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Abstract

Background—Hepatitis C virus (HCV) infection, clearance and reinfection are best studied in

injection drug users (IDU) who have the highest incidence and are representative of most infections.

Methods—A prospective cohort of HCV negative young IDU was followed from 2000 to 2007, to

identify acute and incident HCV and prospectively study infection outcomes.

Results—Among 1,191 young IDU screened, 731 (61.4%) were HCV negative, and 520 (71.1%)

were enrolled into follow-up. Cumulative HCV incidence was 26.7 per 100 person years of

observation (PYO) (95% CI, 21.5, 31.6). 95 (70.4%) of 135 acute/incident HCV infections were

followed; 21% cleared HCV. Women had a significantly higher incidence of viral clearance

compared to men (age-adjusted relative hazard 2.91, 95% CI, 1.68, 5.03) and also showed a

significantly faster rate of early HCV viremia decline. Estimated reinfection rate was 24.6 per 100

PYO (95% CI, 11.7, 51.6). Among seven individuals, multiple episodes of HCV reinfection and re-

clearance were observed.

Conclusions—In this large sample of young IDU, females show demonstrative differences in their

rates of viral clearance and kinetics of early viral decline. Recurring reinfection and re-clearance

suggest possible protection against persistent infection. These results should inform HCV clinical

care and vaccine development.
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Introduction

Hepatitis C virus (HCV) is the most common blood borne viral infection in the U.S, and a

major etiological agent of liver disease [1]. Overall, about one in four (26%) infected persons

spontaneously resolves infection, but there is significant variation (0% to 80%) between

different studies [2]. As viral resolution occurs principally in acute infection [3], understanding

correlates and mechanisms underlying successful resolution will contribute to clinical

decisions regarding early treatment as well as potential vaccine development.

Acute HCV infection has been principally studied in small heterogeneous groups identified

opportunistically [4–6], including recipients of plasma-derived blood products [7], transfusion

donors and recipients [8,9], and health care workers [10]. Multiple host factors (reviewed in

[11]), especially immune responses [12–14], but also age, sex, race/ethnicity, and route of

infection [2,14–17] have been associated with clearance. Reinfection and re-clearance of HCV

infection are less well studied. Acute HCV infection is important to study in IDU [18], as they

have the highest incidence of HCV [19] and are likely to be representative of most infections

[20]. We present results of a prospective study of HCV infection among young IDU, followed

to measure incident HCV, acute infection, clearance and reinfection rates.

Methods

Population

HCV negative IDU were enrolled and followed in three waves between January 2000 and

September 2007 in a prospective cohort named the UFO-3 Study in San Francisco, California.

Recruitment and follow up details for the first wave of participants (2000 and 2001) were

previously published [19], subsequent waves were recruited in 2003 through 2004, and again

starting in 2006 and followed through September 2007. Cohort eligibility was restricted to

those under age 30, who reported injecting drugs in the prior month, who spoke English as

their primary language, and if recruited in 2003 or later, did not plan to travel outside of San

Francisco within the next three months.

Cohort screening, enrollment and follow-up—At a baseline eligibility visit, IDU were

screened for age and injecting history, and since 2005, knowledge of HCV status. Eligible

consenting participants were interviewed, counseled, and tested for antibodies to HCV (anti-

HCV) and HCV RNA. Each was remunerated $10 at screening, and $20 at results visits. HCV

negatives and those with indicators of previously resolved HCV infection (negative HCV RNA

and positive anti-HCV) were offered enrollment into the prospective cohort (UFO-3 Study).

Follow-up included monthly “check-ins” and quarterly study visits which included structured

interviews to assess exposures, HCV testing, and risk reduction counseling and referrals.

Voluntary anonymous HIV screening was offered to participants.

Participants with newly detected HCV (HCV RNA and or anti-HCV) were offered enrollment

in the prospective study UFO Acute HCV cohort which included monthly visits to document

and study the natural history of acute HCV infection. All were provided with referrals for

follow-up care, and after 2005 offered enrollment into a study of early HCV treatment

candidacy (to be described elsewhere).

Procedures

Laboratory tests—Serum samples were tested for anti-HCV, HCV RNA, and HCV

genotype. At baseline, anti-HCV testing was conducted using HCV EIA 2.0 (Abbott

Laboratories, Abbott Park, IL). Sera was tested in parallel or retrospectively for anti-HCV

using EIA-3 (Ortho Clinical Diagnostics, Raritan NJ), and reactive samples were confirmed
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using HCV RIBA™3.0 Test System (Novartis Vaccines & Diagnostics, Emeryville, CA). In

April, 2007, all anti-HCV testing was shifted to EIA-3 testing. HCV RNA testing was

conducted using the discriminatory HCV TMA (dHCV TMA) assay component of the

Procleix® HIV-1/HCV assay, developed and manufactured by Gen-Probe Inc., San Diego,

CA, and marketed by Novartis Vaccines & Diagnostics, Emeryville, CA. The assay’s 50%

limit of detection is 12.1 (95% CI, 11.1 to 13.2) copies/mL of HCV RNA when using the

recommended 0.5 mL specimen input. Samples were tested individually (i.e., non-pooled)

[21]; reactive samples were re-tested and repeatedly reactive samples were assumed to be

confirmed HCV RNA positive. HCV viral load was measured by either: (1) HCV Monitor

(Roche Amplicor Monitor HCV 2.0, Roche Molecular Systems, USA) performed on the Cobas

Amplicor semiautomatic instrument, or (2) Bayer HCV RNA bDNA assay (Versant® HCV

3.0; Bayer Diagnostics, Tarrytown NY). The lower limits of detection for these two assays are

50 IU/mL and 615 IU/mL, respectively. Samples reactive for HCV RNA by sensitive dHCV

TMA (qualitative) testing but with undetectable quantitative RNA results were judged to be

HCV RNA positive and quantified as half the value of the lower limit of detection based on

the quantitative test used. Samples negative on both qualitative and quantitative tests were

judged to be HCV RNA negative and assigned a 0 value. Genotype was determined by the

LiPA Line Probe Assay (Bayer Diagnostics, Tarrytown, NY). Samples where no HCV RNA

was available (principally due to follow up intervals which exceeded the RNA positive interval)

were tested using Murex HCV Serotyping EIA to distinguish antibodies to type-specific

epitopes in the NS4 region of HCV (Murex Biotech Limited, Dartford, U.K.; distributed in

Europe by Abbott Diagnostics, Wiesbaden, Germany)[22].

HCV infection case definitions

i. Acute HCV infection was classified as follows: (1) baseline incident acute infection,

those persons who were anti-HCV negative but positive for HCV RNA (by TMA) at

baseline testing visit; (2) prospective incident acute infection, HCV negative

participants followed prospectively who presented with either a new positive HCV

RNA and/or positive anti-HCV result.

ii. HCV viral clearance was defined as two consecutive negative HCV RNA results after

confirmed acute or incident infection. The interval during which HCV infection

occurred was defined by the date of the last documented anti-HCV and HCV RNA

negative results, and the date of the first positive HCV RNA result. The interval during

which viral clearance occurred was defined by the date of the last test with detectable

HCV RNA and the first of two consecutive samples with undetectable RNA.

iii. Reinfection was considered in participants followed longitudinally who demonstrated

viral clearance; a new positive HCV RNA test was considered indicative of

reinfection. Reinfection was considered confirmed if the recurring infection was a

different HCV genotype/serotype compared to the previous infection [23] and,

potential if the participant had the same or no genotype result.

Statistical analyses

We compared those with two or more follow up visits to those who had less or no follow up

to assess potential biases associated with loss to follow-up. Cumulative HCV infection rates

were calculated using person-time of observation, and confidence intervals (CI) for the rates

were calculated assuming a Poisson distribution. Occurrence dates of infection or

seroconversion were imputed as the midpoint of the interval between the dates of the last

observed HCV negative and either the first HCV RNA positive or first anti-HCV positive test

result (with or without a concurrent HCV RNA detection). Baseline incident acute infections

with no follow up were not counted in the incidence estimates.
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We estimated the distribution of time to clearance using semiparametric methods for doubly

interval-censored event times that avoid the potential bias associated with imputation based on

interval midpoints [24]. Participants who did not clear HCV infection, including those who

developed chronic infection and those who did not have two consecutive HCV RNA negative

test results during follow-up, were treated as right-censored on the date of the last sample.

Estimates of the clearance hazard and distribution were smoothed using a penalized likelihood

approach [25]. Separate estimates of the clearance distribution for sub-groups of interest (e.g.

by gender) were also made.

We fit Cox proportional hazards regression models applied to midpoint-imputed event times

to assess variables independently associated with viral clearance. (These results were similar

to those found using regression models for interval censored outcomes.) Variables considered

included sociodemographic characteristics, risk exposures, and viral load data. Covariate

effects were summarized as estimated incidence rate ratios with corresponding approximate

95% confidence intervals. Covariates observed to be associated with clearance in bivariate

analyses at a significance level of 0.15 or less were included in the models. The validity of the

proportional hazards assumption was evaluated by graphical comparison of estimated

cumulative hazards between groups defined by the covariates of interest.

Quantitative viremia measures, including initial and peak viral loads detected in the first 6

months after estimated date of infection, were compared between those clearers and non-

clearers using logged IU/mL values by Kruskal Wallis tests and a non-parametric equality of

median test. We examined changes in viremia using various methods to account for dependent

observations, including linear regression of log-transformed values with variances estimated

accounting for clustering (i.e. robust variance) as well as generalized linear mixed models of

transformed values with random intercepts and slopes. As results were similar using the

different analyses, and our main interest is in a marginal interpretation of slope coefficient

reflecting change over time, we present results of the linear regression. Differences in slope

between clearers and non-clearers, and between males and females within those groups were

examined by testing main effects and interaction terms in the regression models.

Incidence of reinfection was estimated among participants with resolved HCV infection; dates

were estimated to occur at the midpoint between last RNA negative (clearance) date and the

first RNA reactive (reinfection) date. Time to first reinfection (2nd HCV infection) was

calculated as the number of days elapsed from estimated date of clearance (midpoint between

last RNA reactive and first RNA negative) to the reinfection date. We did not have enough

cases to examine predictors of reinfection.

Results

Cohort enrollment and characteristics

Between January, 2000 and September, 2007, 1,191 young IDU were screened for anti-HCV;

731 (61.4%) were seronegative of whom 520 (71.1%) were enrolled into the UFO-3 cohort.

Non-enrollment was principally due to participants not returning for results (~50%); the

remainder for other (planning to travel out of San Francisco and refusals) reasons. Twenty-two

(4.3%) enrolled anti-HCV negative participants were found to be RNA positive and were

classified as baseline incident acute HCV infections. Thirteen participants were enrolled who

had evidence of previously resolved infection (anti-HCV positive/HCV RNA negative) for a

total of 533 cohort participants (Figure 1). The median age was 22 years (Interquartile Range

(IQR) 20, 25), under half (45.9%) had completed high-school, two-thirds (65.2%) were male,

and most (76.8%) were white. The reported median number of years injecting was 3.7 (IQR

1.3, 6.0), and median number of days injected in the past month was 20 (IQR 7,30).
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Acute HCV infections

Cumulatively, 132 new HCV infections were detected in over 495 person-years of observation

(PYO) yielding an HCV incidence of 26.7 per 100 PYO (95% CI: 21.5, 31.6). Three additional

acute HCV infections were detected among participants with evidence of previously resolved

infection, yielding a total of 135 acute HCV infections. Of these, 95 (70.4%) had at least two

follow-up visits (Figure 1). No differences were found by sociodemographic, injecting or

sexual behaviors, or incarceration history by follow-up status. Five of the 95 (5.2%) were HIV

positive. Of 56 participants with acute infection identified in the acute pre-seroconversion

window period, 49 (87.6%) had follow-up and 47 (95.9%) seroconverted. Two participants

(one HIV positive (3.6%) did not seroconvert, but remained HCV RNA positive on serial

retesting [26]. A total of 123 (91.1%) samples were genotyped or serotyped: 54% were type 1

or 1a, 14% type 2, 2a, or 2c, 31% type 3, or 3a, and one was type 4.

HCV viral clearance

Among the 95 acutely infected participants with follow-up (Figure 1), 20 (21.1%) cleared HCV

infection; 68 (71.6%) showed persistent chronic viremia; 5 (5.3%) lacked two consecutive

HCV RNA results; and 2 (2.1%) demonstrated intercalated viremia (intermittent positive and/

or negative HCV RNA results) over the observation period, and which could not be classified

as resolved or persistent. Two clearers were HIV positive. Figure 2 shows the estimated HCV

viral persistence probability as a function of number of months following infection. The shaded

95% confidence intervals account for uncertainties in both the time of infection and time of

clearance. Interpreted similarly to a Kaplan-Meier survival curve, the solid line gives the

estimated probability of remaining infected at each time point. The corresponding probability

of clearance at any time point is obtained by subtracting the estimated persistence probability

from one. An estimated 20% of infected individuals clear within nine months of infection (95%

