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Abstract

In patients with chronic hepatitis C, the hepatitis C virus (HCV) RNA level is an important
predictor of treatment response. To explore the relationship of HCV RNA with viral and
demographic factors, as well as /L28B genotype, we examined viral levels in an ethnically diverse
group of injection drug users (IDUs). Between 1998 and 2000, the Urban Health Study (UHS)
recruited IDUs from street settings in San Francisco Bay area neighborhoods. Participants who
were positive by HCV EIA were tested for HCV viremia by a bDNA assay. HCV genotype was
determined by sequencing the HCV NS5B region. For a subset of participants, /L2688 rs12979860
genotype was determined by Tagman. Among 1701 participants with HCV viremia, median age
was 46 years and median duration of injection drug use was 26 years; 56.0% were African
American and 34.0% were of European ancestry (non-Hispanic). HIV-1 prevalence was 13.9%.
The overall median HCV RNA level was 6.45 logyq copies/ml. In unadjusted analyses, higher
levels were found with older age, male gender, African American ancestry, HBV infection, HIV-1
infection and /L28B rs12979860-CC genotype; compared to participants infected with HCV
genotype 1, HCV RNA was lower in participants with genotype 3 or genotype 4. In an adjusted
analysis, age, gender, racial ancestry, HIV-1 infection, HCV genotype and /L28B rs12979860
genotype were all independently associated with HCV RNA. Conclusion: The level of HCV
viremia is influenced by a large number of demographic, viral and human genetic factors.
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Chronic infection with hepatitis C virus (HCV) is a leading cause of hepatocellular
carcinoma, end stage liver disease and liver transplantation.(1) Successful anti-viral
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treatment (i.e., sustained virological response) reduces the risk of these outcomes. Higher
HCV RNA levels are associated with a lower rate of sustained virological response to
current standard pegylated interferon/ribavirin therapy(2) and, possibly, higher rates of
maternal-fetal transmission. (3) In previous studies, a number of factors have been shown to
be associated with higher HCV RNA levels, including demographic, viral and human
genetic factors, (4-7) but to our knowledge no previous study has looked at all of these
elements simultaneously.

The incidence and prevalence of HCV infection among injection drug users (IDUs) are high.
The Urban Health Study (UHS) was an epidemiological and interventional research project
that enrolled a multi-ethnic population of IDUs in the San Francisco Bay area. Between
1998 and 2000, we collected data and specimens from these persons for studies of
demographic, viral and host determinants of infection with viruses that may cause cancer (8,
9). At that time, this group had extremely limited access to anti-HCV therapies, therefore,
HCV RNA levels in UHS participants are largely unaffected by selective effects of previous
treatment. Here we explore the association of virologic and demographic factors, as well as
1L.28B genotype, on HCV RNA levels in this multi-ethnic cohort of HCV-infected IDUs.

Subjects and Data Collection

As previously reported, UHS investigators recruited IDUs from six San Francisco Bay area
neighborhoods (10). All individuals 18 years of age or older who had injected illicit drugs
within the past 30 days or who had previously participated in UHS were eligible for
enrollment. Study participants received modest monetary compensation. Although some
participants had received hepatitis B vaccine (9), few, if any, were treated for HBV or HCV
infection. Participants were not asked about treatment for HCV infection during 1998-2000,
but in 2002 only 3% of UHS participants reported interferon-based treatment for HCV
infection, (11) thus the vast majority of subjects in this study had never received treatment
for chronic hepatitis C. Among the 237 subjects in this analysis who tested positive for
human immunodeficiency virus type 1 (HIV-1), 47 (19.8%) reported taking at least one anti-
retroviral drug at the time of enrollment.

Trained staff obtained informed consent from the participants, including explicit written
consent for host genetic testing. Participants were interviewed using a standardized
instrument, counseled on reducing infection risks, and referred to appropriate medical and
social services. Participants were asked about socio-demographic characteristics and their
injection drug history, including age at first injection. Blood samples were collected by a
trained phlebotomist. Further details about UHS are provided elsewhere.(10) The study was
approved by the Committee on Human Subjects Research at University of California, San
Francisco and an Institutional Review Board of the National Cancer Institute.

We assessed possible repeat enroliment by comparing demographic information, including
gender, birth date, race and site of enrollment. Enrollees who appeared very similar
demographically were evaluated by DNA testing (as described below). Among 2296 UHS
participants, 2092 were positive for HCV antibody of whom 2073 had sufficient specimen to
be tested for HCV RNA. Among these 2073 participants, 1701 had detectable HCV RNA in
the plasma and were included in the current study.

Viral Serology

As previously described,(9) to define HCV infection status, we first tested for HCV antibody
by HCV version 3.0 ELISA Test System (Ortho-Clinical Diagnostics, Raritan, NJ).
Participants who were positive by HCV EIA were considered to have been infected with
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HCV and those with sufficient archived plasma (n=2073) were tested for HCV viremia by a
branched-chain DNA assay [VERSANT® HCV RNA 3.0 Assay (hDDNA), Bayer-
Diagnostics, Tarrytown, NY’; analytic sensitivity, 2.5x103 copies/ml]. Those positive for
HCV RNA were considered to have chronic HCV infection and those with a negative result
were considered to have resolved HCV infection. Methods of testing for HIVV-1 and HBV
infection status in these subjects have been described.(9)

Determination of Viral Genotypes

Total nucleic acid was isolated from 500 pl of serum (Roche MagNa Pure LC Total Nucleic
Acid Isolation Kit-Large Volume, Roche Diagnostics Corporation, Indianapolis, IN) and
reverse transcription was performed. PCR was carried out in a reaction mixture containing 3
pl of cDNA, 10 pl of HotStar Tag Master Mix (Qiagen) and 1 pl of each of the following
primers: forward 5"-TGGGGTTCTCGTATGATACCC-3" and reverse 5’-
CCTGGTCATAGCCTCCGTGAA-3’ to amplify the 5'-NS5b region. PCR product was
purified with Exosap-IT (USB Corporation) and combined with 2.0 .l of Big Dye
terminator (ABI Prism Big Dye Terminator cycle sequencing ready reaction kit v3.1) and
100pmol of primer forward (5'-NC or 5’-NS5B). The sequencing reaction was carried out
for 30 cycles and electrophoresis was performed on an ABI Prism 3730 XL instrument
(Genewiz, South Plainfield, NJ, USA).

Raw sequence data were analyzed by Sequencher 4.8 Gene codes to trim ambiguous
sequences. To query HCV genotype, sequences were compared to an HCV database
operated by the Los Alamos National Laboratory
(http://hcv.lanl.gov/content/sequence/BASIC_BLAST/basic_blast.html) using BLAST.
Viral genotype call was based on the highest score and lowest e-value, using the NS5B
sequence unless those results were negative or missing, in which case genotype was based
on the 5"NC region.

IL28B Genotyping

DNA was extracted from cryopreserved lymphocytes using a modified salt precipitation-
extraction method (Gentra Systems, Minneapolis, MN) or from granulocytes using silica
membrane binding method using Qiagen DNA purification columns (Qiagen Inc, Valencia,
CA). The NCI Core Genotyping Facility performed genotyping for /288 rs12979860 using
an optimized TagMan™ assay (available at:
http://variantgps.nci.nih.gov/cgfseq/pages/snp500.do).

Statistical Analyses

All analyses were cross-sectional and based on a single study visit. We determined median
HCV RNA levels (logyg copies/ml) overall and among subgroups. As neither log;g HCV
RNA nor alternative transformations of these data were normally distributed, non-parametric
statistical methods were the basis of the analysis. We used the Wilcoxon (Kruskal-Wallis) to
compare the distribution of HCV RNA levels for variables in SAS PROC NPARIWAY. To
perform multivariate analysis we divided HCV RNA into quintiles and examined
determinants of higher HCV RNA in unconditional ordinal logistic regression models that
included age [or duration of injection drug use], gender, race/ethnicity, HBV infection,
HIV-1 infection and HCV genotype (SAS PROC LOGISTIC). All analyses were performed
using SAS version 9.1 (SAS Institute, Cary, NC).
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Results

Study Population

A total of 2092 UHS subjects had antibody to HCV. Among these, 2073 participants had
sufficient plasma to be tested for HCV RNA of whom 1701 (82.1%) had detectable HCV
RNA. Demographic and clinical features for the 1701 participants with HCV viremia were
generally similar to those among all UHS subjects with HCV antibodies (Table 1). Among
those with detectable HCV RNA, the median age at enrollment was 46 years, the median
age at which a drug was first injected was 18 years and the median time from first use of
injection drugs to enrollment was 26 years. Most participants (72.4%) were men. Over half
(56.0%) of the participants considered themselves African American, 34.0% white (non-
Hispanic), 6.8% Latino (non-African American), 1.1% were Asian or Pacific Islanders and
2.2% were American Indian or Alaska natives. Infection with HIV-1 was present in 237
(13.9%) participants. As previously reported in this and other cohorts (7, 8, 12), chronic
hepatitis B was less frequent and HIV-1 infection was more frequent among participants
with chronic hepatitis C.

Predictors of HCV RNA Levels

All Subjects—Among participants with detectable virus, the median HCV RNA level was
6.45 logyg copies/ml [inter-quartile range, 5.97-6.89]. Median viral levels were
progressively higher in each older age category, ranging from 6.15 log;o copies/ml among
participants 18-29 years at enrollment to 6.59 logg copies/ml among those >50 years of age
(p<0.0001; Table 2). Duration of injection drug use is highly correlated with age at
enrollment in UHS participants (r2=0.74) and there was also a strong trend toward higher
HCV RNA levels with longer duration of drug use (<0.0001). HCV RNA levels were higher
in men (6.52 logyg copies/ml) than women (6.29 logyg copies/ml; p<0.0001). With regard to
race and ethnicity, the highest levels were found in African American participants (6.49
logg copies/ml), intermediate viral levels were found in white participants of non-Hispanic
origin (6.35 log;q copies/ml) and Latinos (6.39 logg copies/ml), and the lowest levels were
found in those who reported their ancestry as Asian, Pacific Islander, American Indian or an
Alaska native (6.24 logg copies/ml; Table 2) with similar median HCV RNA levels among
Asian/Pacific Islanders (6.24 log;g copies/ml; n=19) and American Indians/Alaska natives
(6.18 logy g copies/ml; n=37). Regarding infection with other viruses, for subjects overall,
those without antibody to HBV had lower HCV RNA levels than those with resolved or
chronic HBV infection (Table 2). HCV RNA levels were higher in HIV-infected participants
(6.73 logyg copies/ml) than in HIV-uninfected IDUs (6.40 logg copies/ml; p<0.0001).

We also performed analyses stratified by HIV-1 infection status (Table 2). Among the
HIV-1-uninfected participants, the patterns of association were very similar to those seen
among all viremic subjects except the HCV RNA level was consistently lower for each
characteristic examined. Among the 237 HIV-1-infected participants, differences by age,
gender, and duration of drug use were blunted or absent, but differences between African
American and white participants were preserved (0.01).

Among the participants with detectable virus, 1669 had a specimen available for viral
genotyping and 1524 (91.3%) of those subjects were successfully genotyped (Table 3). Most
participants were infected with an HCV-genotype 1 strain (1a, 69.0%; 1b, 10.0%), but 9.3%
were infected with a genotype 2 strain, 10.6% with a genotype 3 strain and 1.1% with
genotype 4a. The median HCV RNA level did not differ significantly between participants
infected with 1a (6.50 logyg copies/ml) and those infected with 1b (6.63 logyg copies/ml;
p=0.11). In comparison to participants who were infected with genotype 1 (median HCV
RNA, 6.50 logyq copies/ml), HCV RNA was lower in those infected with genotype 3 (6.34
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logyg copies/ml; p=0.0003) or genotype 4 (6.12 logg copies/ml; p=0.03). We observed the
lowest median HCV RNA level (5.64 logyg copies/ml) among participants who had
detectable HCV RNA, but could not be genotyped.

IL 28B rs12979860 Genotype: /L 288 genotyping was performed for a subset of the
participants with chronic hepatitis C (table 4). Among 347 African American participants,
we saw no differences in viral levels by /L 28B genotype. Among 391 European American
IDUs, those with the /L28-CC genotype had a higher median HCV RNA level (6.67 logqg
copies/ml) than those with /L28TT (6.12; p=0.01); the median HCV RNA level among
European American participants with the /L28CT genotype was 6.26 logyg copies/ml.
Among 88 participants of Hispanic ethnicity, median HCV RNA levels for those with the
1L.28-CC (6.63 logqg copies/ml) and /L28-TT (6.19 log1g copies/ml) genotypes were similar
to those seen in European American participants, but this difference was not statistically
significant among participants of Hispanic ethnicity, which is a much smaller group.

Multivariate Analyses: Results from the multivariable ordinal logistic regression analysis
(Table 5) confirmed the unadjusted findings. HCV RNA levels were higher for older
participants, men and those infected with HIV-1. Compared to African Americans, HCV
RNA levels were lower in all other ancestry groups, although this difference did not
approach statistical significance for the comparison with Latinos (p =0.44). Regarding viral
genotype, compared to those infected with genotype 1, participants infected with genotype 2
had higher HCV RNA (p=0.01). The /L28B-CC genotype was associated with higher HCV
RNA (p = 0.001). A model that substituted duration of drug use for age produced similar
results. In view of the findings in Table 4, we also conducted a multivariate analysis that
including a term for an interaction between /L28Brs12979860 genotype and race/ethnicity,
but this interaction was not statistically significant (p>0.10).

Discussion

In this large multi-racial cohort of IDUs with chronic hepatitis C infection, HCV RNA levels
were independently associated with six factors: age, gender, racial ancestry, HIV-1
infection, HCV genotype and host /L28B rs12979860 genotype.

HCV RNA levels tended to be higher with older age and longer duration of drug injection,
variables that are highly correlated in this study. The average time since initiation of drug
use in these IDUs is 19 years and, at least until recently, most IDUs who enrolled in UHS
became infected with HCV relatively soon after initiating drug injection(9). We believe,
therefore, that reported years of injection drug practices is a reasonable proxy for the time
since initial infection with HCV. Our data suggest that HCV RNA levels may increase over
time. Consistent findings were previously reported in another cross-sectional study of IDUs,
(6) but results from longitudinal studies of HCV RNA are mixed. The study with the longest
follow-up period (median, 9.2 years) found that HCV RNA levels increased over time (13),
but studies based on shorter follow-up periods (average 1-5 years), which may have lacked
the statistical power to exclude modest increases, did not(14-16), .\We speculate that HCV
may propagate more efficiently over time, perhaps due to selection of HCV variants with
high replicative efficiency or host loss of immunological control of HCV.

In the absence of HIV-1 infection, HCV-RNA levels tended to be lower for women
compared to men and this difference remained after potential confounding variables were
considered. Among the 237 HIV-infected UHS participants, however, median HCV RNA
levels were similar in women and men. In the ALIVE study of IDUs, lower HCV RNA
levels were observed in women compared to men among HIV-uninfected subjects, although
that association was not statically significant in a multivariate analysis (6). As in our study,
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HCV RNA levels did not differ by gender among the HIV-infected ALIVE participants.
Among HCV-infected Alaska Natives, women had much lower levels of HCV RNA than
men (17).

Comparing HCV RNA by racial ancestry, African American UHS participants tended to
have higher levels than participants of European or Asian ancestry, even after we considered
other factors, including /L28B genotype. Few previous studies have been able to make such
comparisons. In ALIVE, no difference in HCV RNA levels was seen between African
American subjects and those of other races, however, only 40 non-African American
subjects were included in that analysis.(6) Among patients enrolled in treatment trials for
chronic hepatitis C, pre-treatment HCV RNA levels did not different between African
American and European American subjects in either the VirahepC (18) or IDEAL (19)
studies.

HCV-RNA levels were considerably higher among UHS participants who were infected
with HIV-1 compared to those who were not (6.73 versus 6.40 logy copies/ml), which is
consistent with the results from a number of previous studies. (6) (13, 20-23) In our study,
we were able to control for a fuller range of potential confounding, but this association
remained strong even when these factors were considered.

