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We examined hepatitis C virus (HCV) RNA levels in serum, peripheral blood mononuclear cells (PBMC),
and the liver for 135 patients with chronic HCV infections, 44 of whom were human immunodeficiency virus
(HIV) positive and treated with highly active antiretroviral therapy (group A), 66 of whom were HIV negative
(group B), with abnormal serum alanine aminotransferase (ALT) values, and 25 of whom were HIV negative,
with ALT values of =1.5 times the normal value (group C). Patients had not been treated with interferon, with
or without ribavirin, at the time of the study. A statistically significant correlation between HCV RNA levels in
the liver and serum was reproducibly documented, whereas this was inconsistent for serum and PBMC. A
comparative evaluation of HCV RNA levels in the liver and PBMC showed significantly lower values for group
A than for groups B and C (P < 0.01 and P < 0.0001, respectively). In contrast, HCV RNA levels in serum were
significantly higher for group A than for group B (P < 0.001). A dissociation between HCV RNA levels in serum
and the liver was found for patients with HIV-HCV coinfections. Although the relative contribution of
extrahepatic reservoirs, including lymphoid cells, to HCV RNA levels in serum is unclear, it may be speculated
that a low intrahepatic HCV burden is caused by restored immunocompetence after successful antiretroviral

therapy in coinfected patients.

Although the introduction of highly active antiretroviral
therapy (HAART) has significantly improved the life expect-
ancies of patients with human immunodeficiency virus (HIV)
infection, morbidity and mortality rates from liver disease
caused by hepatitis C virus (HCV) still represent an over-
whelming clinical problem for HIV-infected individuals (26).
These patients usually respond poorly to treatment with alpha
interferon, with or without ribavirin, which may also occasion-
ally cause severe hepatotoxicity (5, 23). Moreover, there is
evidence indicating that coinfection may accelerate the progres-
sion to severe forms of liver disease, such as fibrosing choles-
tatic hepatitis (29) and cirrhosis (12, 27). Impaired cell-medi-
ated immune responses to HCV are currently thought to be an
important cofactor in the failure to control virus-induced in-
trahepatic necroinflammatory processes (18). It has been sug-
gested that a severe course of liver disease may also result from
the restored immunocompetence induced by HAART (15).

Several lines of experimental evidence suggest that higher
levels of HCV RNA in the serum are usually found in patients
with HIV-HCV coinfections than in patients with HCV infec-
tions only (8, 31). Although the pathogenetic basis for this
observation has never been fully elucidated, HIV-induced im-
mune system deficiency is generally considered a potentially
important factor (9). However, reproducible correlations be-
tween HCV RNA levels in serum and CD4 *-T-cell counts have
not been confirmed (6). For HIV-positive patients treated with
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HAART, controversial data showing no significant changes
(35) or increased (30) or decreased (24) HCV RNA levels in
serum have generally been reported. Although there is no
convincing evidence in favor of a direct relationship between
HCV RNA levels in the serum and the severity of liver lesions
for a single HCV infection (14, 22), recent studies suggest an
association between HCV RNA levels and the progression to
full-blown AIDS (7), indicating that there is a synergism be-
tween the two viruses.

Intrahepatic HCV RNA levels in patients with chronic liver
disease or in patients who have undergone transplants have
been investigated in some studies (11, 22); however, only lim-
ited data are currently available for HIV-HCV-coinfected pa-
tients (20, 33). The aim of this study was to compare HCV viral
load levels in HCV-infected versus HCV-HIV-coinfected per-
sons and to assess quantitative differences in HCV viral bur-
dens among the peripheral blood mononuclear cell (PBMC),
liver, and serum compartments for these patient categories.
HIV-coinfected patients had already been treated with HAART
at the time of the study, thus ensuring adequate immune com-
petence.

MATERIALS AND METHODS

Patients. The following three groups of patients with chronic HCV infections
were enrolled in this study: (i) 44 HAART-treated HIV-positive patients (group
A), (ii) 66 HIV-negative patients with persistently high alanine aminotransferase
(ALT) levels in the serum (group B), and (iii) 25 HIV-negative patients with
ALT levels in serum of <1.5 times the upper limit of what is considered normal
who were part of a long-term prospective survey (4) (group C). Patients in groups
B and C were enrolled between February 1998 and December 1999, whereas
patients in group A were enrolled between March 1999 and July 2000. The study
protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki,
as reflected in the a priori approval by the Institutional Review Board of IRCCS
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Policlinico San Matteo. All patients gave their informed consent to donate part
of the blood and liver tissue taken for diagnostic purposes to the research project.
HIV-positive patients were referred to our center from ad hoc outpatient clinics
for intravenous drug users where antiretroviral therapy was already instituted.
The median estimated duration of HIV infection was 12 years (range, 2 to 16
years). For all patients, the inclusion criteria were the presence of circulating
anti-HCV antibodies, a positive result for HCV RNA in serum by nested reverse
transcription-PCR (RT-PCR), the availability of a diagnostic liver biopsy, and no
previous treatment with interferon, with or without ribavirin. The Knodell score
was employed to evaluate the histological grading score (histologic activity index
[HAI] score) and the fibrosis stage (16). Additional requirements for HIV-
infected patients were that they were between the ages of 18 and 60 years,
consistently had HIV RNA levels in plasma of <12,000 copies/ml, and had =200
CD4™ T cells/pl in the 16 weeks preceding the biopsy procedure. All group A
patients were treated with different combinations of antiretroviral drugs, includ-
ing nucleoside reverse transcriptase inhibitors (zidovudine, didanosine, lamivu-
dine, and stavudine), nonnucleoside reverse transcriptase inhibitors (efavirenz,
nevirapine, and delavirdine), and protease inhibitors (PIs; saquinavir, indinavir,
ritonavir, and nelfinavir), for a median time of 21 months (range, 2 to 51
months). Specifically, 30 of the 44 patients received a therapeutic regimen in-
cluding PIs, whereas the remainder were treated with nucleoside reverse tran-
scriptase inhibitors and nonnucleoside reverse transcriptase inhibitors. Addi-
tional data, such as the estimated duration of HIV infection as well as the HIV
viral load and CD4 "-T-cell count before the initiation of therapy, were available
for 38 of the 44 patients. The median CD4"-T-cell count before the first line of
antiretroviral therapy was 118 cells/pl of blood (range, 0 to 772 cells/ul), and the
median HIV RNA level in plasma was 11,500 copies/ml (range, 83 to 1,000,000
copies/ml), whereas these values were 226 cells/ul (range, 8 to 812 cells/pl) and
5,257 copies/ml (range, 118 to 1,000,000 copies/ml), respectively, prior to the
initiation of HAART.

HCV RNA quantification in liver, PBMC, and serum samples. Fragments of
diagnostic liver biopsies were used for HCV RNA quantification. Briefly, liver
specimens were homogenized in a tissue grinder in the presence of 1.0 ml of
guanidinium thiocyanate solution (RNAzol; TEL-TEST Inc., Friendswood,
Tex.). The total RNA in the liver was then extracted according to the manufac-
turer’s instructions and was resuspended in 20 pl of buffer. