their lifestyle.
Therefore, competing mortality should be taken into account when evaluating the impact of
chronic HCV infection on mortality, particularly for PWID [79]. Doing so, we demonstrated no
impact of chronic HCV infection on overall mortality among PWID in the first decade following
seroconversion, as compared with HCV resolvers (see chapter 3.5). The latter group is the ideal
control group as lifestyle is comparable between the two groups. However, during the second
decade after infection, HCV-chronically-infected participants are at increased risk of all-cause
mortality as compared with HCV resolvers. High rates of mortality were evident among those with
chronic HCV infection but were predominantly attributed to non-natural causes and HIV/AIDS.
Participants with a chronic HCV and HIV coinfection were at greatest risk of premature mortality.
This finding could be explained by the observation that HIV-coinfection accelerates chronic HCV
disease progression [80]. However, being coinfected with both viruses could also be a proxy for
very high-risk behavior with premature drug-related mortality such as overdose and suicide as a
consequence [81]. Due to the still limited follow-up with respect to HCV-related mortality and
the presence of competing mortality, we observed only one liver-related death. The low incidence
of HCV-related mortality is concordant with another longitudinal study among PWID [81]. This
finding does not necessarily indicate that HCV infection has a low impact on mortality. Many studies
investigating mortality are based upon links with national death registries. It is known that causespecific deaths are often misclassified and it seems that the accuracy of physicians has not improved
over the years [82]. However, the causes of death in our study were actively obtained from hospitals,
general practitioners, and coroners, and reviewed and classified by two physicians.
A strong causative effect of chronic HCV infection on mortality from endpoints such as chronic
liver disease, cirrhosis, and HCC is widely accepted. In order to estimate the true effect of HCV on
cause-specific mortality, large cohort studies with follow-up of more than 25 years following HCV
seroconversion and regular screening for fibrosis, cirrhosis, and HCC are needed. Since the average
age of drug users from the ACS is now over 50 years we might expect an increase in ageing drug
users dying “from” HCV instead of dying “with” HCV infection [2].
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protease inhibitors (e.g., telaprevir, boceprevir, simeprevir), NS5A replication complex inhibitors
(e.g., daclatasavir), nucleotide polymerase inhibitors (e.g., sofosbuvir).
The availability of sofosbuvir and other treatment regimens is changing the therapeutic landscape
with activity against genotype 2 & 3 without PEG-IFN and acceptable tolerability [83]. Unfortunately
a treatment regimen with sofosbuvir has an estimated cost of €55.655 to €111.741 in the Netherlands,
dependent on genotype and consequent treatment duration [84]. Fortunately these new treatment
regimens have been approved in the Netherlands and hopefully this will reduce the future disease
burden among HCV-infected individuals. However, for 2015 these treatment regimens are only
indicated for patients with severe fibrosis, severe extra-hepatic manifestations, patients waiting for
liver transplantation, or patients post-liver transplantation [84].
With the success of these new treatment regimens the agenda has moved from curing HCV-infected
individuals to a global HCV elimination and even eradication. Elimination of a disease is defined
as a reduction of the incidence to zero in a defined geographical area as a result of deliberate
efforts, but continued intervention measures are required during outbreaks [85]. Eradication
implies a permanent reduction to zero incidence without any outbreaks requiring intervention
(e.g., smallpox) [85]. HCV treatment can reduce the HCV disease burden, but can also serve as a
preventive measure by reducing the transmission risk, prevalence, and incidence. From this point of
view it might be more beneficial to treat HCV-infected individuals with the highest risk behavior,
especially in regions that still have a low prevalence [86], instead of those with advanced disease
progression and presumably a low risk of spreading the virus. A modeling study demonstrated
that if the annually HCV treatment uptake with DAA is over 75/1000 PWID, it could reduce the
chronic HCV infection prevalence by more than half in the next 10-15 years [87]. It is critical that
HCV treatment is combined with opiate substitution therapy and high-coverage needle and syringe
programs [13,86]. In the HIV-infected MSM population uptake of HCV treatment is quite high
among those in clinical care, but there is a high risk of reinfection as mentioned before. Apart from
targeting high-risk individuals for HCV treatment, these results stress the need for risk reduction
strategies through, for example, counseling and promotion of condom use.
