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In patients with chronic hepatitis C, the hepatitis C virus (HCV) RNA level is an impor-
tant predictor of treatment response. To explore the relationship of HCV RNA with viral
and demographic factors, as well as IL28B genotype, we examined viral levels in an ethni-
cally 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 neigh-
borhoods. Participants who were positive by HCV enzyme immunoassay were tested for
HCV viremia by a branched-chain DNA assay. HCV genotype was determined by sequenc-
ing the HCV nonstructural 5B protein region. For a subset of participants, IL28B
rs12979860 genotype was determined by Taqman. Among 1,701 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).
Human immunodeficiency virus type 1 (HIV-1) prevalence was 13.9%. The overall median
HCV RNA level was 6.45 log10 copies/mL. In unadjusted analyses, higher levels were
found with older age, male gender, African-American ancestry, hepatitis B virus infection,
HIV-1 infection, and IL28B rs12979860-CC genotype; compared to participants infected
with HCV genotype 1, HCV RNA was lower in participants with genotypes 3 or 4. In an
adjusted analysis, age, gender, racial ancestry, HIV-1 infection, HCV genotype, and IL28B
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. (HEPATOLOGY 2012;56:86-94)

C
hronic infection with hepatitis C virus (HCV)
is a leading cause of hepatocellular carcinoma,
end-stage liver disease, and liver transplanta-

tion.1 Successful antiviral treatment (i.e., sustained

virological response; SVR) reduces the risk of these
outcomes. Higher HCV RNA levels are associated
with a lower rate of SVR to current standard pegylated
interferon (Peg-IFN)/ribavirin (RBV) therapy2 and,
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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 fac-
tors,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 multiethnic 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 partici-
pants are largely unaffected by selective effects of previous
treatment. Here, we explore the association of virologic
and demographic factors, as well as IL28B genotype, on
HCV RNA levels in this multiethnic cohort of HCV-
infected IDUs.

Patients and Methods

Subjects and Data Collection. As previously
reported, UHS investigators recruited IDUs from six
San Francisco Bay area neighborhoods.10 All individu-
als 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 compen-
sation. Although some participants had received hepa-
titis B vaccine,9 few, if any, were treated for hepatitis B
virus (HBV) or HCV infection. Participants were not
asked about treatment for HCV infection during
1998-2000, but in 2002, only 3% of UHS partici-
pants reported IFN-based treatment for HCV infec-
tion,11 thus the vast majority of subjects in this study
had never received treatment for chronic hepatitis C
(CHC). 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
antiretroviral 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 infec-
tion risks, and referred to appropriate medical and
social services. Participants were asked about sociode-
mographic characteristics and their injection drug his-
tory, 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 the University of California at San Fran-
cisco (San Francisco, CA) and an Institutional Review
Board of the National Cancer Institute (NCI).
We assessed possible repeat enrollment by compar-

ing 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 2,296
UHS participants, 2,092 were positive for HCV anti-
body, of whom 2,073 had sufficient specimen to be
tested for HCV RNA. Among these 2,073 partici-
pants, 1,701 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 anti-
body by the HCV version 3.0 enzyme-linked immu-
nosorbent assay Test System (Ortho-Clinical Diagnos-
tics, Raritan, NJ). Participants who were positive by
HCV enzyme immunoassay were considered to have
been infected with HCV and those with sufficient
archived plasma (n ¼ 2,073) were tested for HCV vi-
remia by a branched-chain DNA assay (bDNA) (VER-
SANT HCV RNA 3.0 Assay, analytic sensitivity 2.5 �
103 copies/mL; Bayer-Diagnostics, Tarrytown, NY).
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 HIV-1 and HBV infection sta-
tus in these subjects have been described.9

Determination of Viral Genotypes. Total nucleic
acid was isolated from 500 lL of serum (Roche
MagNa Pure LC Total Nucleic Acid Isolation Kit-
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Large Volume; Roche Diagnostics Corporation, India-
napolis, IN), and reverse transcription (RT) was per-
formed. Polymerase chain reaction (PCR) was carried
out in a reaction mixture containing 3 lL of comple-
mentary DNA, 10 lL of HotStar Taq Master Mix
(Qiagen, Valencia, CA), and 1 lL of each of the fol-
lowing primers: forward 50- TGGGGTTCTC
GTATGATACCC-3’ and reverse 5’-CCTGGTCATAG
CCTCCGTGAA-3’, to amplify the 5’-NS5B (non-
structural 5B protein) region. PCR product was purified
with Exosap-IT (USB Corporation, Cleveland, OH) and
combined with 2.0 lL of Big Dye terminator (ABI
Prism Big Dye Terminator Cycle Sequencing Ready
Reaction Kit v3.1; Applied Biosystems, Foster City, CA)
and 100 pmol 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).
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 Labora-
tory (available at: http://hcv.lanl.gov/content/sequence/
BASIC_BLAST/basic_blast.html) using BLAST. Viral
genotype call was based on the highest score and low-
est e-value, using the NS5B sequence, unless those
results were negative or missing, in which case geno-
type was based on the 5’NC region.
IL28B Genotyping. DNA was extracted from cryo-