CI, 14%, 27%), leveling off thereafter. Although there is some indication of a possible increase

in clearance probability beginning approximately two years after infection, this is attributed to

only one additional case of delayed clearance and the large uncertainty evident in this period

precludes any definitive interpretation. Estimates of the median time to clearance were not

feasible, as fewer than half the participants were observed to clear in the maximum observed

duration of follow-up. However, to further illustrate the apparent rapid rate of clearance in the

first two years following primary infection, we estimated the probability of clearance within

six and 12 months among individuals observed to clear infection within 24 months: probability

of 6-month clearance was 0.86 (95% CI: 0.40, 1.0), and of 12-month clearance was 0.95 (95%

CI:0.42, 1.0). Thus, among individuals clearing infection within two years, we estimate that

86% will clear in the first six months, and almost all (95%) will clear within twelve months.

Table 1 shows demographic characteristics, exposures and risk behaviors and associations with

HCV clearance. Viral clearance varied significantly by biological sex (p=0.01): clearance

among women was 34.6/100 PYO (95% CI 19.2, 62.5) compared to 12.1/100 PYO (95% CI,

6.3, 23.3) among men. No statistically significant differences were noted in viral clearance by

HCV genotype, although infection with genotype 3 showed a marginal negative association

with clearance compared to genotype 1 (P=0.06). Figure 3 displays estimated HCV persistence

probabilities for female and male participants. The curves reveal similar patterns of clearance

in the two groups, but illustrate the higher overall rates in females.

In multivariate analyses controlling for age, the only factor found to be significantly associated

with clearance was sex: women were significantly more likely to clear HCV infection than

men: HR=3.51 (95% CI, 1.63, 9.70).
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Viremia in early infection

We examined viremia (Log IU/mL) during the six months after detection of infection including

first viral load value, maximum viral load, and the decline in viral load (Table 2). Of 20 clearers,

serial samples were available for 17 (85%) participants. Participants had a median of two tests

(range 1–4) in the six months following infection. The slope of viral load decline was

significantly different (p<0.01) between male and female clearers: females who cleared

infection had a log 83 IU/month decline compared to log 1 IU/month in males Figure 4).

Reinfection

Among 27 participants with resolved HCV infection (the 20 incident cleared infection cases

and seven (of the13) participants who were enrolled as previous resolvers), seven showed

evidence of reinfection (Figure 5). Estimated incidence of first observed reinfection was

24.6/100 PYO (95% CI, 11.7, 51.6). Overall, up to 14 potential reinfections were detected:

three participants with two HCV infections (MN0018, TL0161, MN0561), one with three

infections (SM0047), and three participants with four HCV infections (MN0552, MN0560,

SM0051) (Figure 5). All (100%) of these participants re-cleared HCV RNA after every

reinfection.

Discussion

This study provides a detailed assessment of acute HCV infection outcomes in a large cohort

of young IDU with a high incidence of HCV and a significant number of acute infections.

Analyses using interval censored techniques showed that an estimated 20% of infected

individuals resolved infection, and that 86% of those followed cleared within six months of

infection. Females were over three times more likely to resolve HCV than males, and female

clearers showed a significantly steeper decline in HCV viral load during early infection

compared to male clearers. Finally, reinfection and re-clearance was common.

Numerous studies have shown that women are more likely to resolve HCV infection compared

to men [5,8,27]. Almost half (45%) of women who received HCV contaminated Rh immune

globulin cleared infection [28,29]. Other studies have not shown gender differences including

among IDU [18], or in cross-sectional population samples [30]. In cross-sectional studies, a

temporal effect might be attributed to a loss of detectable antibody in women who resolved

early [8] resulting in underestimation clearance among women [31]. A recent systematic review

of prospective studies of HCV infection supports that clearance is significantly more likely in

women compared to men[2]. Nevertheless, most studies investigating HCV clearance merely

control for gender and therefore this factor remains understudied. Sex differences are also not

well understood with respect to treatment outcomes [32], and progression to liver disease[33,

34], and sex hormones have been hypothesized to be involved [35]. The higher rate of clearance

among women raises a number of important areas to be examined, not only with respect to

controlling infection, but also to potential differences in susceptibility to infection.

For the majority of HCV infected young IDU, infection outcome was determined within six

months, the period generally considered to be the defining threshold for infection outcome.