Unfortunately, many countries will not be able to afford the new HCV treatment regimens or treat the
HCV-infected population sufficiently to achieve treatment as prevention. Apart from lowering the
price, investments need to be targeted at screening programs, education, and vaccine development.
Development of an effective vaccine could be one of the branches of global HCV eradication,
however a successful vaccine is not on the market yet and implementation of an effective vaccine
can be difficult for marginalized groups such as PWID [88].
Concluding remarks and future perspectives
The landscape of HCV has changed drastically over the recent years with major improvements in
HCV therapy. Extensive research into lifecycle of HCV and developments by the pharmaceutical
industry have paved the way for all-oral, pan-genotype, and interferon-free combinations of drugs
with cure rates over 90%. If HCV treatment could be targeted at individuals with high-risk behavior
such as MSM and PWID, HCV treatment could serve as a prevention strategy. However, before
expensive treatment is initiated, the likelihood of spontaneous and treatment-induced clearance
and also the risk of reinfection should be considered. It would be helpful to have very good
predictors of these events. Further investigation into spontaneous clearance of HCV infection and
the interaction between female sex and favorable IFNL3 genotype might aid the development of a
successful T cell vaccine.
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As more and more people will be cured, it is of great interest to investigate whether this impacts
comorbidity and cause-specific mortality in the long run. For those not treated for HCV infection it
is likely that we can expect premature comorbidities and mortality over the next few decades.
Worldwide, PWID are the main drivers of the HCV epidemic, accounting for the majority of new
infections. In this marginalized population treatment uptake is inadequate and scale-up is urgently
needed. However, with treatment scale-up of risk groups there should be increased vigilance regarding
reinfections in all risk groups due to the continued risk of exposure or ongoing risk behavior.
Ultimately the combination of education, prevention measures, targeted screening, vaccination,
access to care, and treatment with highly effective but affordable HCV treatment regimens are
needed to eliminate HCV. Over 25 years of extensive research in the HCV field has resulted in better
insights of the epidemiology, HCV lifecycle, disease progression, and drug development. Continued
research and investments are of paramount importance and should include disease monitoring, cost
effectiveness studies of combined interventions, and basic research. The multidisciplinary approach
ranging from basic science to public health is a major drive for innovations, which will ultimately
lead to the global eradication of HCV.
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Appendix

Summary

A

This thesis is focused on the risk of (re)infection and the natural history of hepatitis C virus
(HCV). In chapter 1 an overview is given of several important aspects that are useful as background
knowledge. In addition, the rationale and importance of the research questions of the following
chapters is highlighted.
Risk of initial infection and reinfection
HCV is a major global health issue affecting 170-210 million individuals worldwide. Of those an
estimated 5-10% are infected with human immunodeficiency virus (HIV). People who inject drugs
(PWID) are at high risk HCV, but also for human immunodeficiency virus (HIV) through both
injection risk behavior and sexual risk behavior. Within the Amsterdam Cohort Studies (ACS)
among people who use drugs (PWUD), including PWID, we investigated whether PWUD are still
at risk for HIV. In chapter 2.1 we studied trends in HIV incidence and injecting and sexual risk
behavior from 1986 to 2011. We found that the HIV incidence declined from 6.0 per 100 person
years (PY) in 1986 to less than 1 per 100 PY from 1997 until 2011. There was a significant decline
over the same period in injecting risk behavior. In addition, the prevalence of sexual transmitted
infections (STI) in 2011 was low and unprotected sex was associated with steady partners and
was less common among HIV-infected participants. Taken together these results indicate a low
transmission risk of HIV and STI, which suggests that PWUD do not play a significant role in the
current spread of HIV in Amsterdam.
Over the past decades HCV treatment options have evolved rapidly with cure rates of less than
10% increasing to 90%. With this fortunate prospect one would expect that increasing numbers
of PWID with HCV infection would be treated. However barriers to initiate treatment still exist.