Among the subjects for whom we could determine viral genotype, almost 80% were infected
with HCV genotype 1A or 1B; the median HCV RNA level in this group was 6.51 logqg
copies/ml. Nonetheless, consistent with other studies among injection drug users (6, 7), we
found a diversity of HCV genotypes in this population - 321 UHS participants had HCV
genotypes 2, 3, or 4. Those who were infected with HCV genotype 2 had higher HCV RNA
levels (median, 6.69 logp) than those infected with genotype 1, although this difference
reached statistical significance only in the subsample with /L28B genotype data available.
We observed lower viral levels in participants who were infected with genotype 3 (median,
6.34 logyp). Those findings remained significant in the multivariable analysis of the whole
sample, but lost significance when the analysis was restricted to the subsample with /L28B
genotype data, perhaps due to insufficient statistical power. Among the 17 subjects with
HCV genotype 4 infection, the median HCV RNA level was 6.12 logg. Consistent with our
findings, an earlier report of Swiss blood transfusion recipients co-infected with HIV-1
showed the highest HCV RNA levels in patients with genotype 2, and the lowest levels in
patients with genotype 4 (24). In a multi-national study (predominantly IDUs), HCV RNA
levels were lowest among subjects infected with genotypes 3 or 4, and similar among those
with genotypes 1 and 2, although relatively few subjects with genotype 2 were included in
this analysis(7). Among Alaska Natives, the lowest HCV RNA levels were found in persons
infected with HCV genotypes 3a and the highest in those infected with genotype 2b. In that
population, no patients were found to be infected with genotype 4. (17)

Several variables that we found to be associated with higher HCV RNA among UHS
participants (older age, male gender, African ancestry and HIV infection) were previously
associated with failure to spontaneously clear HCV infection in this cohort, (8) as well as in
other studies.(2, 6, 12, 20) The /L28B-CC genotype is an exception to this pattern. This
genotype is associated with a higher frequency of spontaneous HCV clearance in UHS
(25)and other studies (26-30) and a higher likelihood of a successful response to
peginterferon-ribavirin combination therapy, but paradoxically, it was also associated with
higher HCV RNA (among the European American participants and UHS subjects overall).
A number of prior reports also found the otherwise favorable /L28B genotype to be
associated with higher baseline HCV RNA, (4, 31, 32) (although some other studies did not
(26, 27)). The association of /L28B-CC genotype with both better response to therapy and
higher serum HCV-RNA in the absence of treatment seems counterintuitive, but, prior to

Hepatology. Author manuscript; available in PMC 2013 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Uccellini et al.

Page 7

therapy, patients with the /L28B-CC genotype have lower expression of interferon
stimulated genes induced by the JAK-STAT pathway.(33, 34) Thus, patients with the
favorable genotype appear to have less endogenous interferon activity, but greater
responsiveness to exogenous interferon-a.

Comparing participants by racial ancestry, African American UHS participants had the
highest HCV RNA levels despite having the lowest frequency of the /L28B-CC genotype.
Thus, not only does the lower prevalence of the /L28B-CC genotype among African
Americans not explain their higher viral loads, but controlling for /L 288 genotype actually
increases the disparity in viral loads between African Americans and both whites and Asian/
Amerindian participants. Furthermore, we did not see the association between higher HCV
RNA and /L28B-CC among the African American participants. It is possible, therefore, that
additional genetic factors lead to poorer viral control among persons of African ancestry.

Our study has a number of strengths. UHS is a cohort of street-recruited IDUs, therefore, we
could compare HCV RNA across ancestral groups or individual infected with different viral
genotypes without the potential biases caused by markedly differing sources of HCV
infection or socioeconomic status. Few, if any, of the UHS participants had been treated for
HCV infection, therefore, the HCV RNA values among these subjects were not subject to
selection by previous HCV treatment. The relatively large size of the cohort provided good
statistical power for many comparisons, although our power was low for certain variable
categories, including Hispanic or Asian ancestry and viral genotypes 3 or 4. The limitations
of our study should be considered as well. The cross-sectional design did not allow us to
determine the timing of HCV, HBV and HIV infections among the participants and we also
could not differentiate the effect of duration of infection (as estimated by number of years of
drug injection) from the effect of age because these factors are highly correlated. As
mentioned above, we could not determine whether the relationship between duration of
infection might represent super-infection, immune senescence or some other factor that
varies with time or age. CD4+ lymphocytes counts were not measured for UHS subjects,
therefore, we could not consider the extent of immunodeficiency present among the 13.9%
of participants in this analysis who were co-infected with HIV-1. Successful antiretroviral
therapy in HIV-HCV co-infected individuals may increase HCV RNA levels, at least
temporarily, especially among individuals with lower CD4+ counts,(35) but our data were
too limited to allow us to examine this effect.

We performed viral genotyping by direct sequencing, the ‘gold standard’ technique for
discriminating HCV types and subtypes. (36) This genotyping was based on the NS5B
region, which tends to produce more accurate results than the 5"NC region, (37-39) but this
method allowed us to detect only the dominant circulating strain of HCV. An important
concern in this analysis is whether methodological differences may account for the
discrepancies in HCV RNA levels between different genotypes. We used a third generation
bDNA) assay with an analytic sensitivity of 2.5x103 copies/ml to measure viral levels. This
method amplifies signal rather than target, which is the basis for classical reverse
transcription polymerase chain reaction (PCR) and transcription-mediated amplification
assays. First-generation bDNA assays underestimated levels of HCV genotype 2 and 3 (40),
but third-generation bDNA tests are accurate, reproducible andwell calibrated to the World
Health Organization HCV RNA standard. (41) In support of our findings, a previous report
of an association between HCV genotype 4 infection and lower HCV RNA levels was based
on measurement by PCR and determined that the results were not influenced by viral
genotype-specific amplification bias (24).

In conclusion, the level of HCV viremia, an important predictor of response to HCV
treatment, is itself influenced by a wide range of demographic, viral and host genetic factors.
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A better understanding of the determinants of HCV viremia might lead to improved
treatment of patients with chronic hepatitis C.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This research was supported by the Intramural Research Program of the National Institutes of Health (National
Cancer Institute, Division of Cancer Epidemiology and Genetics; NIH Clinical Center) and by Federal funds from
National Cancer Institute contracts # NO1-CO-12400 and # N02-CP-91027. This work was also supported by
National Institutes of Health grants #R01-DA09532, R01-DA12109, R01-DA13245 and R01-DA16159 (NIH);
Substance Abuse and Mental Health Services Administration grant #H79-T112103 (Center for Substance Abuse
Treatment); and the City and County of San Francisco Department of Public Health.

References

1. NIH consensus statement on management of hepatitis C: 2002. NIH Consens State Sci Statements.
2002; 19:1-46.

2. Torriani FJ, Rodriguez-Torres M, Rockstroh JK, Lissen E, Gonzalez-Garcia J, Lazzarin A, et al.
Peginterferon alfa-2a plus ribavirin for chronic hepatitis C virus infection in HIV-infected patients.
New Engl J Med. 2004; 351:438-450. [PubMed: 15282351]

3. Ohto H, Terazawa S, Sasaki N, Sasaki N, Hino K, Ishiwata C, et al. Transmission of hepatitis C
virus from mothers to infants. N Engl J Med. 1994; 330:744-750. [PubMed: 8107740]

4. Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ, et al. Genetic variation in IL28B
predicts hepatitis C treatment-induced viral clearance. Nature. 2009; 461:399-401. [PubMed:
19684573]

5. Page K, Hahn JA, Evans J, Shiboski S, Lum P, Delwart E, et al. Acute hepatitis C virus infection in
young adult injection drug users: a prospective study of incident infection, resolution, and
reinfection. J Infect Dis. 2009; 200:1216-1226. [PubMed: 19764883]

6. Thomas DL, Astemborski J, Vlahov D, Strathdee SA, Ray SC, Nelson KE, et al. Determinants of
the quantity of hepatitis C virus RNA. J Infect Dis. 2000; 181:844-851. [PubMed: 10720503]

7. Soriano V, Mocroft A, Rockstroh J, Ledergerber B, Knysz B, Chaplinskas S, et al. Spontaneous
viral clearance, viral load, and genotype distribution of hepatitis C virus (HCV) in HIV-infected
patients with anti-HCV antibodies in Europe. J Infect Dis. 2008; 198:1337-1344. [PubMed:
18767985]

8. Tseng FC, Edlin BR, Zhang M, Kral A, Busch MP, Ortiz-Conde BA, et al. The inverse relationship
between chronic HBV and HCV infections among injection drug users is associated with decades of
age and drug use. J Viral Hepat. 2008; 15:690-698. [PubMed: 18507757]

9. Tseng FC, O’Brien TR, Zhang M, Kral AH, Ortiz-Conde BA, Lorvick J, et al. Seroprevalence of
hepatitis C virus and hepatitis B virus among San Francisco injection drug users, 1998 to 2000.
Hepatology. 2007; 46:666-671. [PubMed: 17657818]

10. Atkinson J, Edlin BR, Engels EA, Kral AH, Seal K, Gamache CJ, et al. Seroprevalence of human
herpesvirus 8 among injection drug users in San Francisco. J Infect Dis. 2003; 187:974-981.
[PubMed: 12660944]

11. Seal, KH.; Kral, AH.; Lorvick, J.; Gee, L.; Tsui, JI.; Edlin, BR. Among injection drug users,
interest is high, but access low to HCV antiviral therapy. J Gen Intern Med; Society of General
Internal Medicine, 28th annual meeting, New Orleans, Louisiana, USA; May 11-14, 2005; 2005.
p. 171

12. Thomas DL, Astemborski J, Rai RM, Anania FA, Schaeffer M, Galai N, et al. The natural history
of hepatitis C virus infection: host, viral, and environmental factors. JAMA. 2000; 284:450-456.
[PubMed: 10904508]

Hepatology. Author manuscript; available in PMC 2013 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Uccellini et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 9

Eyster M, Fried M, Di Bisceglie A, Goedert J. Increasing hepatitis C virus RNA levels in
hemophiliacs: relationship to human immunodeficiency virus infection and liver disease.
Multicenter Hemophilia Cohort Study. Blood. 1994; 84:1020-1023. [PubMed: 8049420]

Gordon SC, Dailey PJ, Silverman AL, Khan BA, Kodali VP, Wilber JC. Sequential serum hepatitis
C viral RNA levels longitudinally assessed by branched DNA signal amplification. Hepatology.
1998; 28:1702-1706. [PubMed: 9828238]

Hollingsworth RC, Sillekens P, van Deursen P, Neal KR, Irving WL. Serum HCV RNA levels
assessed by quantitative NASBA®: stability of viral load over time, and lack of correlation with
liver disease. J Hepatology. 1996; 25:301-306.

