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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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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 well-
defined	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.

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 follow-
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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:	liver-
related, 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). 

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.

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 
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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. 

Table 1. Characteristics at first visit following HCV seroconversion and follow-up of 106 IDU with acute HCV, Amsterdam Cohort 
Study.

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

Table 1. Characteristics at first visit following HCV seroconversion and follow-up of 106 IDU 
with acute HCV, Amsterdam Cohort Study. 
 
Baseline Total cHCV Clearance 
Number (%) 106 (100) 71 (67) 35 (33) 
Male sex (%) 62 (59) 48 (67) 14 (40) 
Dutch nationality (%) 91 (86) 60 (85) 31 (89) 
Age at HCV seroconversion (median, IQR) 28.5 (24.7-34.6) 29.3 (26.4-34.6) 27.0(23.6-29.9) 
HBV status    
    HBsAg-negative (%) 98 (92) 69 (97) 29 (83) 
    HBsAg-positive (%) 8 (8) 2 (3)   6 (17) 
HIV infection/seroconversion (%)   13 (12) 11 (16) 2 (6) 
Alcohol intake (drinks/day)     
    <2   (%) 46 (28) 28 (24) 18 (37) 
    ≥2-<10 (%) 7 (8)   7 (10) 0 (0) 
    ≥10  (%) 9 (8) 5 (7) 4 (9) 
    Missing 44 (49) 31 (56) 13 (51) 
Homelessness    
    Yes (%) 12 (11)   9 (13) 3 (9) 
    No (%) 53 (50) 34 (48) 19 (54) 
    Missing (%) 41 (39) 28 (49) 13 (37) 
Injecting drug use (in the previous 6 months)    
    Yes (%) 93 (88) 63 (89) 30 (86) 
    No (%) 13 (12)   8 (11)   5 (14) 
HCV Genotype (among those with detectable 
viral load)    

    1 (%) 30 (28) 29 (41) 1 (3) 
    2 (%) 6 (6) 6 (9) 0 (0) 
    3 (%) 26 (25) 23 (32) 3 (9) 
    4 (%) 5 (5) 5 (5) 1 (3) 
Log HCV viral load    
    ≤ 3 (%) 63 (60) 31 (44) 32 (91) 
    >3 - 4.9 (%) 23 (22) 23 (32) 0 (0) 
    ≥ 4.9 (%) 20 (19) 17 (24) 3 (9) 
CD 4 cell counts* x106 cells/L (median, IQR) 410 (300-750) 410 (300-830) 480 (400-560) 
Follow-up    
Follow-up time (median, IQR) 14.8 (7.8–19.6) 14.4 (7.3–19.3) 17.5 (9.5–20.4) 
HIV seroconversion  18  15  3  
Total deaths  (%) 33  26  7  
Age of death (median, IQR) 36.7 (32.0–43.2) 38.5 (33.6–45.9) 32.2 (30.0–36.6) 
Causes of death    
    AIDS 8 8 0 
    Non-natural 12 7 5 
    Natural  8 6 2 
    Liver-related 1 1 0 
    Unknown 4 4 0 
    
* shown for the HIV-infected participants only. 
HBV, hepatitis B virus; HCV, hepatitis C virus; IDU, injecting drug users; IQR, inter quartile 
range. 
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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 cause-
specific,	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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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	age-
adjusted HR became 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;	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 ); HCV-
clearance/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 

Table 2. Determinants of progression from HCV seroconversion to all-cause mortality, Amsterdam Cohort Study among drug 
users.

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

Table 2. Determinants of progression from HCV seroconversion to all-cause mortality, 
Amsterdam Cohort Study among drug users. 
 
  Univariate   Multivariate$  
 HR* 95%CI p HR* 95%CI p 
Sex   0.16    
    Male 1      
    Female 0.59 0.28–1.25     
HIV Status   0.03   0.05 
    Negative  1   1   
    Positive 2.23 1.12–4.44  2.01 0.99 – 4.06  
HCV Clearance   0.08   0.20 
    Clearance 1   1   
    Chronic HCV 2.02 0.87–4.66  1.71 0.72 - 4.11  
HBV Status   0.21    
    HBsAg-negative 1      
    HBsAg-positive 2.10 0.73–6.00     
Alcohol intake (drinks/day)   0.30    
    <2  1.00      
    ≥2 <10  1.23 0.42–3.65     
    ≥10  2.51 1.00–5.98     
     Unknown 1.09 0.23–5.08     
Age (per year) 1.00 0.96 –1.06 0.69    
Calendar period of follow-up   0.26    
    <1997 1      
    ≥1997 0.56 0.20–1.55     
Injecting drug use (in the previous 6 
months)   0.64    

    No 1      
    Yes 1.18 0.58–2.45     
Frequency of injecting drug use (in 
previous 6 months)   0.15    

    No injecting drug use 1      
    Daily 1.66 0.67–4.07     
    >Daily <Weekly 0.26 0.03–1.99     
    >Weekly <Monthly 1.48 0.60–3.62     
Borrowing of needles   0.45    
    No 1      
    Yes 1.09 0.89–1.33     
Homelessness   0.54    
    No 1      
    Yes 2.12 0.63–7.14     
    Unknown 1.15 0.00–5.33     
* HR, hazard ratio derived from Cox proportional hazards models; $ adjusted for age 
HBV, hepatitis B virus; HCV, hepatitis C virus; IDU, injecting drug users 
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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.	

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. 
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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/HIV-
negative	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 all-
cause 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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