One of these barriers is a suspected high risk of HCV reinfection among PWID. In chapter 2.2
we demonstrated a low incidence of HCV reinfection of 0.76-3.41 per 100 person-years following
treatment in PWID participating in a multidisciplinary treatment program. Active drug use, including
injecting, should therefore not preclude access to treatment for HCV.
There are very few studies on HCV reinfection among HIV infected MSM, who most likely aquired
HCV sexually, that have resolved their infection either spontaneously or treatment induced. In
addition, individuals with chronic HCV infection who perform continued risk behavior are at risk
for a superinfection (e.g. the presences of two or more different viral strains). 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 we investigated the incidence and genotype of HCV
super- and reinfections in a cohort of acute HCV infections in HIV-infected MSM. The incidence
rate of reinfection among those with a resolved primary infection was 14.5 per 100 PY, whereas
incidence rate of superinfections was significantly lower with a rate of 1.6 cases per 100 personyears. Of interest, in patients with HCV-1a as primary infection, the risk for acquiring another HCV1a infection was reduced compared to those with a primary non-HCV-1a subsequently acquiring
HCV-1a (hazard ratio (HR)= 0.25, 95% CI 0.07 – 0.93). This finding suggests that there is a partial
protection against the genotype present at the primary infection.
In chapter 2.4 we reviewed the available data from published studies among PWID examining
HCV reinfection following treatment. Among six studies providing data on PY of follow-up, the
reinfection rate varied from 0.8 to 4.7 per 100 PY. When restricted to populations with ongoing
risk behavior, the incidence rate varied from 2.50 to 28.57 per 100 PY. There seemed to be a
trend favoring cohorts with older PWID to have a lower risk of reinfection, which is likely to be
correlated with reduced risk behavior.
Natural history
Studying acute HCV infection can provide valuable insights into HCV pathogenesis which could
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aid in development of vaccine and new drugs. Acute HCV infection is followed by spontaneous
clearance in about 25% of individuals while the remaining 75% progress to chronic HCV infection.
One the factors associated with spontaneous clearance are high HCV RNA levels during acute
infection. In chapter 3.1 we demonstrated that high HCV RNA levels during the acute phase of
infection are associated with favorable interferon lambda 3 (IFNL3) genotype. The discovery of
IFNL3 has been one of the major breakthroughs in HCV research. It is both associated with
spontaneous clearance as well as treatment induced clearance. We confirmed this association of
spontaneous clearance among PWID from the ACS in chapter 3.2. Moreover we found a significant
interaction between female sex and the favorable IFLN3 CC genotype (rs12979860) which was not
been described before.
Knowledge about the natural course of HCV RNA levels following acute HCV infection is limited.
Chapter 3.3 describes factors associated with continued high HCV RNA levels. In this unique study
we measured HCV RNA levels of 54 HCV seroconverters from the Amsterdam Cohort Studies
among PWID at yearly intervals up to 23 years. Male sex, IFNL3 favorable genotype and body mass
index were independently associated with higher average HCV RNA levels.
Ageing of the immune system (immune-senescence) can lead to premature morbidity and mortality
and can be accelerated by chronic viral infections. One of the markers of immune senescence are
telomeres, which are repetitive nucleotide sequences that shorten with each cell division. In chapter
3.4, a longitudinal study, we observed significantly decreased telomere lengths among ageing HIV/
HCV coinfected PWID as compared to healthy donors. In addition we found that HCV monoinfected
PWID had lower CD4+ T cell telomere lengths than healthy donors early during infection, suggesting
that HCV on its own may have an effect on immune senescence. The telomere decline could be
explained by the increased peripheral levels of immune activation, mature differentiated cells and
exhaustion of peripheral T cells of HCV monoinfected and HIV/HCV coinfected PWID, which
indicates a state of chronic immune activation. As both viruses have detrimental long-term effects
on morbidity and mortality, these data express the need for early treatment, both for HCV and
HIV infection. Persistent viremia will develop in the majority of patients, putting them at risk
for progressive liver disease. However data on the long-term outcomes are difficult to interpret.