Yeo AET, Ghany M, Conry-Cantilena C, Melpolder JC, Kleiner DE, Shih JWK, et al. Stability of
HCV-RNA level and its lack of correlation with disease severity in asymptomatic chronic hepatitis
C virus carriers. J Viral Hepat. 2001; 8:256-263. [PubMed: 11454176]

McMahon BJ, Hennessy TW, Christensen C, Bruden D, Sullivan DG, Homan C, et al.
Epidemiology and risk factors for hepatitis C in Alaska Natives. Hepatology. 2004; 39:325-332.
[PubMed: 14767985]

Conjeevaram HS, Fried MW, Jeffers LJ, Terrault NA, Wiley-Lucas TE, Afdhal N, et al.
Peginterferon and ribavirin treatment in African American and Caucasian American patients with
hepatitis C genotype 1. Gastroenterology. 2006; 131:470-477. [PubMed: 16890601]

Muir AJ, Hu KQ, Gordon SC, Koury K, Boparai N, Noviello S, et al. Hepatitis C treatment among
racial and ethnic groups in the IDEAL trial. J Viral Hepat. 2011; 18:134-e143. [PubMed:
21108699]

Daar ES, Lynn H, Donfield S, Gomperts E, Hilgarther MW, Hoots WK, et al. Relation between
HIV-1 and hepatitis C viral load in patients with hemophilia. JAIDS. 2001; 26:466—472. [PubMed:
11391167]

Telfer PT, Brown D, Devereux H, Lee CA, Sheiko GMD. HCV RNA levels and HIV infection:
evidence for a viral interaction in haemophilic patients. Brit J Haematol. 1994; 88:397-399.
[PubMed: 7803289]

Beld M, Penning M, Lukashov V, McMorrow M, Roos M, Pakker N, et al. Evidence that both HIV
and HIV-induced immunodeficiency enhance HCV replication among HCV seroconverters.
Virology. 1998; 244:504-512. [PubMed: 9601518]

Sherman KE, O’Brien J, Gutierrez AG, Harrison S, Urdea M, Neuwald P, et al. Quantitative
evaluation of hepatitis C virus RNA in patients with concurrent human immunodeficiency virus
infections. J. Clin. Microbiol. 1993; 31:2679-2682. [PubMed: 8253965]

Rauch A, Gaudieri S, Evison J, Nolan D, Cavassini M, Weber R, et al. Low current and nadir
CDA4+ T-cell counts are associated with higher hepatitis C virus RNA levels in the Swiss HIV
Cohort Study. Antiviral Therapy. 2008; 13:455-460. [PubMed: 18572759]

Shebl FM, Pfeiffer RM, Buckett D, Muchmore B, Chen S, Dotrang M, et al. IL28B rs12979860
genotype and spontaneous clearance of hepatitis C virus in a multi-ethnic cohort of injection drug
users: evidence for a supra-additive association. J Infect Dis. 2011; 204:1843-1847. [PubMed:
22013224]

Rauch A, Kutalik Z, Descombes P, Cai T, Di lulio J, Mueller T, et al. Genetic variation in IL28B is
associated with chronic hepatitis C and treatment failure: a genome-wide association study.
Gastroenterology. 2010; 138:1338-1345. €1337. [PubMed: 20060832]

Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, O’hUigin C, et al. Genetic variation in 1L28B and
spontaneous clearance of hepatitis C virus. Nature. 2009; 461:798-801. [PubMed: 19759533]
Tillmann HL, Thompson AJ, Patel K, Wiese M, Tenckhoff H, Nischalke HD, etal. A
polymorphism near IL28B is associated with spontaneous clearance of acute hepatitis C virus and
jaundice. Gastroenterology. 2010; 139:1586-1592. e1581. [PubMed: 20637200]

Grebely J, Petoumenos K, Hellard M, Matthews GV, Suppiah V, Applegate T, et al. Potential role
for Interleukin-28B genotype in treatment decision-making in recent hepatitis C virus infection.
Hepatology. 2010; 52:1216-1224. [PubMed: 20803561]

Montes-Cano MA, Garcia-Lozano JR, Abad-Molina C, Romero-Gémez M, Barroso N, Aguilar-
Reina J, et al. Interleukin-28B genetic variants and hepatitis virus infection by different viral
genotypes. Hepatology. 2010; 52:33-37. [PubMed: 20578254]

Hepatology. Author manuscript; available in PMC 2013 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Uccellini et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 10

McCarthy JJ, Li JH, Thompson A, Suchindran S, Lao XQ, Patel K, et al. Replicated association
between an IL28B gene variant and a sustained response to pegylated interferon and ribavirin.
Gastroenterology. 2010; 138:2307-2314. [PubMed: 20176026]

Labarga P, Soriano V, Caruz A, Poveda E, Di Lello F, Hernandez-Quero J, et al. Association
between IL28B gene polymorphisms and plasma HCV-RNA levels in HIV/HCV-co-infected
patients. AIDS. 2011; 25:761-766. [PubMed: 21378537]

Honda M, Sakai A, Yamashita T, Nakamoto Y, Mizukoshi E, Sakai Y, et al. Hepatic ISG
expression is associated with genetic variation in IL28B and the outcome of IFN therapy for
chronic hepatitis C. Gastroenterology. 2010; 139:499-509. [PubMed: 20434452]

Urban TJ, Thompson AJ, Bradrick SS, Fellay J, Schuppan D, Cronin KD, et al. IL28B genotype is
associated with differential expression of intrahepatic interferon-stimulated genes in patients with
chronic hepatitis C. Hepatology. 2010; 52:1888-1896. [PubMed: 20931559]

