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Abstract 

Background & Aims 
Although acute hepatitis C virus (HCV) infection is usually asymptomatic and rarely recognized, 
predictors should be identified to guide treatment, since acute HCV is more responsive to treatment 
than chronic HCV.  
 
Methods 
Subjects were participants in the Amsterdam Cohort Study (ACS) among DU and included 
prospective HCV seroconverters (n=55) and recent HCV-positive participants who started injecting 
drug use within two years before ACS entry (n=51). Presence of HCV RNA was determined at a 
minimum of two time-points shortly following HCV infection to identify viral clearance. Logistic 
regression was used to examine potential determinants of HCV clearance. 
 
Results 
The rate of spontaneous viral clearance was 33.0% (95% confidence interval (CI) 24.2-42.8%). 
Women were more likely than men to spontaneously clear HCV infection (odds ratio 3.13, 95% CI 
1.35-7.25). No HCV virological or sociodemographic characteristics were significantly associated 
with spontaneous HCV clearance, but HIV and HBV co-infection might play a role. 
 
Conclusions 
Since female sex was the strongest predictor of spontaneous HCV clearance, treatment of acute 
HCV might be postponed in HIV-negative women. However, since HCV-treatment outcome is less 
favourable in HIV co-infected individuals, HCV treatment should not be postponed in individuals 
and groups who are HIV-infected or at high risk of HIV co-infection. 
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Introduction 

Hepatitis C virus (HCV) is mainly transmitted through exposure to infected blood.1 Acute 
infection is usually asymptomatic and leads 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 during acute HCV with pegylated interferon (with or without ribavirin) is 
associated with higher treatment success rates when compared to treatment 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 
persons for whom the duration of HCV infection is unknown. These seroprevalent 
studies are subject to selection bias, which can potentially lead to biased rates of viral 
clearance and risk estimates. Studies conducted 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 is restricted, since acute 
infection is usually asymptomatic and therefore rarely recognized. The limited published 
data show that 14-38% 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 titre, induction of neutralizing antibodies early in HCV infection, and high and 
broad HCV-specific CD4+ and CD8+ T-cell responses.5,8-14 However, sample size and 
data collection of these studies are often limited and definitions of viral clearance differ 
between the studies. 
Since the prospective Amsterdam Cohort Study (ACS) among drug users (DU) has 
retrospectively identified a substantial number of incident HCV infections,15 it provided 
an unique opportunity to study the spontaneous HCV clearance rate and its potential 
determinants, measured before and around acute HCV infection, in a population that 
includes asymptomatic acute HCV cases. 

Materials and methods 

Study population 
The Amsterdam Cohort Study (ACS) among DU is an open, prospective cohort study 
initiated in 1985 to investigate the prevalence, incidence, and risk factors of HIV 
infections and other blood-borne and/or sexually transmitted diseases, as well as the 
effects of intervention.16 Recruitment is ongoing and in recent years has been directed 
in particular toward young DU. Participation in the ACS is voluntary, and informed 
consent is obtained for every individual at intake. ACS participants visit the Amsterdam 
Health Service every 4-6 months, each visit they complete a standardized questionnaire 
about their health, risk behaviour, and sociodemographic situation. Questions at ACS 
entry refer to the six 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.  
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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), using the first available sample in each case. Individuals who were HCV 
antibody negative at ACS entry were tested for antibodies at their last ACS visit before 
November 2005. On 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 HCV antibody positive at ACS entry and had started injecting drug use within 
two years before entry. These individuals most probably represent recent HCV 
infections, since we have shown that approximately 50% of injecting DU in the ACS 
become infected within two years after starting injection drug use.15 
To assess hepatitis B virus (HBV) status, stored blood samples were retrospectively 
tested for anti-HBc by the same algorithm as for HCV (AxSym Core, Abbott, Germany 
and Hepanostika; Organon Technika, the Netherlands). To identify individuals with 
active HBV infection, the presence of HBV surface antigen (HBsAg) was determined 
(AxSym HBsAg, Abbott, Germany) in serum. All ACS participants since 1985 (n=1,640) 
were prospectively tested for HIV antibodies by enzyme linked immunosorbent assays 
(ELISA) at each ACS 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 four time-points 
when samples were available: the last visit before HCV seroconversion, i.e., the last 
HCV antibody negative visit (t=-1), two visits shortly after HCV seroconversion (t=1 and 
t=2), and a visit approximately one year after HCV seroconversion (t=3) (Figure 3.1.1A). 
In those who were positive at entry, HCV RNA was measured at two time-points (t=1 
and t=2): the first two visits following entry (most probably corresponding to t=2 and t=3 
in prospective seroconverters). 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, 
as described by Van de Laar et al.17 Briefly, RNA extraction was performed using the 
Boom method, in which 200 μl of serum and 15 μl of internal control were added to 900 
μl of lysis buffer and 20 μl of size-fractioned coarse silica particles.18 RNA was eluted in 
a volume of 100 μl and transcribed to cDNA as detailed elsewhere.19 Realtime PCR 
mixes (25 μl total volume) contained 12.5 μl of 2x LC480 probes master, 0.6 μM of 
forward and reverse primers (described in Van de Laar et al.).17 Real-time PCR was 
performed on a Roche LC480 platform. Quantification of viral RNA was performed by 
using standard curves which were produced by linear regression analysis of dilution 
series of plasmid DNA containing the 5’-UTR sequence. 
In addition, genotyping was performed as described in Van de Laar et al., cDNA was 
used as input for one nested multiplex RT-PCR based on the NS5B region.17 Conditions 
and primers have been described elsewhere.17,20 
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Statistical analyses and definitions 
Date of HCV seroconversion was estimated as the midpoint between the last HCV 
antibody-negative visit and the first HCV antibody-positive visit in prospectively identified 
HCV seroconverters. In prevalent 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 this prospective group, spontaneous HCV 
clearance was defined as two consecutive HCV RNA-negative test results, at least four 
months apart, after HCV seroconversion. In the prevalent group, clearance was defined 
as two consecutive HCV RNA-negative test results after ACS entry (time points 1 
(prospective seroconverters only), 2 and 3 in Figures 3.1.1A and 3.1.1B). 
Logistic regression was used to evaluate the associations between spontaneous 
clearance of HCV and sociodemograhic variables at the first HCV antibody-positive visit 
(sex, age at infection, ethnicity, calendar year of infection); drug use related variables 
(recent injecting drug use, frequency of injecting, main type of drug injected, frequency 
of non-injecting drug use, main type of non-injected drug, daily methadone dose, alcohol 
use, having a steady sexual partner that injects drugs); ongoing drug use [i.e., 
continuing drug use after HCV seroconversion], standard collected data on clinical 
symptoms (jaundice, severe tiredness, fever, night-sweating, diarrhea); HCV 
characteristics at first visit after seroconversion or study entry (HCV genotype, HCV viral 
load), co-infections (HIV co-infection, CD4 and CD8 count, HBV co-infection) (see 
Figure 3.1.1, associations were assessed using the first HCV seropositive visit for 
seroconverters and for recent prevalent cases (t=1)). All questions regarding (injecting) 
drug use and clinical symptoms refer to the six months preceding ACS entry or the 
period since the last visit. 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 9.2; StataCorp) and SPSS (version 15.0; SPSS Inc.) software. All 
statistical tests used were two-sided; a p-value ≤0.05 was considered to be statistically 
significant. Interaction and confounding were checked between the variables in the final 
models and all variables with a univariate p-value ≤0.10. 
Using Poisson regression, we also examined whether the incidence of clinical 
symptoms was higher for visits of injecting DU who cleared HCV shortly after acute 
infection compared with those who did not. Regarding the prospective group, we used 
the last visit before HCV seroconversion and the first three 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. 
In a sensitivity analysis, analyses were repeated using only the prospectively identified 
acute HCV cases who had a small seroconversion interval (i.e., no more than six 
months between last HCV antibody-negative visit and first HCV antibody-positive visit) 
(n=43). 
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Figure 3.1.1 Schematic representation of two types of HCV seroconverters. A) prospectively 

identified HCV seroconverters and B) recent HCV-seropositive participants at entry 
in the Amsterdam Cohort Study among DU who were included in the study within 
two years after starting injection drug use. 

Results 

General characteristics 
Sufficient follow up and serum were available to assess outcome of acute HCV infection 
for 55 out of 59 DU with documented HCV seroconversion (based on HCV antibody-
negative visit followed by HCV antibody-positive visit) and for 51 of 58 DU who were 
HCV antibody-positive at entry in ACS, and started injection drug use within two years 
before entry. The median interval between last negative and first positive visit was 4.0 
months (IQR 3.7-5.0 months) for the 55 HCV seroconverters. The median duration of 
injection drug use before study entry for DU with recent HCV was 1.12 years 
(interquartile range (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 
infection was 28.7 years (25.6-34.8 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. The median follow up time after HCV seroconversion was 9.4 
years (IQR 3.9-13.4 years). 
Of those that were HCV-RNA positive at the first available visit after seroconversion or 
ACS entry (n=72), 37.5% had genotype 1, 33.3% genotype 3, 8.3% genotype 2, and 
6.9% genotype 4. For all samples in which HCV genotype could not be determined, 
HCV viral load was <1,000 IU/ml (n=10). The median log viral load (IQR) did not differ 
significantly among genotypes (p=0.25, Kruskal-Wallis) being 4.40 (3.38-5.42), 5.73 
(4.64-6.14), 4.36 (3.19-5.30) and 4.69 (3.00-5.66) for genotypes 1, 2, 3, and 4, 
respectively.  
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Rate and determinants of spontaneous viral clearance 
According to our definition of two 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 behaviour  

In univariate analysis, women had threefold higher odds of spontaneous viral clearance. 
Of 38 HIV-negative women, 50.0% cleared HCV spontaneously, in contrast to only 
25.5% HIV-negative men (14/55). Having a steady partner, injecting or non-injecting, 
was also significantly associated with higher odds of HCV clearance compared to not 
having a steady partner (twofold and threefold higher odds, respectively). After 
considering all variables with a univariate p-value ≤0.20 in a backward stepwise 
multivariate analysis, only female sex was an independent predictor of spontaneous 
viral clearance (OR 3.13, 95% CI 1.35-7.25).  
In a sensitivity analysis including only prospectively identified HCV seroconverters with 
a seroconversion interval ≤6 months (n=43), the rate of spontaneous clearance was 
38.6% (95% CI 24.4-54.5%). HCV clearance was still significantly associated with 
female sex (OR 5.43, 95% CI 1.42-20.7).  