In chapter 3.5 the overall and cause-specific mortality among HCV seroconverters from the ACS
among PWID were investigated. During the first decade following HCV infection we observed
no difference in all-cause mortality among PWID with persistent HCV infection as compared to
HCV resolvers. Only during the second decade after infection, PWID with persistent infection had
an increased risk for all-cause mortality as compare to HCV resolvers, age-adjusted HR 8.28 (95%
CI, 1.10 – 64.55). We observed a very low rate of liver-related mortality, but this could have been
masked by competing mortality.
Finally, in chapter 4, the main findings from this thesis are discussed based on the recent literature.
In addition we made recommendations for future research.

Samenvatting

A

Het doel van de studies in dit proefschrift is om onze kennis van het risico op hepatitis C virus
(HCV) infectie en het natuurlijke ziektebeloop hiervan, zowel in de vroege als late fase van infectie
te vergroten. Hoofdstuk 1 geeft een overzicht van de epidemiologie en het natuurlijk beloop van
een HCV infectie op korte en lange termijn. Daarnaast worden de hoofdlijnen van het proefschrift
beschreven.
Risico op primaire infectie en herinfectie
HCV is met wereldwijd 170-210 miljoen geïnfecteerde personen van grote invloed op de
volksgezondheid. De ziekte verloopt veelal asymptomatisch, maar kan na 20 tot 30 jaar leiden
tot leverschade (verlittekening) met leverfalen of leverkanker tot gevolg. Van de groep HCVgeïnfecteerden is ongeveer 5-10% tevens geïnfecteerd met het humaan immuno-deficiëntievirus
(hiv). Op basis van oudere studies wordt verondersteld dat injecterende drugsgebruikers (IDs) een
verhoogde kans op besmetting met HCV en hiv door zowel injecterend als seksueel risicogedrag.
In de Amsterdam Cohort Studies (ACS) onder drugsgebruikers, waaronder ook IDs, hebben we
onderzocht of drugsgebruikers nog steeds een verhoogd risico hebben op besmetting met hiv. In
hoofdstuk 2.1 beschrijven we trends in de incidentie (het aantal nieuwe infecties per tijdseenheid,
per aantal personen) van hiv-infecties en het seksueel en druggerelateerde risicogedrag van 1986 tot
en met 2011 onder druggebruikers die deelnemen aan de ACS. We stelden vast dat de incidentie
(het aantal nieuwe infecties binnen een populatie per tijdseenheid) van een hiv-infectie daalde. Deze
daalde van 6,0 per 100 persoonsjaren (PJ) in 1986 tot minder dan 1 per 100 PJ in de periode
van 1997 tot en met 2011. In dezelfde periode was er een significante afname van injecterend
risicogedrag. In 2011 was de kans op het besmet zijn met een seksueel overdraagbare aandoening
(soa) laag. Bovendien was onbeschermde seks geassocieerd met het hebben van een vaste partner.
Daarnaast was onbeschermde seks minder gebruikelijk bij hiv-positieve deelnemers dan bij hivnegatieve deelnemers. Deze resultaten wijzen op een laag transmissierisico van hiv en andere soa’s
onder druggebruikers. Dit suggereert dat drugsgebruikers geen significante rol spelen bij de huidige
verspreiding van hiv in Amsterdam.
In de laatste decennia is er een grote vooruitgang geboekt in de behandelmogelijkheden van
HCV en is de kans op genezing gestegen van minder dan 10% tot 90%. Gezien deze gunstige
ontwikkelingen zou het aannemelijk zijn dat steeds meer IDs met een HCV-infectie hiervoor
behandeld zouden worden. Voor het starten van behandeling blijken er echter nog steeds barrières
te bestaan. Een van deze barrières is de aanname dat het risico op herinfectie met HCV hoog is
onder IDs. In hoofdstuk 2.2 laten we zien dat de kans op herinfectie na behandeling laag is onder
IDs die deelnamen aan een multidisciplinair behandelingsprogramma, met een incidentie van 0,83,4 per 100 PJ. Drugsgebruikers, inclusief actieve injecterende drugsgebruikers, zouden daarom niet
moeten worden uitgesloten van toegang tot behandeling van HCV.