Chung RT, Evans SR, Yang Y, Theodore D, Valdez H, Clark R, et al. Immune recovery is
associated with persistent rise in hepatitis C virus RNA, infrequent liver test flares, and is not
impaired by hepatitis C virus in co-infected subjects. AIDS. 2002; 16:1915-1923. [PubMed:
12351951]

Simmonds P, Alberti A, Alter HJ, Bonino F, Bradley DW, Brechot C, et al. A proposed system for
the nomenclature of hepatitis C viral genotypes. Hepatology. 1994; 19:1321-1324. [PubMed:
8175159]

Chen Z, Weck KE. Hepatitis C virus genotyping: interrogation of the 5" untranslated region cannot
accurately distinguish genotypes 1a and 1b. J. Clin. Microbiol. 2002; 40:3127-3134. [PubMed:
12202542]

Murphy DG, Willems B, Deschenes M, Hilzenrat N, Mousseau R, Sabbah S. Use of sequence
analysis of the NS5B region for routine genotyping of hepatitis C virus with reference to C/E1 and
5" untranslated region sequences. J. Clin. Microbiol. 2007; 45:1102-1112. [PubMed: 17287328]
Tamalet C, Colson P, Tissot-Dupont H, Henry M, Tourres C, Tivoli N, et al. Genomic and
phylogenetic analysis of hepatitis C virus isolates: A survey of 535 strains circulating in southern
France. J Med Virol. 2003; 71:391-398. [PubMed: 12966544]

Johnson YNL, Mizokami M, Kolberg JA, Davis GL, Prescott LE, Ohno T, et al. Application of six
hepatitis C virus genotyping systems to sera from chronic hepatitis C patients in the United States.
J Infect Dis. 1995; 171:281-289. [PubMed: 7844363]

Chevaliez S, Bouvier-Alias M, Brillet R, Pawlotsky JM. Overestimation and underestimation of
hepatitis C virus RNA levels in a widely used real-time polymerase chain reaction-based method.
Hepatology. 2007; 46:22-31. [PubMed: 17525931]

Hepatology. Author manuscript; available in PMC 2013 July 01.



Page 11

Uccellini et al.

NIH-PA Author Manuscript

€ ‘UoN3JUI T-AlH ‘TE ‘4apuab :erep Buissi

q

(aynusdsad Emw-m__EmSma Emmv abuel a1enbiaiul ”mo_m

e L0T 8€T  TT¢C 6€T L€ 34 A T4 uonaR4uIl T-AIH
6vT  TET 06T 62¢C SYT LT vyl 20 Ppajeu1d9eAUN pue Palasjulun
€Y 8¢ 587 S99 v 0L L€ 8. pajeurddep
TLL 089 G'8L  LBTT 6L 8¥ET v'8L  TY9T panjosay
ze 82 LT 9 LT 6C 34 €S oaluoIyD
90 g S0 L 7’0 L 60 81 anay
uonv3ul SNUIA g siijedaH
20 z 70 z 70 [ 10 z BYOo
T 9€ 12 e 2z L€ 8 85 uelpu| UedLBWY
0 81 0T ST TT 61 €1 8z 19pue|s| d1410Ed IO UBISY
00T 88 09 6 89 GIT 08 91 oupeT]
€6E  LVE G95 198 665 156 TS 80T UBDLIBWY UBDLY
€ry  T6E eve TS 6'€€  LLS €98 6SL 3HUM
2aoey
€0e 192 69 L0V 9z S9v 62 009 afewaS
L'69  ST9 TE€L  ¥OTT el zean 6'0L  TOVT 3B
Q»mvcwmu
% 'ON % 'ON % 'ON % 'ON
29T 8T ¥2-9T 8T 72-9T 8T v2-9T 8T asn Bnup uonoalul 1siiy e 9by
T€-8T SC €8T 92 €8T 9 T€LT G2 asn Bnup uonoalul o sres A
6765 v 0507 9% 0507 9% 0507 S¥ Juswjoaud 18 3By
4Ol uvelpBN ¥OI UelRIN ¥DI welpPN MOI LRIl o1s1ePR YD
(c88=U) (vesT=U) (ToLT=U) (¢602=U)
peulw eRd poulw BRg BIUWBIAADH  Apognuy ADH
adAlouenggz1l  adAioue9 eUIA

0002-866T ‘eate Aeg 02sIoueIH UBS ‘siasn Brnup uonaalul pajdajul-ADH JO SoNsLIgIdeIeyD

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Hepatology. Author manuscript; available in PMC 2013 July 01.



Page 12

Uccellini et al.

uelpu|
uedllswy
110 | 6v9 | 8 €000 | €29 | ¥ G0000 | ¥2'9 | 95 10 UeIsy
2€0 | 859 | 6 2ro | €9 | 90T | so0 6€9 | STT oune]
100 | 959 | 9L 9000 | ¥€9 | 005 | €0000 | S€'9 | L8 SHUM
89 | ¥v1 Sr'9 | 908 679 | 196 | ueouawy uedlyy
adey
70 7000"> 1000">
6.9 | 29 129 | L6€ 629 | sor afewad
129 | 19T 6v'9 | €501 259 | czen 3[eN
Japuao
800 7000"> 1000">
¥8'9 | ¥9 659 | 805 199 | €8 s1eak 0g 2
299 | 9 w9 | ¥0S Lv9 | 209 steak 62-02
619 | 1§ 129 | S9¢ 69 | 91€ s1eak 6T-0T
9 | 8T v0'9 | 8sT 809 | 9iT s1eaf 6-0
asn Bnip
uonoaful siea A
ST0 7000"> 1000">
6.9 | 0§ 95’9 | 81 659 | 697 sreak 0G5z
€19 | 6TT ev'e | veL 79 | sv8 s1eak 6-0
v.'9 | 09 Gz9 | eve 629 | €0e steak 6e-0¢
€9 | 8 119 | 9. ST9 | ¥8 steak 62-8T
aby
€19 | Le2 or9 | TovT Sv9 | TOLT 11e3n0
aneA | vNY aneA | ¥NY aneA | YN
-d ADOH | ON -d AOH | oN | -d ADOH | oN Jlslee ey
spelqns selgns
PaIRJU| T-AIH pa1RJuUIUN T-AIH spalans |1V