Clinical symptoms  

Of all HCV cases, 36.8% reported at least one of the clinical symptoms (jaundice, 
severe tiredness, fever, night-sweating, diarrhoea) in the 4-6 months preceding the first 
HCV antibody-positive visit, but none of the examined symptoms were significantly 
associated with HCV viral clearance in univariate analysis (Table 3.1.1). Although fever 
was non-significantly associated with viral clearance, those who reported fever were 
more likely to clear HCV than those who did not (OR 2.29, 95% CI 0.73-7.13). This 
association was independent of female sex (after adjustment for gender aOR 2.40, 95% 
CI 0.73-7.86). 
 
 
Table 3.1.1 Univariate analysis of factors associated with HCV clearance in a cohort of 106 

individuals with acute HCV acquired through injection drug use. 

 N Clearance 
rate (%) 

OR P value 

Sociodemographics     

   Age (per 10 year increase) 106 33.0 0.62 (0.32-1.18)  0.13 

   Sex 
      Male 
      Female 

 
  62 
  44 

 
22.6 
47.7 

 
1 

3.13 (1.35-7.25) 

 0.0068 

   Ethnicity 
      Western European 
      Non-Western European 

 
  90 
  16 

 
31.1 
43.8 

 
1 

1.72 (0.58-5.09) 

 0.33 

   Calendar year of infection  
      ≤1988 
      1989-1991 
      1992-1994 
      ≥1995 

 
  36 
  27 
  22 
  21 

 
33.3 
37.0 
22.7 
38.1 

 
1 

1.18 (0.41-3.34) 
0.59 (0.17-1.98) 
1.23 (0.40-3.77) 

 0.67 
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 N Clearance 

rate (%) 
OR P value 

Clinical symptoms     

   Jaundice 
      No 
      Yes 
      Unknown 

 
  32 
  9 
  65 

 
31.3 
33.3 
33.9 

 
1 

1.10 (0.23-5.31) 
1.13 (0.45-2.79) 

 0.97 

   Severe tiredness 
      Yes 
      No 

 
  26 
  77 

 
30.8 
35.1 

 
1 

1.22 (0.47-3.16) 

 0.69 

   Fever 
      No 
      Yes 

 
  92 
  14 

 
30.4 
50.0 

 
1 

2.29 (0.73-7.13) 

 0.16 

   Night-sweating 
      Yes 
      No 

 
  26 
  77 

 
30.8 
35.1 

 
0.82 (0.32-2.14) 

1 

 0.69 

   Diarrhea  
      No 
      Yes 

 
100 
    3 

 
34.0 
33.3 

 
1 

0.97 (0.085-11.1) 

 0.98 

HCV-related     

   HCV genotype (among those with detectable viral load) 
      1 
      2 
      3 
      4 
      Untypable (due to low viral load) 

 
  26 
    6 
  23 
    5 
  10 

 
7.69 
0.00 
13.3 
20.0 
30.0 

 
1 
- 

1.71 (0.26-11.3) 
3.00 (0.22-41.4) 
5.15 (0.71-37.2) 

 0.41 

   Log HCV viral load (among those with detectable  
   viral load at the first HCV antibody positive visit) 
      <3  
      3-4.9 
      >4.9 

 
 

  18 
  25 
  29 

 
 

27.8 
    4.00 

10.3 

 
 

9.23 (0.97-87.6) 
1 

2.77 (0.27-28.5) 

 0.071 

   HIV-1 
      Absence of HIV-1 antibodies 
      Presence of HIV-1 antibodies 

 
  93 
  13 

 
35.5 
15.4 

 
3.03 (0.63-14.5) 

1 

 0.13 

   Hepatitis B co-infection 
      Anti-HBc-negative 
      Anti-HBc-positive, HBsAg-negative 
      Anti-HBc-positive, HBsAg-positive 

 
  49 
  36 
  19 

 
32.7 
30.6 
42.1 

 
1 

0.91 (0.36-2.29) 
1.50 (0.50-4.46) 

 0.68 

   Having a steady partner that injects drugs 
      No steady partner 
      Steady partner who injected drugs now or ever  
      Steady partner who never injected drugs 

 
  66 
  14 
  25 

 
24.2 
42.9 
52.0 

 
1 

2.30 (0.69-7.62) 
3.06 (1.18-7.95) 

 0.033 

   Alcohol use (any daily) 
      No 
      Yes 

 
  44 
  62 

 
38.6 
29.0 

 
1 

0.65 (0.29-1.47) 

 0.30 

   Injecting drug use in the previous 6 months 
      Yes 
      No 

 
  93 
  13 

 
32.3 
38.5 

 
1 

1.31 (0.40-4.35) 

 0.66 

   Continuation of injection drug use after HCV  
   seroconversion (i.e., injecting drug use at first and  
   second HCV antibody positive visit) 
      No 
      Yes 

 
 
 

  32 
  73 

 
 
 

34.4 
31.5 

 
 
 

1 
0.88 (0.36-2.12) 