However, a measureable number of clearance events occurred outside this window, as others

have documented [6,8,16]. In the first two years after infection we show that the probability

of clearing infection levels off nine months after infection. We acknowledge, however that

these results could be underestimates of the true clearance rates due to the relatively short

follow up period [36]. In a retrospective study of transfusion recipients with an overall 35%

clearance rate, 27% cleared within two years, and 8% between 2–10 years later [8]. We also

acknowledge that if participants with aviremia were misclassified as clearers when they were

actually experiencing temporary viral suppression followed by viral rebound, we could be
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overestimating rates of viral clearance. Viral interclations, however are relatively brief and we

expect that with the frequent testing in our cohort, we reduced the chances of misclassification

[8].

Patterns of viral load in early infection [16,37] and clearance [38] are usually examined on an

individual basis, and are often limited by testing frequency. Our analyses assess patterns in

aggregate and present a population perspective of viremia in early infection. Unlike Hofer et

al, [39] we observed neither differences in peak viremia between clearers and non-clearers,

nor in the rate of intermittent viremia prior to ramp-up [40]. Like others we saw steep declines

in viremia [18,38,39], and also show significant differences among clearers by sex. These data

suggest that monitoring changes in viral load in acute infection may help discriminate cases

which should be considered for early HCV treatment from those who might wait for

spontaneous resolution, potentially avoiding unnecessary exposure to HCV chemotherapy.

HCV RNA values obtained at a single time point were not useful in discriminating between

resolvers and non-resolvers, however, and the analyses limit individual inference regarding

prediction of infection outcome. Nevertheless, the data are meaningful on a population level

and demonstrate the need for more research on the predictive value of early viral kinetics in

acute infection.

Frequent HCV viremia testing after initial infection allowed us to demonstrate that the HCV

reinfection incidence was high in our young IDU sample, consistent with others [23,41–43].

Re-clearance of HCV after reinfection is not well studied. Mehta et al, [42] showed that

previously infected IDU were 12 times less likely to develop chronic infection with reinfection,

and that they had lower peak viral loads and a shorter duration of subsequent viremia compared

to initial infection. Gerlach showed viremia generally lasted less than 12 weeks among

reinfected IDU who re-cleared [44]. These and other studies of recurring infection and

clearance in animals demonstrate that host genetic and/or immune responses exist that protect

from chronic infection [45,46]. It is also unknown unclear whether persons who clear one viral

strain have reduced infection susceptibility to the same or different HCV genotypes, as has

been seen in animals [47]. Our results and others show that there is greater genetic heterogeneity

in HCV among active IDU [23] than in clinical and other populations [30,48]. Reinfections

were confirmed in two of the seven cases by a switch in HCV genotypes. The remaining five

cases failed to yield genotype information and will require direct viral sequencing to confirm

that reinfection occurred. The use of serotyping may have limitations: if it reflects the first

infection, subsequent reinfections could be misclassified. Some had very short HCV negative

intervals, which could indicate rapid clearance after reinfection as others have shown[42,44].

Further studies of reinfection and re-clearance are needed to shed more light mechanisms that

may protect against persistent infection [47].

Despite the relatively large number of new infections and systematic follow up, we were

nonetheless limited by the small number of clearance and reinfection events, indicating the

need to combine data from multiple acute infection HCV cohorts to refine estimates for rates

and kinetics HCV infection outcomes. The significant differences found by sex show the need

for further studies of biological and immunological differences between females and males in

HCV infection control. Finally, incidence of HCV remains very high in IDU, and more work

is urgently needed to prepare for and develop vaccines which will offer the most important

opportunity to prevent and control this common bloodborne viral infection [49,50].

Acknowledgments

Funding: This study and the authors were supported by U.S. National Institutes for Health (NIH) 2 R01

DA016017-03A1. Additional support was received from: NIH grants - 5 U19 AI40034-13 (Dr. Page), K01 DA023365

(Dr. Hahn); R01 AI070043 (Dr. Shiboski). Novartis Vaccines & Diagnostics (Emeryville, CA) provided support to

Page et al. Page 7

J Infect Dis. Author manuscript; available in PMC 2010 October 15.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



this study for HCV EIA-3, RIBA-3, and HCV-TMA testing. Roche Molecular Systems, Inc., provided Amplicor HCV

Monitor 2.0 assay kits for some of the HCV RNA testing conducted in this study.