preserved lymphocytes using a modified salt precipita-
tion-extraction method (Gentra Systems, Minneapolis,
MN) or from granulocytes using a silica membrane-
binding method using Qiagen DNA purification col-
umns (Qiagen). The NCI Core Genotyping Facility
performed genotyping for IL28B rs12979860 using an
optimized TaqMan assay (available at: http://var-
iantgps.nci.nih.gov/cgfseq/pages/snp500.do).
Statistical Analyses. All analyses were cross-sec-

tional and based on a single study visit. We deter-
mined median HCV RNA levels (log10 copies/mL)
overall and among subgroups. As neither log10 HCV
RNA nor alternative transformations of these data
were normally distributed, nonparametric statistical
methods were the basis of the analysis. We used the
Wilcoxon (Kruskal Wallis) test to compare the distri-
bution of HCV RNA levels for variables in SAS
PROC NPAR1WAY. 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).

Results

Study Population. A total of 2,092 UHS subjects
had antibody to HCV. Among these, 2,073 partici-
pants had sufficient plasma to be tested for HCV
RNA, of whom 1,701 (82.1%) had detectable HCV
RNA. Demographic and clinical features for the 1,701
participants with HCV viremia were generally similar
to those among all UHS subjects with HCV antibodies
(Table 1). Among those with detectable HCV RNA,
median age at enrollment was 46 years, median age at
which a drug was first injected was 18 years, and me-
dian time from first use of injection drugs to enroll-
ment was 26 years. Most participants (72.4%) were
men. Over half (56.0%) of the participants considered
themselves African American, 34.0% white (non-His-
panic), 6.8% Latino (non–African American), 1.1%
were Asian or Pacific Islanders, and 2.2% were Ameri-
can 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 hepati-
tis B was less frequent and HIV-1 infection was more
frequent among participants with CHC.
Predictors of HCV RNA Levels. All subjects.

Among participants with detectable virus, median HCV
RNA level was 6.45 log10 copies/mL (interquartile range
[IQR], 5.97-6.89]. Median viral levels were progres-
sively higher in each older age category, ranging from
6.15 log10 copies/mL among participants 18-29 years at
enrollment to 6.59 log10 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 ¼ 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 log10 copies/mL)
than women (6.29 log10 copies/mL; P < 0.0001). With
regard to race and ethnicity, the highest levels were
found in African-American participants (6.49 log10 cop-
ies/mL), intermediate viral levels were found in white
participants of non-Hispanic origin (6.35 log10 copies/
mL) and Latinos (6.39 log10 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 log10 copies/mL; Table 2), with similar
median HCV RNA levels among Asian/Pacific Islanders
(6.24 log10 copies/mL; n ¼ 19) and American Indians/
Alaska natives (6.18 log10 copies/mL; n ¼ 37). Regard-
ing infection with other viruses, for subjects overall,
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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 log10 copies/mL) than
in HIV-uninfected IDUs (6.40 log10 copies/mL;
P < 0.0001).
We also performed analyses stratified by HIV-1

infection status (Table 2). Among the HIV-1-unin-
fected participants, the patterns of association were
very similar to those observed among all viremic sub-
jects, except that 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 par-
ticipants were preserved (P ¼ 0.01).
Among the participants with detectable virus, 1,669

had a specimen available for viral genotyping and
1,524 (91.3%) of those subjects were successfully gen-
otyped (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 geno-
type 4a. Median HCV RNA level did not differ signif-
icantly between participants infected with 1a (6.50
log10 copies/mL) and those infected with 1b (6.63
log10 copies/mL; P ¼ 0.11). In comparison to partici-