 0.77 
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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 around and following HCV 
seroconversion (see methods section). 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 (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 HIV-negative individuals than in HIV-positive individuals (OR 3.03, 95% CI 
0.63-14.5), although the difference did not reach statistical significance. The effect of 
HIV co-infection was independent of female sex (adjusted OR 3.48, 95% CI 0.70-17.4). 
CD4 and CD8 T cell counts were available for 51 of the 106 HCV seroconverters (range 
230-2510 CD4 T cells/ml and 20-170 CD8 T cells, respectively), and only 1 DU had a 
CD4 count below 350 cells/ml. The median CD4 and CD8 count in those who cleared 
HCV was not higher than in those who developed chronic HCV infection (935 (IQR 
710-1180) and 990 (IQR 770-1180) CD4 T cells/ml, and 60 (IQR 45-85) and 70 (IQR 
40-70) CD8 T cells/ml, respectively). Although of borderline significance, HIV-negative 
women tended to have higher CD4 counts than HIV-negative men (median 1070 and 
930 CD4 cells/ml, respectively (p=0.071)). 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 was somewhat lower in women than in men, but this 
was not statistically significant (median log 3.43 (IQR 3.0-4.70) and 4.36 (3.0-5.43), 
respectively (p=0.14)). 
Of all patients with acute HCV, 36 had evidence of cleared HBV infection, (i.e., they 
were anti-HBc-positive and HBsAg-negative), and 19 had an active HBV infection (i.e., 
were HBsAg-positive and anti-HBc-positive). In univariate analysis, those with active 
HBV infection were more likely to clear HCV spontaneously (OR 1.50, 95% CI 
0.50-4.46) than those with cleared HBV infection (OR 0.91, 95% CI 0.36-2.29), or those 
never exposed (reference), although this effect did not reach statistical significance. 

Discussion 

To our knowledge, this is the largest longitudinal study to present data on factors 
associated with HCV viral clearance in individuals with drug-use-related acute HCV 
infection. The clearance rate and factors influencing 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. The rate of spontaneous HCV 
clearance was 33.0%.  
Women were more likely to clear HCV spontaneously than men (OR 3.13, 95% CI 
1.35-7.25), in line with other studies.5,14 We believe that, the differential expression of 
steroid hormones is a likely explanation,21 particularly since the HCV clearance rate 
does not differ between children of opposite sex.22 Interestingly, it seems that steroid 
hormones indeed influence the immune system, since women have higher CD4 and 
CD8 counts than men, independent of HIV status. In addition, typically women have 
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lower HIV loads than men.23 To date, however there are no indications that this 
difference is clinically relevant. 
To address possible study limitations, the rate of clearance we found is higher than 
observed in studies among acute clinical cases (reviewed by Micallef in ref. 24), but 
may still be underestimated in injecting DU.24 Many injecting DU experience repeated 
exposure to HCV and HCV re-infection after their initial HCV seroconversion, due to 
continuing risk behavior (i.e., injecting drug use and borrowing of needles/syringes).17 
Such re-infection after clearance might result in persistent HCV viremia, leading to an 
underestimation of the clearance rate. Especially in the presence of acute HIV co-
infection, persistence of HCV re-infection is likely. However, in this cohort of DU with 
acute HCV, we did not find an association between ongoing risk behaviour and viral 
clearance shortly after the initial HCV infection. 
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.25 However, since HCV usually 
precedes or coincides with HIV infection in DU, almost all HIV co-infected DU in our 
study retained high CD4 counts at the point of HCV infection and HCV viral load was not 
significantly different between co-infected and mono-infected individuals. Although the 
effect we found was not significant, its direction suggests that HCV clearance might be 
less likely in HIV co-infected individuals. In line with other studies, we have shown in a 
subgroup of injecting DU that acute HIV co-infection hampers the especially beneficial 
HCV-specific CD4 T-cell responses targeting nonstructural proteins.26-31  
Patients with spontaneous viral clearance of chronic HCV after HBV-superinfection have 
been described,32 and cross-sectional studies have shown that HBsAg-positive HIV-
infected individuals are more likely to be HCV-RNA-negative than HBsAg-negative HIV-
infected individuals.33-35 Although our population-based sample was larger than samples 
in other studies on viral clearance after acute HCV infection, it was too small to 
demonstrate a significant effect. A larger group of individuals with acute HCV is needed 
to precisely evaluate the effect of HBV and HIV co-infection on HCV clearance.  
Having defined viral clearance as two consecutive HCV-RNA-negative visits after HCV 
seroconversion, we defined HCV viral persistence as the 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 superinfection by another. 
Furthermore, although HCV clearance is believed to take place within the first six 
months after acute infection, evidence shows that clearance might take much longer.13, 

36 Since we regularly measured HCV RNA only in the first two years after HCV infection, 
we recognize that measurements of longer duration would be necessary to evaluate 
possible late clearance and its predictors. In our cohort, only 5 out of 71 (7.0%) 
individuals who did not clear HCV spontaneously within the first three visits after HCV 
seroconversion were HCV-RNA-negative at the last study visit before November 2005 
or the penultimate visit preceding death, indicating that late clearance might occur (data 
not shown). 
In contrast to other studies, age at the time of HCV infection was not associated with the 
rate of HCV clearance, possibly because the age distribution of our study population is 
relatively homogeneous. We also cannot distinguish whether inoculum size or route of 
transmission influences the rate of HCV clearance, since all but one DU in this study 
were injecting DU.  
Others 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,5,37 but self-reported clinical symptoms were 
not associated with HCV viral clearance in this cohort of DU. A possibility is that DU are 