The authors would like to acknowledge the ongoing participation of all the UFO Study participants whose involvement

continues to help provide important information to public health practice and research. The following individuals

contributed unending professional and personal energy to this research: Erin Antunez, Alice Asher, Pam Axelson,

Clara Brandt, Alya Briceno, Caycee Cullen, Rosarie Giuliani, Noah Glaser, Gina Limon, Martha Montgomery, and

Bob Thawley. We also wish to recognize the important contributions the UFO Study receives from the San Francisco

Department of Public Health, including the Communicable Disease Branch and Housing and Urban Health, the

Tenderloin AIDS Resource Center (TARC), SOS, and the Homeless Youth Alliance (HIYA). We acknowledge the

laboratory expertise of Anne Erickson and Yume Phung, at California Pacific Medical Center Hepatology Immunology

laboratory; and Brian Rodgers at Abbott Laboratories in Dartford, U.K., (HCV serotyping testing).

References

1. Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP. The contributions of hepatitis B virus and

hepatitis C virus infections to cirrhosis and primary liver cancer worldwide. J Hepatol 2006;45:529–

38. [PubMed: 16879891]

2. Micallef JM, Kaldor JM, Dore GJ. Spontaneous viral clearance following acute hepatitis C infection:

a systematic review of longitudinal studies. J Viral Hepat 2006;13:34–41. [PubMed: 16364080]

3. Thomas D, Astemborski J, Rai R, et al. The natural history of hepatitis C virus infection: host, viral,

and environmental factors. JAMA 2000;284:450–56. [PubMed: 10904508]

4. Santantonio T, Medda E, Ferrari C, et al. Risk factors and outcome among a large patient cohort with

community-acquired acute hepatitis C in Italy. Clin Infect Dis 2006;43:1154–9. [PubMed: 17029134]

5. Wang CC, Krantz E, Klarquist J, et al. Acute hepatitis C in a contemporary US cohort: modes of

acquisition and factors influencing viral clearance. J Infect Dis 2007;196:1474–82. [PubMed:

18008226]

6. Larghi A, Zuin M, Crosignani A, et al. Outcome of an outbreak of acute hepatitis C among healthy

volunteers participating in pharmacokinetics studies. Hepatology 2002;36:993–1000. [PubMed:

12297849]

7. Furusyo N, hayashi J, Kakuda K, et al. Acute hepatitis C among Japanese hemodialysis patients:

prospective 9-year study. Am J Gastoenterol 2001;95:1592–600.

8. Mosley JW, Operskalski EA, Tobler LH, et al. The course of hepatitis C viraemia in transfusion

recipients prior to availability of antiviral therapy. J Viral Hepat 2008;15:120–8. [PubMed: 18184195]

9. Mosley JW, Operskalski EA, Tobler LH, et al. Viral and host factors in early hepatitis C virus infection.

Hepatology 2005;42:86–92. [PubMed: 15954090]

10. Thimme R, Oldach D, Chang KM, Steiger C, Ray SC, Chisari FV. Determinants of viral clearance

and persistence during acute hepatitis C virus infection. J Exp Med 2001;194:1395–406. [PubMed:

11714747]

11. Orland JR, Wright TL, Cooper SL. Acute hepatitis C. Hepatology 2001;33:321–7. [PubMed:

11172332]

12. Elliot LN, Lloyd AR, Ziegler JB, Ffrench RA. Protective immunity against hepatitis C virus infection.

Immunol Cell Biol 2006;84:239–49. [PubMed: 16509830]

13. Spada E, Mele A, Berton A, et al. Multispecific T cell response and negative HCV RNA tests during

acute HCV infection are early prognostic factors of spontaneous clearance. Gut 2004;53:1673–81.

[PubMed: 15479691]

14. Khakoo SI, Thio CL, Martin MP, et al. HLA and NK cell inhibitory receptor genes in resolving

hepatitis C virus infection. Science 2004;305:872–4. [PubMed: 15297676]

15. Santantonio T, Sinisi E, Guastadisegni A, et al. Natural course of acute hepatitis C: a long-term

prospective study. Dig Liver Dis 2003;35:104–13. [PubMed: 12747629]

16. Villano SA, Vlahov D, Nelson KE, Cohn S, Thomas DL. Persistence of viremia and the importance

of long-term follow-up after acute hepatitis C infection. Hepatology 1999;29:908–14. [PubMed:

10051497]

17. Bakr I, Rekacewicz C, El Hosseiny M, et al. Higher clearance of hepatitis C virus infection in females

compared with males. Gut 2006;55:1183–7. [PubMed: 16434426]

Page et al. Page 8

J Infect Dis. Author manuscript; available in PMC 2010 October 15.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