pants who were infected with genotype 1 (median
HCV RNA, 6.50 log10 copies/mL), HCV RNA was
lower in those infected with genotype 3 (6.34 log10
copies/mL; P ¼ 0.0003) or 4 (6.12 log10 copies/mL;
P ¼ 0.03). We observed the lowest median HCV
RNA level (5.64 log10 copies/mL) among participants
who had detectable HCV RNA, but could not be
genotyped.
IL28B rs12979860 Genotype. IL28B genotyping

was performed for a subset of the participants with
CHC (Table 4). Among 347 African-American partici-
pants, we observed no differences in viral levels by
IL28B genotype. Among 391 European-American
IDUs, those with the IL28-CC genotype had a higher
median HCV RNA level (6.67 log10 copies/mL) than
those with IL28-TT (6.12; P ¼ 0.01); median HCV
RNA level among European-American participants
with the IL28-CT genotype was 6.26 log10 copies/mL.
Among 88 participants of Hispanic ethnicity, median
HCV RNA levels for those with the IL28-CC (6.63
log10 copies/mL) and IL28-TT (6.19 log10 copies/mL)
genotypes were similar to those observed 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 multivari-

able ordinal logistic regression analysis (Table 5)

Table 1. Characteristics of HCV-Infected IDUs, San Francisco Bay Area, 1998-2000

HCV Antibody

(n ¼ 2,092)

HCV Viremia

(n ¼ 1,701)

Viral Genotype

Determined (n ¼ 1,524)

IL28B Genotype

Determined (n ¼ 882)

Characteristic Median IQR* Median IQR Median IQR Median IQR

Age at enrollment 45 40-50 46 40-50 46 40-50 44 39-49

Years of injection drug use 25 17-31 26 18-32 26 18-32 25 18-31

Age at first injection drug use 18 16-24 18 16-24 18 16-24 18 16-22

No. % No. % No. % No. %

Gender†

Male 1,461 70.9 1,222 72.4 1,104 73.1 615 69.7

Female 600 29.1 465 27.6 407 26.9 267 30.3

Race

White 759 36.3 577 33.9 522 34.3 391 44.3

African American 1,078 51.5 951 55.9 861 56.5 347 39.3

Latino 167 8.0 115 6.8 92 6.0 88 10.0

Asian or Pacific Islander 28 1.3 19 1.1 15 1.0 18 2.0

American Indian 58 2.8 37 2.2 32 2.1 36 4.1

Other 2 0.1 2 0.1 2 0.1 2 0.2

HBV infection

Acute 18 0.9 7 0.4 7 0.5 5 0.6

Chronic 53 2.5 29 1.7 26 1.7 28 3.2

Resolved 1,641 78.4 1,348 79.2 1,197 78.5 680 77.1

Vaccinated 78 3.7 70 4.1 65 4.3 38 4.3

Uninfected and unvaccinated 302 14.4 247 14.5 229 15.0 131 14.9

HIV-1 infection 262 12.5 237 13.9 211 13.8 107 12.1

*25th percentile to 75th percentile.

†Missing data: gender, 31; HIV-1 infection, 3.
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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 sta-
tistical significance for the comparison with Latinos (P
¼ 0.44). Regarding viral genotype, compared to those

infected with genotype 1, participants infected with ge-
notype 2 had higher HCV RNA (P ¼ 0.01). IL28B-
CC genotype was associated with higher HCV RNA (P
¼ 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 IL28B

Table 2. Median HCV RNA Levels (log10 Copies/mL) Among IDUs With Detectable HCV RNA,* by Selected Demographic and
Viral Variables: San Francisco Bay Area, 1998-2000

All Subjects HIV-1-Uninfected Subjects HIV-1-Infected Subjects

Characteristic No. HCV RNA P Value No. HCV RNA P Value No. HCV RNA P Value

Overall 1,701 6.45 1,461 6.40 237 6.73

Age (years)

18-29 84 6.15 76 6.11 8 6.32

30-39 303 6.29 243 6.25 60 6.74

40-49 845 6.47 724 6.43 119 6.73

�50 469 6.59 418 6.56 50 6.79

<0.0001 <0.0001 0.15

Years injection drug use

0-9 176 6.08 158 6.04 18 6.42

10-19 316 6.29 265 6.21 51 6.75

20-29 602 6.47 504 6.44 96 6.62

�30 573 6.61 508 6.59 64 6.84

<0.0001 <0.0001 0.08

Gender

Male 1,222 6.52 1,053 6.49 167 6.71

Female 465 6.29 397 6.21 67 6.79

<0.0001 <0.0001 0.41

Race

African American 951 6.49 806 6.45 144 6.78

White 577 6.35 0.0003 500 6.34 0.006 76 6.56 0.01

Latino 115 6.39 0.0500 106 6.37 0.120 9 6.58 0.32

Asian or American Indian 56 6.24 0.0005 47 6.23 0.003 8 6.49 0.11

HBV infection

Resolved 1,348 6.48 1,143 6.44 203 6.73

Chronic 29 6.64 22 6.22 6 6.96

1.0000 0.260 0.17

Uninfected 247 6.30 230 6.25 17 6.77

0.0040 0.006 0.69

*Subjects with undetectable HCV RNA were excluded.