 Female sex predicts spontaneous HCV clearance⏐83 

more likely to have aspecific physical symptoms than the general population, due to co-
morbidity and a different standard of hygiene, and that these symptoms impede their 
ability to detect changed symptoms associated with viral clearance.  
In conclusion, behavioural factors and also clinical symptoms measured around and 
shortly after HCV seroconversion seem unable to discriminate between individuals who 
will resolve HCV and those that will develop persistent viremia, at least not in this cohort 
of DU. Since female sex is the only strong predictor of spontaneous viral clearance, the 
decision to start HCV treatment might be postponed in HIV-negative women with acute 
HCV. On the other hand, since HCV treatment in the acute phase is superior to 
treatment in the chronic phase, and outcome is less favourable in HIV-co-infected 
individuals, HCV treatment should not be postponed in individuals and groups who are 
HIV-infected or at high risk of subsequent HIV co-infection.38-40 
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Abstract 

Background 
Progression of liver related disease is accelerated in individuals co-infected with HIV and hepatitis 
C virus (HCV). Because the life expectancy of HIV-infected drug users (DU) improved after the 
widespread use of highly active antiretroviral therapy (HAART), HCV related death is likely to 
become more important. To disentangle the effects of HCV and HIV, we compared the overall and 
cause-specific mortality between HCV/HIV-infected DU and HCV-infected DU and DU without HCV 
or HIV, followed up between 1985-2006.  
 
Methods 
A total of 1295 participants in the Amsterdam Cohort Study were included. Cause-specific hazard 
ratios (CHR) were estimated for the eras before (<1997) and since HAART (≥1997) within and 
among serologic groups. 
 
Results 
The risk of dying decreased for most causes of death (COD) ≥1997, this decrease was not the 
same for the different serologic groups. Among HCV/HIV co-infected DU, the risk of hepatitis/liver-
related death did not substantially change over time (CHR: 0.87, 95% CI:0.21-3.58), whereas the 
risk of AIDS-related mortality decreased. Compared with DU solely infected with HCV, HCV/HIV 
co-infected DU were at increased risk of dying from hepatitis/liver-related disease (CHR: 7.15, 95% 
CI: 1.98-25.8), other natural causes (CHR: 3.09, 95% CI: 1.41-6.79), and non-natural causes 
(CHR: 2.30, 95% CI: 1.07-4.95) in the HAART era. 
 
Conclusions 
HCV/HIV co-infected DU remain at increased risk of dying from hepatitis/liver-related death in the 
HAART-era compared to HCV mono-infected DU. This risk did not change in HCV/HIV co-infected 
DU after HAART was introduced, suggesting that in the HAART era, HIV continues to accelerate 
HCV disease progression. Efforts should be made to establish effective treatment for HCV infection 
in HCV/HIV co-infected individuals. 
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Introduction 

The progression of liver disease associated with hepatitis C (HCV) is known to be 
accelerated in HIV-infected persons.1 In the mid-1990s, highly active anti-retroviral 
therapy (HAART) became available and improved their survival. In the HAART era, 
mortality from HCV is therefore likely take on a greater significance among these 
individuals,2 and several studies have indeed shown an increase in liver-related 
deaths.3-6 Drug users (DU) with HIV also benefit from HAART at the population level, 
although their improvement is less than observed for heterosexual and homosexual 
individuals.7,8 Because HIV-infected DU are almost universally co-infected with HCV, 
HCV/HIV co-infection has a major impact on their mortality.9 Indeed, an earlier study 
showed that the risk of dying from hepatitis- and liver-related disease among HIV-
infected DU is increased in the HAART era compared with the pre-HAART era.10  
The Amsterdam Cohort Study (ACS) among DU includes non-HIV-infected DU and HIV-
infected DU, with or without HCV co-infection; information on causes of death is 
available, providing the unique opportunity to disentangle the effects of HIV and HCV on 
cause-specific mortality in DU with one or both viruses. In addition, their mortality can be 
compared with that of uninfected DU who are nevertheless at increased risk of dying 
compared to the general population. 
In the present study, we therefore compared the cause-specific mortality between 
HCV/HIV co-infected DU, HCV mono-infected DU and DU without HCV or HIV. They 
were followed between 1985 to 2006, to compare the pre-HAART and HAART-era. 

Methods 

Study population 
The prospective ACS among drug users began in December 1985 and is still ongoing,11 
with 1640 DU included as of 1 January 2006. Recruitment is by means of local 
methadone outposts, sexually transmitted diseases clinics, and word of mouth. Both 
injecting and noninjecting DU, using hard drugs (i.e., heroin, cocaine, and/or 
methadone) at least three times per week, are invited to participate. 
DU return for their ACS follow up visit every four to six months at the Health Service of 
Amsterdam. At each visit, a standardized questionnaire is administrated by trained 
nurses and blood is drawn for laboratory testing and storage. HIV-positive DU undergo 
a clinical examination by a physician.  
The ACS has been conducted in accordance with the ethical principles set out in the 
declaration of Helsinki and written informed consent is obtained before data collection. 

Serological testing 
After each ACS visit, blood samples are prospectively tested for HIV antibodies by 
enzyme-linked immunosorbent assay (ELISA), and positive results are confirmed using 
Western blot (since 1995: HIV Blot version 2.2, Genelab diagnostics). For HIV-infected 
DU, CD4 cell counts and HIV RNA plasma levels are determined. In the present study, 
stored samples from DU with at least two cohort visits were retrospectively tested for 
HCV antibodies, starting with the blood samples collected at the first cohort visit in each 
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case. A third generation ELISA assay was used to detect HCV antibodies (Axsym HCV 
version 3.0; Abbott, Wiesbaden, Germany). DU who were HCV-negative at their first 
cohort visit were tested for HCV-antibodies at their last cohort visit. If this blood sample 
was HCV positive, samples taken in between the first and last visit were tested to 
identify the approximate moment of seroconversion. All blood samples collected at the 
first visit were retrospectively tested for hepatitis B core antigen (HBc) antibodies. 