Er zijn slechts weinig studies beschikbaar over herinfecties met HCV onder hiv-geïnfecteerde mannen
die seks hebben met mannen (MSM). MSM raken meest waarschijnlijk geïnfecteerd via seksueel
contact en kunnen genezen door behandeling of door spontane klaring van het virus. Personen
met een chronische HCV-infectie met voortdurend risicogedrag kunnen een superinfectie oplopen
met een andere virale stam. Hierdoor is het in relatief gesloten populaties met op elkaar lijkende
circulerende virale stammen, soms moeilijk de echte incidentie van nieuwe infecties te bepalen. In
hoofdstuk 2.3 hebben we de incidentie en de genotypes van HCV super- en herinfecties onderzocht
binnen een cohort met hiv-geïnfecteerde MSM met acute HCV-infecties. Onder personen met een
geklaarde primaire infectie was de incidentie van herinfectie 14,5 per 100 PJ, terwijl de incidentie van
superinfecties significant lager lag, en wel 1,6 per 100 PJ. Opvallend was, dat voor patiënten met een
HCV-1a primaire infectie het risico op herinfectie met opnieuw HCV-1a verlaagd was ten opzichte
van het risico dat patiënten met een primaire infectie met een ander genotype dan HCV-1a een
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herinfectie met HCV-1a opliepen. Deze bevinding suggereert dat er een gedeeltelijke bescherming
is tegen het opnieuw oplopen van een infectie met het genotype van de eerste infectie.
Hoofdstuk 2.4 is een review van beschikbare gepubliceerde data over herinfecties met HCV onder
IDs na (succesvolle) behandeling. Het aantal herinfecties dat druggebruikers opliepen na het einde
van de behandeling in zes studies varieerde van 0,8 tot 4,7 per 100 PJ. Wanneer de analyse beperkt
werd tot druggebruikers met voortdurend risicogedrag varieerde de incidentie van 2,5 tot 28,6 per
100 PJ. Er leek een trend te bestaan dat oudere injecterende drugsgebruikers een lager risico hadden
op herinfectie, waarschijnlijk is dit gerelateerd aan lager risicogedrag.
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Ziekteprogressie
Onderzoek naar acute HCV-infecties kan waardevolle inzichten opleveren over de pathogenese van
HCV. Dit kan de ontwikkeling van een vaccin of nieuwe medicatie bevorderen. Ongeveer 25% van
de personen met een acute HCV-infectie kan het virus spontaan klaren terwijl ongeveer 75% een
chronische HCV-infectie ontwikkelt. Het ontstaan van hoge HCV RNA-titers tijdens de acute fase
van de infectie is geassocieerd met spontane klaring. In hoofdstuk 3.1 laten we zien dat hoge HCV
RNA-titers in de acute fase van de infectie geassocieerd zijn met het gunstige interferon lambda 3
(IFNL3, voorheen bekend als interleukine 28 B) CC genotype (rs 12979860). De ontdekking van
IFNL3 is een van de grote doorbraken geweest in HCV-onderzoek. Dit genotype is geassocieerd
met zowel spontane klaring van HCV als genezing door behandelstrategieën met interferon alpha.
De relatie van het CC genotype met spontane klaring wordt in hoofdstuk 3.2 bevestigd onder
IDs van de ACS. In deze studie toonden we daarnaast een significante interactie aan tussen het
vrouwelijke geslacht en het gunstige genotype IFLN3 CC, hetgeen niet eerder was beschreven.
Er is nog maar weinig bekend over het natuurlijke beloop van HCV RNA-titers na een acute
HCV-infectie. Hoofdstuk 3.3 beschrijft verschillende factoren die geassocieerd zijn met langdurig
hoge HCV RNA-titers. In deze unieke studie hebben we gedurende 23 jaar na seroconversie met
intervallen van een jaar de HCV RNA-titers gemeten van 54 IDs van de ACS. Mannelijk geslacht,
gunstig IFNL3 genotype en body mass index (BMI) zijn onafhankelijk geassocieerd met hogere
gemiddelde HCV RNA-titers.