18. Cox AL, Netski DM, Mosbruger T, et al. Prospective evaluation of community-acquired acute-phase

hepatitis C virus infection. Clin Infect Dis 2005;40:951–8. [PubMed: 15824985]

19. Hahn JA, Page-Shafer K, Lum PJ, et al. Hepatitis C virus seroconversion among young injection drug

users: relationships and risks. J Infect Dis 2002;186:1558–64. [PubMed: 12447730]

20. CDC CfDCaP. Disease burden from hepatitis A, B, and C in the United States. 2008.

http://www.cdc.gov/ncidod/diseases/hepatitis/resource/PDFs/disease_burden.pdf

21. Page-Shafer K, Pappalardo BL, Tobler LH, et al. Testing strategy to identify cases of acute hepatitis

C virus (HCV) infection and to project HCV incidence rates. J Clin Microbiol 2008;46:499–506.

[PubMed: 18032621]

22. Dixit V, Quan S, Martin P, et al. Evaluation of a novel serotyping system for hepatitis C virus: strong

correlation with standard genotyping methodologies. J Clin Microbiol 1995:2978–2983. [PubMed:

8576357]

23. Micallef JM, Macdonald V, Jauncey M, et al. High incidence of hepatitis C virus reinfection within

a cohort of injecting drug users. J Viral Hepat 2007;14:413–8. [PubMed: 17501762]

24. Kim MY, De Gruttola VG, Lagakos SW. Analyzing doubly censored data with covariates, with

application to AIDS. Biometrics 1993;49:13–22. [PubMed: 8513098]

25. Joly P, Commenges D, Letenneur L. A penalized likelihood approach for arbitrarily censored and

truncated data: application to age-specific incidence of dementia. Biometrics 1998;54:185–94.

[PubMed: 9574965]

26. Bernardin F, Stramer SL, Rehermann B, et al. High levels of subgenomic HCV plasma RNA in

immunosilent infections. Virology 2007;367:446–456. [PubMed: 17493654]

27. Alric L, Fort M, Izopet J, et al. Study of host- and virus-related factors associated with spontaneous

hepatitis C virus clearance. Tissue Antigens 2000;56:154–8. [PubMed: 11019916]

28. Kenny-Walsh E. Clinical outcomes after hepatitis C infection from contaminated anti-D immune

globulin. Irish Hepatology Research Group. N Engl J Med 1999;340:1228–33. [PubMed: 10210705]

29. Wiese M, Berr F, Lafrenz M, Porst H, Oesen U. Low frequency of cirrhosis in a hepatitis C (genotype

1b) single-source outbreak in germany: a 20-year multicenter study. Hepatology 2000;32:91–6.

[PubMed: 10869294]

30. Alter MJ, Kruszon-Moran D, Nainan OV, et al. The prevalence of hepatitis C virus infection in the

United States, 1988 through 1994. New England Journal of Medicine 1999;341:556–62. [PubMed:

10451460]

31. Lefrere JJ, Girot R, Lefrere F, et al. Complete or partial seroreversion in immunocompetent individuals

after self-limited HCV infection: consequences for transfusion. Transfusion 2004;44:343–8.

[PubMed: 14996190]

32. Hayashi J, Kishihara Y, Ueno K, et al. Age-related response to interferon alfa treatment in women

vs men with chronic hepatitis C virus infection. Arch Intern Med 1998;158:177–81. [PubMed:

9448556]

33. Sata M, Nakano H, Suzuki H, et al. Sero-epidemiologic study of hepatitis C virus infection in Fukuoka,

Japan. J Gastroenterol 1998;33:218–22. [PubMed: 9605952]

34. Wands J. Hepatocellular carcinoma and sex. N Engl J Med 2007;357:1974–6. [PubMed: 17989393]

35. Nagasue N, Kohno H. Hepatocellular carcinoma and sex hormones. HPB Surg 1992;6:1–6. [PubMed:

1334694]

36. Amin J, Law MG, Micallef J, et al. Potential biases in estimates of hepatitis C RNA clearance in

newly acquired hepatitis C infection among a cohort of injecting drug users. Epidemiol Infect 2006:1–

7.