Specific causes of death 
Information about vital status was obtained by matching the ACS data against the local 
and national registries. 
To obtain information on the cause of death (COD), we reviewed medical records from 
the hospitals, methadone clinics, and general practitioners. 
Causes were grouped into five categories: AIDS/HIV related, liver-related (including 
HCV- and hepatitis B-related death, and liver disease) and non-natural causes of death 
(including: overdose, accidents, suicide and homicide), other natural causes of death 
and unknown. When more than one cause of death was recorded, the most likely cause 
was scored according to the following hierarchy: non-natural as most likely, followed by 
AIDS/HIV related, HCV/liver related and natural. 

Statistical analyses 
Of the 1640 DU participating in the ACS, 1295 had at least two cohort visits and were 
included in this study. Follow up was calculated from ACS entry until the earliest of the 
following: death, one year after the last visit, or censoring date 1 January 2006. Using 
calendar time as a proxy for the introduction and widespread use of HAART, we defined 
two calendar periods: before 1997 and 1997 onwards, to reflect the pre-HAART and 
HAART eras, respectively. 
Four serologic groups were defined: (1) HCV-positive/HIV-positive, (2) HCV-
positive/HIV-negative, (3) HCV-negative/HIV-negative and (4) HCV-negative/HIV-
positive. Individuals could switch between groups (time updated covariate) when they 
acquired an infection during follow up.  
The date of HIV or HCV seroconversion was estimated as the midpoint between the last 
seronegative and first seropositive ACS visit.  
Using the Kaplan Meier method, we estimated the time from ACS entry to death by any 
cause for each serologic group. Cause-specific hazard ratios (CHRs) were estimated 
within and between serologic groups using a Cox proportional hazards model. All 
analyses were adjusted for age, sex, hepatitis B status at ACS entry, and duration of 
injecting. The confounding effect of current injecting, alcohol intake and homelessness 
was also evaluated. All variables subject to change, such as age, alcohol intake, 
duration of injection and current injecting, were treated as time-updated variables. The 
number of individuals (n=17) and deaths (n=5) for the HCV-negative/HIV-positive 
serologic group was too small to estimate any CHR. Also in the HCV-/HIV- group the 
number of deaths for some specific COD was too small to estimate the CHR for these 
COD. Finally, a sensitivity analysis was conducted by excluding those DU who had 
never injected drugs. 
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Results 

Baseline characteristics of the DU are presented in Table 3.2.1. The median age of the 
1295 DU with at least two cohort visits was 30 years, and 64% were male. At baseline, 
621 DU (72%) had ever injected drugs, and 31 noninjecting DU started to inject during 
follow up. At ACS entry, 20% had an HCV/HIV co-infection, 44% were mono-infected 
with HCV, 36% of the DU were not infected with HIV or HCV, and 1% were solely 
infected with HIV. During follow up, 95 HIV and 59 HCV seroconversions occurred, and 
272 DU died. A specific COD was available for 252 death cases. 
HCV/HIV co-infected DU and HCV mono-infected DU were more often from Dutch 
origin, had higher anti-HBc prevalence rates, and had more often a history of injecting 
drugs. Less than 1% of the HCV-infected patients received HCV treatment.  
 
 
Table 3.2.1 Baseline and follow up characteristics among drug users with at least two cohort visits 

in the Amsterdam Cohort Study, 1985-2006, 

 Total HCV+/HIV+ HCV+/HIV- HCV-/HIV- HCV-/HIV+ 
Baseline:      
Number (%)  1295 (100)  256 (20)  565 (44)  457 (36)  17 (1) 
Men (%)  828 (64)  156 (61)  340 (60)  318 (70)  14 (82) 
Age (median, IQR)  30 (26-36)  32 (28-36)  31 (27-36)  29 (26-35) 28 (26-33) 
Dutch nationality  973 (76)  206 (80)  482 (85)  274 (60)  11 (64) 
Anti-HBc antibodies  663 (51)  213 (83)  359 (64)  85 (19)  6 (35) 
Ever-injecting  921 (72)  250 (98)  535 (95)  127 (28)  9 (53) 
Time since first injecting 
(median, IQR) 

 8 (4-13)  10 (6-14)  8 (4-14)  3 (0-8)  7 (4-12) 

Homeless  123 (10)  16 (6)  46 (8)  58 (13)  3 (18) 
Current  daily alcohol 
intake (drinks/day): 
  0 
  1-4 
  >4 
  missing 

 
 
 428 (33) 
 153 (12) 
 128 (10) 
 586 (45) 

 
 
 85 (33) 
 19 (7) 
 20 (8) 
 132 (52) 

 
 
 186 (33) 
 58 (10) 
 58 (10) 
 263 (47) 

 
 
 148 (32) 
 76 (17) 
 48 (11) 
 185 (41) 

 
 
 9 (53) 
 0 (0) 
 2 (12) 
 6 (35) 

 
CD4 cell counts at entry* 
 x106 cells/l (median, IQR) 

  
 410 (290-700)

  
 600 (420-710) 

      
Follow up:      
Follow up time (median, 
IQR) 