Table 3. Median HCV RNA Levels (log10 Copies/mL) Among IDUs With Detectable HCV RNA,* by HCV Genotype: San
Francisco Bay Area, 1998-2000

HCV Genotype† Number Percent Percent (Excludes NR) Median P Value‡ Median P Value§

1a 1,052 63.03 69.03 6.50 (referent) 6.51 (referent)

1b 152 9.11 9.97 6.63 0.11

2a 15 0.9 0.98 6.71 0.92 6.69 0.3200

2b 127 7.61 8.33 6.69 0.19

3a 159 9.53 10.43 6.34 0.001 6.34 0.0003

3b 2 0.12 0.13 6.08 0.37

4a 17 1.02 1.12 6.12 0.04 6.12 0.0300

Not resolved 145 8.69 5.64 <0.0001 5.64 <0.0001

Total 1,669

Subjects with undetectable HCV RNA were excluded.

†Viral genotype is based on NS5B sequence.

‡In comparison with subjects with genotype 1a.

§In comparison with subjects with genotype 1.
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rs12979860 genotype and race/ethnicity, but this inter-
action was not statistically significant (P > 0.10).

Discussion

In this large multiracial cohort of IDUs with CHC
infection, HCV RNA levels were independently associ-
ated with six factors: age, gender, racial ancestry, HIV-
1 infection, HCV genotype, and host IL28B
rs12979860 genotype.
HCV RNA levels tended to be higher with older

age and longer duration of drug injection, variables
that were highly correlated in this study. Average time
since initiation of drug use in these IDUs is 19 years
and, at least until recently, most IDUs who enrolled in
the UHS became infected with HCV relatively soon
after initiating drug injection.9 We believe therefore
that reported years of injection drug practices is a rea-
sonable 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 fol-
low-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 because
of selection of HCV variants with high replicative effi-
ciency or host loss of immunological control of HCV.
In the absence of HIV-1 infection, HCV-RNA lev-

els tended to be lower for women, compared to men,
and this difference remained after potential confound-
ing variables were considered. Among the 237 HIV-
infected UHS participants, however, median HCV
RNA levels were similar in women and men. In the
AIDS Linked to the Intravenous Experience (ALIVE)
study of IDUs, lower HCV RNA levels were observed
in women, compared to men, among HIV-uninfected
subjects, although that association was not statistically
significant in a multivariate analysis.6 As in our study,
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 lev-
els than participants of European or Asian ancestry,
even after we considered other factors, including
IL28B genotype. Few previous studies have been able
to make such comparisons. In ALIVE, no difference in
HCV RNA levels was observed between African-Amer-
ican 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 CHC, pretreatment HCV RNA levels did
not differ between African-American and European-
American subjects in either the Study of Viral Resist-
ance to Antiviral Therapy of Chronic Hepatitis C18 or
the Initiating Dialysis Early and Late19 studies.
HCV-RNA levels were considerably higher among

UHS participants who were infected with HIV-1,

Table 4. HCV RNA Levels Load Among IDUs With Chronic HCV, by IL28B rs12979860 Genotype: San Francisco
Bay Area, 1998-2000

African American (n ¼ 347) European American (n ¼ 391) Hispanic (n ¼ 88) Asian/American Indian (n ¼ 54)

Genotype Number RNA Median P Value Number RNA Median P Value Number RNA Median P Value Number RNA Median P Value

TT 123 6.44 41 6.12 10 6.19 7 6.28

TC 177 6.51 0.33 185 6.26 0.34 48 6.53 0.21 20 6.27 0.44

CC 47 6.48 0.68 165 6.67 0.01 30 6.63 0.14 27 5.89 0.98

Table 5. Multivariate Ordinal Logistic Regression Analysis of
HCV RNA Levels (log10 Copies/mL) Among 874 IDUs With

CHC: San Francisco Bay Area, 1998-2000

Subjects With IL28B Genotype (n ¼ 874)