000Z-866T ‘eate Aeg 09s1ourI

Ues - So|gelIeA JelIA pue dlydelbowap pa1as|es Aq ", VN ADH 210e30918p YNM siasn Bnip uonaalul Buowe (Jwysaidos 0T6o]) sjans] WNH ADJH UeIpaA

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Hepatology. Author manuscript; available in PMC 2013 July 01.



Page 13

Uccellini et al.

P3PNIoXa 313 YNY AOH 3IGeI0a13pun yum s1oafans,

69°0 9000 7000
L9 | LT Gz'9 | oee 0e9 | Lre pajoR4uILN
170 92°0 0T
969 | 9 229 | e 799 | 62 oluoIYD
€9 | €0z 9 | eIt 8r'9 | sreT panjosey
uondauI AGH
aneA | vNY aneA | VNY anea | vNY
-d AOH | ON -d AOH | oN | -d AOH | ON a11s1.810R YD
spelgns sye(ans
peYRu| T-AIH PoIRUIUN T-AIH spelOns |1V

NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript

Hepatology. Author manuscript; available in PMC 2013 July 01.



Page 14

Uccellini et al.

T adAjoush yum s3oalgns yum uostredwod uj

7Y

eT adAjouab yim s1oalgns yum uostiedwiod c_.Q

aouanbas gGSN uo paseq si adAloush [ena

q

PapN|oXe 13m YNY AOH 21qeIoa1apun yum s1o3fans,

6997 [elol

T000"> 99 T000"> 99 69'8 ST 4N
€00 [4%°] 00 [4%] 4" 0T A ey
€000°0 €9 LE°0 809 €10 4] 4 qe
T00°0 €9 V0T €96 69T eg

g0 699 6T°0 699 €€'8 19°L 12T qc
¢6°0 L9 86°0 60 qT 14

(wuasagar) | 1579 170 €99 16'6 76 ¢St qr
(yuasggar) | 059 €069 €0°€9 ¢S0T eT

2N ea-d | uveippN | (UN R0 Rd | PqunN gmabocmw

2" | oy prA AOH
000¢-866T

‘eare Aeg 09s1ouel ues - adAjoush ADH Aq ", VN ADH 210e30918p YNM siasn Bnip uonaalul Buowe (Jwysaidos 0T6o]) sjans] WNH ADJH UeIpaA

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Hepatology. Author manuscript; available in PMC 2013 July 01.



Page 15

Uccellini et al.

86°0 68s 12 vT0 £9'9 0¢ 100 199  S9T 89°0 8v9 v 20
0 79 02 120 £5'9 8y vE0 929  s8l £e0 159 LT oL
829 L 619 01 T Tv w9 €l in

ueips I ueips I ueips I ueips I

anpea-d VNY RgqwnN  anpea-d VNY qunN  anpea-d VNY RgqwnN  anpea-d VNY oqunN  adAlouwen

(rs=u) (88=U) (T6E=U) (Lve=u)
ueipu| ued| bW y/uesy oluedsiH uedl Wy ueadoing uedl BWYy uedll)y

0002-866T ‘eale Aeg 0ds1ouei4 ues -adA1ousb 0986/62TSI 827/ AQ ‘ADH 21uoiyd yum siasn Bnip uonaalur Buowe peoj sjaas] YNH AJH
v 9l|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Hepatology. Author manuscript; available in PMC 2013 July 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Uccellini et al.

Table 5

Page 16

Multivariate ordinal logistic regression analysis of HCV RNA levels (logyq copies/ml) among 874 injection
drug users with chonic hepatitis C, San Francisco Bay area, 1998-2000. The analysis is limited to subjects

with results for /L28B rs12979860 genotype

Subjectswith 1L28B
Genotype (n=874)

Characteristic OR 95% ClI p-value

Age 1.28 | 1.10-1.50 0.001

Female Gender 0.73 | 0.56-0.95 0.02

Race/ethnicity
African American | 1.00 (referent group)
White 0.70 | 0.52-0.94 0.02
Latino 0.84 | 0.54-1.31 0.44
Asianor 039 | 0.23-069 [ 0.001
American Indian

Chronic HBV 1.06 | 0.53-2.14 0.86
HIV-1 195 | 1.34-283 0.0004

HCV Genotype*

la/lb 1.00 (referent group)

2a/2b 1.78 | 1.14-2.77 0.01

3a/3b 0.80 | 0.55-1.17 0.25

4a 0.37 | 0.12-1.15 0.09

Not Resolved 0.17 | 0.11-0.28 | <.0001
1L28B genotype

TT

CT 1.10 | 0.80-1.51 17

CcC 1.69 1.17-2.44 0.001
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