 7 (4-13)  9 (5-14)  9 (5-14)  6 (3-11)  7 (4-12) 

Total deaths  272  172  70  24  6 
Causes of death: (%) 
  AIDS related 
  Hepatitis related 
  Non-natural  
  Natural 
  Unknown 

 
 75 (28) 
 21 (28) 
 86 (32) 
 70 (26) 
 20 (7) 

 
 70 (40) 
 18 (10) 
 37 (22) 
 36 (22) 
 11 (6) 

 
 0 
 3 (4) 
 39 (56) 
 20 (29) 
 8 (11) 

 
 0 
 0 
 10 (42) 
 13 (54) 
 1 (0.4) 

 
 5 (83) 
 0 
 0 
 1 (17) 
 0 

Seroconversions: 
  HCV 
  HIV 

 
 59 
 95 

 
 15 
 89 

 
 44 
 

 
 
 

 
 
 6 

* only available for the HIV infected participants , IQR: interquartile range 
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Overall mortality  
The all-cause mortality was highest among DU infected with both HCV and HIV: after 10 
years of follow up, 49% (95% confidence interval (CI): 42-54) had died (Figure 3.2.1). 
HIV mono-infected DU show a slightly lower death rate: 10 years after ACS entry 43% 
(95% CI: 2-66) had died. All-cause mortality was lowest among DU without HIV or HCV 
infections and among those with mono HCV infection 7% (95% CI: 3-11) and 13% (95% 
CI: 10-16) had died, respectively, after 10 years of follow up.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2.1 All-cause mortality among HCV-/HIV- infected drug users, HCV mono-

infected drug users, HIV mono-infected drug users, and those infected 
with both HIV and HCV. 

Risk of dying 
We compared the risk of dying from each specific COD in the pre-HAART era with the 
HAART era. Overall, the risk of dying decreased in the HAART era for almost all COD, 
but the effect of calendar time was not the same for each serologic group. Therefore the 
CHRs and their 95% CI are shown for the serologic groups separately in Table 3.2.2. 
Within each group the risk of dying in the HAART era is compared to that in the pre-
HAART era. Because we wanted to know the impact of HCV infection on mortality, we 
likewise compared separately the risk of dying from specific causes among the co-
infected and uninfected DU (HCV-positive/HIV-positive and HCV-negative/HIV-negative) 
with the risk among HCV mono-infected DU (reference) for the pre-HAART era and 
HAART era.  
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Table 3.2.2 The adjusted^ cause-specific hazards (CHR) and their 95% confidence intervals for 
each cause of death. CHR are estimated within each serologic group and in the pre-
HAART and HAART era separately, compared to the risk of dying among HCV+/HIV- 
infected drug users. 

 AIDS/HIV 
related causes 

Hepatitis/liver 
related causes 

Non-natural 
causes 

Natural causes Unknown 

Within serologic groups ( HAART-era vs. pre-HAART era) 
HCV+/HIV-      
   Pre HAART 
   HAART-era 
 

 
 

* 1 
0.77 

(0.37-1.63) 

1 
0.55 

(0.15-1.99) 

* 

HCV+/HIV+      
   Pre HAART 
   HAART-era 
 

1 
0.37 

(0.19-0.72) 

1 
0.87 

(0.21-3.58) 

1 
0.57 

(0.22-1.47) 

1 
0.90 

(0.31-2.67) 

1 
5.65 

(1.42-22.5) 
HCV-/HIV-      
   Pre HAART 
   HAART-era 

 
 

 * 1 
0.33 

(0.03-3.85) 

* 

Between serologic groups in the pre-HAART era 
   HCV+/HIV-  * 1 1 1 
   HCV+/HIV+   3.03 

(1.22-7.58) 
1.33 

(0.75-2.37) 
1.38 

(0.27-6.91) 
   HCV-/HIV-   * 0.58 

(0.13-2.60) 
* 

Between serologic groups in the HAART era 
   HCV+/HIV- 1 1 1 1 1 
   HCV+/HIV+  7.15 

(1.98-25.8) 
3.09 

(1.41-6.79) 
2.30 

(1.07-4.95) 
8.70 

(2.89-26.42) 
   HCV-/HIV-   1.11 

(0.34-3.61) 
0.92 

(0.25-3.43) 
1.22 

(0.12-11.68) 

^ Adjusted for: age, sex, hepatitis B status at ACS entry and duration of injecting. 
* Results not presented due to small numbers 

Changes in the risk of death within serologic groups 
In the HAART era compared to the pre-HAART era, in DU infected with both HCV and 
HIV, we observed a significant reduction in the risk of dying from AIDS-related death 
(CHR adjusted for age, sex, hepatitis B status at ACS entry and duration of injection: 
0.37, 95% CI: 0.19-0.72). In this group the risk of dying from liver related death did not 
significantly change (CHR: 0.87, 95% CI: 0.21-3.58).   
No significant reductions in the risk of dying for all COD were observed in HCV mono-
infected and the uninfected serologic groups. The risk of dying specifically from hepatitis 
or liver-related death could not be estimated for DU solely infected with HCV because, 
no hepatitis/liver-related deaths were observed in the pre-HAART era.  