Characteristic OR 95% CI 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

Asian or American Indian 0.39 0.23-0.69 0.001

Chronic HBV 1.06 0.53-2.14 0.86

HIV-1 1.95 1.34-2.83 0.0004

HCV genotype

1a/1b 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 <0.0001

IL28B genotype

TT (referent group)

CT 1.10 0.80-1.51 0.17

CC 1.69 1.17-2.44 0.001

The analysis is limited to subjects with results for IL28B rs12979860

genotype.
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compared to those who were not (6.73 versus 6.40
log10 copies/mL), which is consistent with the results
from a number of previous studies.6,13,20-33 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 log10 copies/mL. Nonetheless,
consistent with other studies among IDUs,6,7 we
found a diversity of HCV genotypes in this popula-
tion: 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 log10 cop-
ies/mL) than those infected with genotype 1, although
this difference reached statistical significance only in
the subsample with IL28B genotype data available. We
observed lower viral levels in participants who were
infected with genotype 3 (median, 6.34 log10 copies/
mL). Those findings remained significant in the multi-
variable analysis of the whole sample, but lost signifi-
cance when the analysis was restricted to the subsam-
ple with IL28B genotype data, perhaps because of
insufficient statistical power. Among the 17 subjects
with HCV genotype 4 infection, median HCV RNA
level was 6.12 log10 copies/mL. Consistent with our
findings, an earlier report of Swiss blood-transfusion
recipients coinfected 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 genotype 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 (e.g.,
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 IL28B-CC geno-
type is an exception to this pattern. This genotype is
associated with a higher frequency of spontaneous
HCV clearance in UHS25 and other studies26-30 and a
higher likelihood of a successful response to Peg-IFN/
RBV combination therapy, but paradoxically, it was
also associated with higher HCV RNA (among the

European-American participants and UHS subjects
overall). A number of previous reports also found the
otherwise favorable IL28B genotype to be associated
with higher baseline HCV RNA,4,31,32 (although some
other studies did not26,27). The association of IL28B-
CC genotype with both better response to therapy and
higher serum HCV RNA in the absence of treatment
seems counterintuitive, but, before therapy, patients
with the IL28B-CC genotype have lower expression of
IFN-stimulated genes induced by the Janus kinase/sig-
nal transducers and activators of transcription path-
way.33,34 Thus, patients with the favorable genotype
appear to have less endogenous IFN activity, but
greater responsiveness to exogenous IFN-a.
Comparing participants by racial ancestry, African-

American UHS participants had the highest HCV
RNA levels, despite having the lowest frequency of the
IL28B-CC genotype. Thus, not only does the lower
prevalence of the IL28B-CC genotype among African
Americans not explain their higher viral loads, but
controlling for IL28B genotype actually increases the
disparity in viral loads between African Americans and
both whites and Asian/Amerindian participants. Fur-
thermore, we did not see the association between
higher HCV RNA and IL28B-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 indi-
viduals infected with different viral genotypes without
the potential biases caused by markedly differing sour-
ces 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 ances-
try 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 partici-
pants, 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 superinfection,
immune senescence, or some other factor that varies
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with time or age. Cluster of differentiation (CD)4þ

lymphocytes counts were not measured for UHS sub-
jects; therefore, we could not consider the extent of
immunodeficiency present among the 13.9% of partic-
ipants in this analysis who were coinfected with HIV-
1. Successful antiretroviral therapy in HIV/HCV-coin-
fected individuals may increase HCV RNA levels, at
least temporarily, especially among individuals with
lower CD4þ counts,35 but our data were too limited
to allow us to examine this effect.
We performed viral genotyping by direct sequenc-

ing, 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 circu-
lating 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-genera-
tion (i.e., bDNA) assay with an analytic sensitivity of
2.5 � 103 copies/mL to measure viral levels. This
method amplifies signal, rather than target, which is
the basis for classical RT-PCR and transcription-medi-
ated amplification assays. First-generation bDNA
assays underestimated levels of HCV genotype 2 and
3,40 but third-generation bDNA tests are accurate, re-
producible, and well 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 vi-
ral genotype-specific amplification bias.24

In conclusion, level of HCV viremia, an important
predictor of response to HCV treatment, is itself influ-
enced by a wide range of demographic, viral, and host
genetic factors. A better understanding of the determi-
nants of HCV viremia might lead to improved treat-
ment of patients with CHC.