37. Beld M, Penning M, McMorrow M, Gorgels J, van den Hoek A, Goudsmit J. Different hepatitis C

virus (HCV) RNA load profiles following seroconversion among injecting drug users without

correlation with HCV genotype and serum alanine aminotransferase levels. J Clin Microbiol

1998;36:872–7. [PubMed: 9542901]

38. Aberle JH, Formann E, Steindl-Munda P, et al. Prospective study of viral clearance and CD4(+) T-

cell response in acute hepatitis C primary infection and reinfection. J Clin Virol 2006;36:24–31.

[PubMed: 16483838]

Page et al. Page 9

J Infect Dis. Author manuscript; available in PMC 2010 October 15.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

http://www.cdc.gov/ncidod/diseases/hepatitis/resource/PDFs/disease_burden.pdf


39. Hofer H, Watkins-Riedel T, Janata O, et al. Spontaneous viral clearance in patients with acute hepatitis

C can be predicted by repeated measurements of serum viral load. Hepatology 2003;37:60–4.

[PubMed: 12500189]

40. Glynn SA, Wright DJ, Kleinman SH, et al. Dynamics of viremia in early hepatitis C virus infection.

Transfusion 2005;45:994–1002. [PubMed: 15934999]

41. Aitken CK, Lewis J, Tracy SL, et al. High incidence of hepatitis C virus reinfection in a cohort of

injecting drug users. Hepatology 2008;48:1746–52. [PubMed: 18844233]

42. Mehta SH, Cox A, Hoover DR, et al. Protection against persistence of hepatitis C. Lancet

2002;359:1478–83. [PubMed: 11988247]

43. Dore GJ, Micallef J. Low incidence of HCV reinfection: exposure, testing frequency, or protective

immunity? Hepatology 2007;45:1330. author reply 1331. [PubMed: 17464978]

44. Gerlach JT, Diepolder HM, Zachoval R, et al. Acute hepatitis C: high rate of both spontaneous and

treatment-induced viral clearance. Gastroenterology 2003;125:80–8. [PubMed: 12851873]

45. Forns X, Payette PJ, Ma X, et al. Vaccination of chimpanzees with plasmid DNA encoding the

hepatitis C virus (HCV) envelope E2 protein modified the infection after challenge with homologous

monoclonal HCV. Hepatology 2000;32:618–25. [PubMed: 10960458]

46. Folgori A, Capone S, Ruggeri L, et al. A T-cell HCV vaccine eliciting effective immunity against

heterologous virus challenge in chimpanzees. Nat Med 2006;12:190–7. [PubMed: 16462801]

47. Houghton M, Abrignani S. Prospects for a vaccine against the hepatitis C virus. Nature 2005;436:961–

6. [PubMed: 16107836]

48. Telles, PR.; Hahn, J.; Lum, P., et al. Differences in HCV subtype distribution among high risk HCV

infected populations in San Francisco. Presented at the 4th Internatinal AIDS Society Conference;

Sydney Australia. August 2007; 2007.

49. Page-Shafer K, Hahn JA, Lum PJ. Preventing hepatitis C virus infection in injection drug users: risk

reduction is not enough. AIDS 2007;21:1967–9. [PubMed: 17721105]

50. Hahn J, Wylie D, Dill J, et al. Potential impact of vaccination on the hepatitis C virus epidemic in

injection drug users. Epidemics. Dec;2008 e-pub ahead of print.

Page et al. Page 10

J Infect Dis. Author manuscript; available in PMC 2010 October 15.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



Figure 1.

Enrollment and prospective follow up of incident HCV infection, and infection outcome of

young injection drug users in the UFO-3 Study

Page et al. Page 11

J Infect Dis. Author manuscript; available in PMC 2010 October 15.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



Figure 2.

Estimated HCV viral persistence probability (in months) among young injection drug users

with incident HCV infection. The shaded area shows the 95% confidence interval accounting

for uncertainties in both time of infection and time of clearance.
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Figure 3.

Estimated HCV viral persistence probabilities (in months) among female and male young

injection drug users with incident HCV infection.
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Figure 4.

HCV viral load declines (log iμ/ml/month) in the first 6 months after detection of incident HCV

infection among female and male injection drug users by infection outcome (clearance or

chronic infection).
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Figure 5.

Genotype (GT), HCV RNA and anti-HCV results showing acute HCV infection, reinfection

and re-clearance among young injection drug users who have previously cleared HCV

infection. Visit dates are shown in the lower boxes. Gray boxes ( ) show new acute HCV

infections and reinfections. Participants whose first infection serology was consistent with

previously resolved infection (anti-HCV positive and HCV RNA negative) are shown with

gray stippled boxes ( ).
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