Veroudering van het immuunsysteem (immune senescence) kan leiden tot vroege morbiditeit en
mortaliteit. Dit proces kan versneld optreden door chronische virale infecties. Telomeren zijn een
belangrijke maat voor de mate van veroudering van het immuunsysteem. Een telomeer bestaat uit
een bepaalde volgorde van eiwitten die steeds wordt herhaald. Deze serie eiwitten wordt korter met
elke celdeling. In hoofdstuk 3.4 beschrijven we een longitudinale studie waarin we hebben vastgesteld
dat de telomeerlengtes significant sneller afnemen bij ouder wordende IDs met een hiv/HCV coinfectie in vergelijking met gezonde proefpersonen. Daarnaast stelden we vast dat IDs met een
alleen een HCV infectie een kortere CD4+ T-cel telomeerlengte hebben vergeleken met gezonde
niet drugs gebruikende proefpersonen tijdens de eerste fase van de infectie. Dit suggereert dat HCV
zelf een effect heeft op de veroudering van het immuunsysteem. Het korter worden van telomeren
kan verklaard worden door een toename van perifere immuun activatie, mature gedifferentieerde
cellen en uitputting van perifere T-cellen van IDs met een alleen een HCV of HCV/hiv co-infectie,
wat wijst op een staat van chronische immuun activatie. Aangezien beide virussen een ongunstig
lange termijn effect hebben op morbiditeit en mortaliteit, is er een noodzaak tot vroege behandeling
van zowel HCV als hiv.
De meerderheid van de patiënten zal een persisterende viremie ontwikkelen waardoor ze een
verhoogd risico lopen op progressieve leverziekte. Data over de lange termijn uitkomsten hiervan
zijn beperkt. In hoofdstuk 3.5 hebben we de totale en de oorzaak-specifieke mortaliteit onder IDs na
HCV seroconversie binnen de ACS onderzocht. In het eerste decennium na een HCV-infectie werd
geen verschil in niet gespecificeerde sterfte waargenomen tussen IDs met een chronische HCVinfectie en IDs die HCV spontaan geklaard hebben. Gedurende het tweede decennium na infectie
hadden IDs met een chronische HCV-infectie wel een hogere mortaliteit vergeleken met IDs die
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het virus geklaard hadden, gecorrigeerd voor leeftijd. Er was een zeer lage mortaliteit gerelateerd
aan leverziekten. Dit kan mogelijk verklaard worden door sterfte als gevolg van andere oorzaken.
In hoofdstuk 4 wordt ten slotte een beschouwing gegeven aan de hand van de belangrijkste
bevindingen van dit proefschrift in de context van recente literatuur. het proefschrift sluit af met
aanbevelingen voor toekomstig onderzoek.
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Dankwoord
Dit proefschrift was niet tot stand gekomen zonder de medewerking van vele personen. De
afgelopen jaren zijn niet zonder slag of stoot verlopen, maar dankzij jullie adviezen, luisterende
oren, stimulerende feedback en goede werksfeer zou ik het zo over doen, maar wel sneller.
Graag zou ik dit proefschrift willen afsluiten met het bedanken van alle personen die, op verschillende
wijze, hebben bijgedragen aan dit proefschrift.
Allereerst wil ik de deelnemers van de Amsterdamse Cohort Studies onder druggebruikers
bedanken voor hun jarenlange trouwe deelname. De vele intrigerende, emotionele maar ook luchtige
gesprekken tijdens de cohortbezoeken hebben mij een bijzondere kijk in jullie leven gegeven.

Beste Roel, al met al was je een klein jaar mijn promotor totdat je “te oud” werd voor het AMC. In
dit korte jaar heb ik je leren kennen als een zeer georganiseerd persoon met een groot vermogen om
hoofd- en bijzaken te onderscheiden. En je fanatisme kwam goed naar voren tijdens je deelname aan
de GGD-voetbalpoule. Ik ben vereerd dat je zitting wil nemen in mijn promotiecommissie.
Verder wil ik graag de overige leden van mijn promotiecommissie, prof dr. Ulrich Beuers, prof. dr.
Linde Meyaard, prof. dr. Tom van der Pol, prof. dr. Annelies Verbon, prof. dr. Hans Zaaijer, van harte
bedanken voor het beoordelen van dit proefschrift en het zitting nemen in de promotiecommissie.