Comparison of the risk of death among serologic groups 
When comparing the risk of dying in HCV/HIV co-infected DU with the risk of dying 
among HCV mono-infected DU, those co-infected had a significantly higher risk of dying 
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from nonnatural CODs (CHR: 3.03, 95% CI: 1.22-7.58) in the pre-HAART era. The 
same was true for the HAART era (CHR: 2.30, 95% CI: 1.07-4.95). 
In the HAART era, the co-infected DU had a significantly higher risk of dying from 
hepatitis/liver-related death than HCV mono-infected DU (CHR: 7.15, 95% CI: 1.98-
25.8) and from natural CODs (CHR: 3.09, 95% CI: 1.41-6.79). No major differences 
were seen between DU without infections and HCV mono-infected DU, except that in 
the pre-HAART era, the noninfected DU had a nonsignificantly lower risk of dying from 
natural CODs (CHR: 0.58, 95% CI: 0.13-2.60). 
 
Adjustment for homelessness, alcohol intake and current injecting did not affect the 
results. When including ever-injectors only (n=952) in a sensitivity analysis, we found 
that the risk of dying from hepatitis/liver-related disease within the HCV/HIV co-infected 
group was somewhat higher in the HAART era than in the pre-HAART era (CHR: 1.23, 
95% CI: 0.18-8.26) and the effect was opposite when compared to the CHR in the total 
study population. The effect remained nonsignificant, however. In the HAART era, the 
increased risk of dying from hepatitis/liver-related disease was smaller than observed in 
the total population for co-infected DU compared to HCV mono-infected DU (CHR: 3.94, 
95% CI: 0.59-26.22). The other CHRs were comparable to the results in the total 
population. 

Discussion 

This study describes the cause-specific mortality in a large group of DU over a 20-year 
period. The risk of dying was highest among DU solely infected with HIV or co-infected 
with HCV/HIV. Although the risk of dying substantially decreased for almost all causes 
in the HAART era, the decrease was not the same for all serologic groups. The risk of 
dying from hepatitis/liver-related disease did not change significantly over time among 
HCV/HIV co-infected DU, but this study demonstrates a strongly increased risk of their 
dying from hepatitis/liver-related disease compared to DU solely infected with HCV in 
the HAART era. This suggests that in the HAART-era, HIV co-infection continues to 
accelerate HCV disease progression. 
 
One might argue that DU have not benefited from HAART; however, comparing the risk 
of dying among DU infected with HCV and HIV between the pre-HAART and HAART 
eras shows that the risk of dying from AIDS-related causes decreased over time. This is 
in line with other studies and indicates that DU indeed benefit from HAART, although 
their uptake of HAART is lower than seen in other HIV risk groups.7-10  
Although several studies have shown an increase in liver-related mortality among HIV-
infected individuals in the HAART era, the impact of HCV co-infection on HIV disease 
progression remains contradictory.11-17 When mortality was compared between DU 
infected with HCV and/or HIV and DU without an infection, a study found higher overall 
mortality rates among HCV/HIV co-infected DU versus non-HCV/HIV infected DU, but 
did not compare cause-specific mortality.9 In an earlier study, no liver-related deaths 
occurred among HCV mono-infected individuals, whereas 10% of the HCV/HIV co-
infected DU developed liver decompensation.18 This study was analyzed cross-
sectionally, however. In the present longitudinal ACS study, we had the unique 
opportunity to evaluate the effect of the time-updated HIV and HCV status of all DU on 
cause-specific mortality. In addition, we were able to correct for duration of injecting 
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drugs, which served as a proxy for duration of HCV infection since most DU get infected 
with HCV within two year after start injecting.19 
 
The results of this study show an increased risk of dying from hepatitis- and liver-related 
death in the era of HAART among those infected with both HIV and HCV compared with 
those solely infected with HCV. Theoretically, the increase could be explained by HBV 
infection, which was highest among those DU who were co-infected with HCV/HIV. We 
adjusted for anti-HBc status at study entry, however. This adjustment may be a 
limitation of the study, since an anti-HBc-positive test result is a marker for past HBV 
infection but not for chronic HBV infection. In the general population, 5-10% of the HBV 
infections become chronic, whereas a higher percentage become chronic in HIV-
infected individuals.20 Therefore, we might have overestimated the effect of anti-HBc, 
but this overestimation would be smaller for those DU infected with HIV. 
In this study, HCV treatment was not taken into account, but it occurred very 
sporadically and only recently in our cohort (1%) and would therefore only marginally 
affect our results.  
The risk of dying from non natural causes (i.e. overdose, suicide, homicide and 
accidents) was increased in HCV/HIV co-infected DU compared to HCV mono-infected 
DU in both the pre-HAART and HAART eras, whereas no differences were seen 
between HCV mono-infected DU and DU without HCV and HIV. This finding suggests 
that HCV/HIV co-infected DU had been taking more risk in general with respect to drug 
use.  
 
Although the impact of HCV co-infection on HIV disease progression is still debated, this 
study shows higher all-cause mortality among HCV/HIV co-infected DU than in the other 
serologic groups. When they are compared with HCV mono-infected DU, their risk of 
hepatitis- and liver-related death remains higher in the HAART era, suggesting that HIV 
continues to alter HCV disease progression. Although HCV treatment among HCV/HIV 
co-infected individuals is complicated, our results highlight its importance and the need 
to establish effective treatment for HCV in HCV/HIV co-infected individuals. We believe 
that, next to reducing risk behavior related to drug use, daily observed therapy for DU 
with HIV and/or HCV is likely to increase their uptake, adherence, and therapy success. 
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