References

1. National Institutes of Health. NIH consensus statement on manage-
ment of hepatitis C: 2002. NIH Consens State Sci Statements 2002;
19:1-46.

2. Torriani FJ, Rodriguez-Torres M, Rockstroh JK, Lissen E, Gonzalez-
Garcı́a 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.

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.

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.

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 pro-
spective study of incident infection, resolution, and reinfection. J Infect
Dis 2009;200:1216-1226.

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.

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

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

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.

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.

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. Society
of General Internal Medicine, 28th annual meeting, New Orleans, Louisi-
ana, USA, May 11-14, 2005. J Gen Intern Med 2005;20(Suppl 1):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.

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

14. 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.

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

16. Yeo AET, Ghany M, Conry-Cantilena C, Melpolder JC, Kleiner DE,
Shih JWK, et al. Stability of HCV-RNA level and its lack of correla-
tion with disease severity in asymptomatic chronic hepatitis C virus car-
riers. J Viral Hepat 2001;8:256-263.

17. 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.

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

19. 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:e134-e143.

20. Daar ES, Lynn H, Donfield S, Gomperts E, Hilgartner MW, Hoots
WK, et al. Relation between HIV-1 and hepatitis C viral load in
patients with hemophilia. J Acquir Immune Defic Syndr 2001;26:
466-472.

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

22. Beld M, Penning M, Lukashov V, McMorrow M, Roos M, Pakker N,
et al. Evidence that both HIV and HIV-induced immunodeficiency

HEPATOLOGY, Vol. 56, No. 1, 2012 UCCELLINI ET AL. 93



enhance HCV replication among HCV seroconverters. Virology 1998;
244:504-512.

23. 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.

24. Rauch A, Gaudieri S, Evison J, Nolan D, Cavassini M, Weber R, et al.
Low current and nadir CD4þ T-cell counts are associated with higher
hepatitis C virus RNA levels in the Swiss HIV Cohort Study. Antivir
Ther 2008;13:455-460.

25. 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: evi-
dence for a supra-additive association. J Infect Dis 2011;204:
1843-1847.

26. Rauch A, Kutalik Z, Descombes P, Cai T, Di Iulio 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.e1337.

27. Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, O’Huigin C, et al.
Genetic variation in IL28B and spontaneous clearance of hepatitis C vi-
rus. Nature 2009;461:798-801.

28. Tillmann HL, Thompson AJ, Patel K, Wiese M, Tenckhoff H,
Nischalke HD, et al. A polymorphism near IL28B is associated with
spontaneous clearance of acute hepatitis C virus and jaundice. Gastro-
enterology 2010;139:1586-1592.e1581.

29. Grebely J, Petoumenos K, Hellard M, Matthews GV, Suppiah V,
Applegate T, et al. Potential role for Interleukin-28B genotype in treat-
ment decision-making in recent hepatitis C virus infection. HEPATOLOGY

2010;52:1216-1224.
30. Montes-Cano MA, Garcı́a-Lozano JR, Abad-Molina C, Romero-G�omez

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.
31. McCarthy JJ, Li JH, Thompson A, Suchindran S, Lao XQ, Patel K,

et al. Replicated association between an IL28B gene variant and a sus-
tained response to pegylated interferon and ribavirin. Gastroenterology
2010;138:2307-2314.

32. 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.

33. 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. Gas-
troenterology 2010;139:499-509.

34. 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 hepati-
tis C. HEPATOLOGY 2010;52:1888-1896.

35. 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 vi-
rus in co-infected subjects. AIDS 2002;16:1915-1923.

36. Simmonds P, Alberti A, Alter HJ, Bonino F, Bradley DW, Brechot C,
et al. A proposed system for the nomenclature of hepatitis C viral ge-
notypes. HEPATOLOGY 1994;19:1321-1324.

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

38. Murphy DG, Willems B, Deschenes M, Hilzenrat N, Mousseau R,
Sabbah S. Use of sequence analysis of the NS5B region for routine gen-
otyping of hepatitis C virus with reference to C/E1 and 50 untranslated
region sequences. J Clin Microbiol 2007;45:1102-1112.

39. Tamalet C, Colson P, Tissot-Dupont H, Henry M, Tourres C, Tivoli
N, et al. Genomic and phylogenetic analysis of hepatitis C virus iso-
lates: a survey of 535 strains circulating in southern France. J Med
Virol 2003;71:391-398.

40. 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.

41. 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.

94 UCCELLINI ET AL. HEPATOLOGY, July 2012