Met zoveel verschillende onderwerpen in een proefschrift zijn er ook vele co-auteurs. Bij deze wil
ik alle co-auteurs bedanken voor hun bijdrage en opbouwende feedback, waarvan een aantal in
het bijzonder. Beste Ronald, er ging een wereld voor me open toen je me liet zien wat er allemaal
mogelijk was met het programma “R”. Grafieken maken was nog nooit zo leuk. Daarnaast heb ik
ontzettend veel van je geleerd over statistiek en modellering, maar was de p-waarde nou belangrijk
of niet? Janke, ik heb je leren kennen als een ontzettend creatieve en fanatieke supervisor. De
onderzoeksideeën schudde je vanuit het niets uit je mouw. Beste Joost, vanuit het streeklab kwam
je bij ons op de afdeling. Met alle kantoorgrappen maakte je direct een goede indruk en dat bleef
de jaren die daarop volgden. Nog een klein jaartje en dan mag jij promoveren. Maarten, als seniorepidemioloog en later “baas” van het drugscohort hebben we veel mogen samenwerken. Jouw
enthousiasme voor de epidemiologie werkt aanstekelijk. Als laatste Nening. Als beginneling in het
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Beste Maria en Debbie, dank voor jullie begeleiding! Maria, jouw agenda is zo druk, je werktijden
zijn zo lang, maar je vergeet je promovendi nooit. Nou ja, bijna nooit. De wachtrij voor je deur op
donderdagochtend was lang maar gelukkig wel gezellig. Eenmaal op je kamer zorgde je ervoor dat
ik nooit voor niets bij je langs kwam. Je enthousiasme, prioritering, grondigheid en geheugen zijn
om jaloers op te zijn. Daarnaast liet je me vrij om mijn eigen projecten op te zetten. Debbie, de
eerste week begon met een onbedoelde ontgroening naar het zoeken van een “pet” molecuul, of
te wel een molecuul geassocieerd met HCV-infecties waar ik me met alle liefde op ging focussen.
Helaas dacht ik een week lang dat je met “pet” Positron Emissie Tomografie bedoelde. De jaren
in Utrecht waren bewogen, desalniettemin hield je het hoofd koel. Met alle goede en leuke ideeën,
maar regelmatig te weinig patiëntenmateriaal, zag ik het onderzoek even niet meer zitten. Maar je
hebt me weten te overtuigen om te blijven en vol te houden. Dank voor je vertrouwen in mij en je
positieve en gedreven begeleiding.

lab maakte ik een onzekere periode door. Maar je hielp me hier doorheen, en er viel altijd wat te
lachen. De ruim drie maanden die we dag in dag uit aan de telomeerstudie zaten en de vele foute
uurtjes op de radio zal ik niet vergeten.
I would like to thank prof. dr. Greg Dore and dr. Jason Grebely for working together at the Kirby
Institute, Sydney. Dear Behzad and Maryam it has been a pleasure to work with you guys. Three
months in Sydney were just too short. Dear Jason, thank you for the wonderful dinners, the Sydney
Swans game, the drinks (and drinks) and the fantastic work atmosphere at Kirby.
Dear co-authors, I would like to thank you all for your constructive input and support.
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De afgelopen vijf jaar hebben vele stagiaires de GGD bezocht. Nienke, Stije, Soumaya en Jelle, met
veel plezier denk ik terug aan jullie stages. Met jullie enthousiasme en tomeloze inzet was het stuk
voor stuk een eer om jullie te mogen begeleiden.
Dan de collega’s van de GGD Amsterdam. Wat is dit toch een leuke afdeling. Het begon achter een
bureau in een hoekje van het drugscohort, waar de dagelijkse chaos van het cohort een heerlijke
afleiding was. De eerste promotie vond binnen een jaar plaats naar de roemruchte “mannenkamer”,
waar de koffiedamp van het plafond droop en de deur elke dag om drie op slot ging zodat we ons
in alle rust konden concentreren op de popquiz op 3FM. Wijnand en Martijn, en later ook Joost,
dank voor de aangename afwisselingen tussen hardcore SPSS syntax en gewoon hardcore. En, de
bijna te gezellige werksfeer niet te vergeten! Will, je bent gewoon fantastisch. Daniëlla, maar weer
eens borrelen zonder te eten? Anneke Krol, je nam me op sleeptouw met de survival analyse en je
leerde me de basics en beyond van SPSS syntax. Alhoewel het me de eerste weken duizelde, heb ik
de afgelopen vijf jaar zeer veel profijt gehad van je begeleiding. Rik, wanneer gaan we weer fietsen
in Vianden? Gerben-Rienk, als data manager kwam je naar de GGD en was ik onder de indruk van
je systematische en rustige benadering van problemen. Daarnaast ontpopte je je als een collega met
wie het zeer goed samenwerken was. Succes met de 10 kilometer onder de 45 minuten.
Zonder onderzoeksverpleegkundigen is er geen onderzoek: Laura, jouw klik en enthousiasme met
patiënten is benijdenswaardig. Marc, Marjolein, Jane, Leonie, Milo (klagen was nog nooit zo leuk) en
Sandra ontzettend bedankt voor de samenwerking.
Verder wil ik alle overige (oud-)collega’s van de GGD en het AMC bedanken die niet eerder genoemd
zijn: Udi (de laatste viral loadjes wegen het zwaarst), Ineke, Titia, Lisanne, Richard, Xiomara,
Cynthia, Sjoerd, Vincent, Christine, Janneke, Rosa, Sasja, Camiel, Nienke, Reinier, Freke, Jannie,
Linda, Charlotte, Christiaan, Anneke de Vos, Karen, Nora, Robin, Thijs, Femke, Nicol, Marlies en
Carmen.
Gruppo Debbie: Hilde, Dan (altijd perfect gekoeld bier op vrijdag, het ga je goed in Groningen),
Ana, Ingrid, Thijs (ben nog nooit zo kapot gegaan tijdens het wielrennen), Joop, Sanne, Soeradj en
Justin dank voor de leuke tijd in het WKZ. Maar ook kamergenoten Kees (a kroket a day keeps the
doctor away), Floor en Susan, wat werd het rustig zonder jullie.
Familie en schoonfamilie, ik ben vereerd dat ik dit proefschrift met jullie mag delen. Of werkstukje
zoals ze dat in Friesland noemen.
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Vrienden uit Groningen en Twente, inmiddels verspreid door het hele land. Eindelijk is er meer tijd
voor gezelligheid. Te beginnen met de Zwarte Cross!
Shirley II, het vlaggenschip van Shinty, dank voor de afleiding van het schrijven van dit proefschrift.
Op naar het volgende kampioenschap, klasse-behoud of toch maar weer een weekje wintersport als
sportief hoogtepunt.
Niels en Wendy, mijn paranimfen: ik ben verheugd en vereerd dat jullie naast me willen staan op
deze bijzondere dag. Niels, als broertjes waren we soms (vaak) als water-en-vuur. Nadat we in
verschillende steden zijn gaan studeren werd onze band steeds hechter. Nu hockeyen we samen,
drinken biertjes en proberen vaak uit eten te gaan, alhoewel dat bijna nooit lukt met het schrijven
van dit proefschrift. Vanaf 4 juni heb ik zeeën van tijd. Lieve Wendy, samen met Laura vormde je de
kern van het drugscohortonderzoek. De afgelopen vier jaar kon ik altijd bij je terecht! Jouw out-ofthe-box-denken, betrokkenheid en enthousiasme gaf een extra dimensie aan het onderzoek.
Lieve pap en mam, ik ben blij te zien dat jullie allebei gelukkiger zijn dan ooit. Ik wil jullie bedanken
voor jullie liefde, de onvoorwaardelijke steun en onuitputtelijke vertrouwen in mij. Lieve Laura, little
G, ik ben trots op wie je bent. Onze band is de afgelopen jaren ontzettend hecht geworden. Dank
voor je steun en gezelligheid!
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De laatste woorden gaan naar jou, lieve Margriet. Wat ben ik gelukkig met jou! Dank voor je steun
en vooral begrip het laatste jaar. Met het afronden van dit proefschrift en vooral de komst van de
kleine wordt dit een prachtzomer!
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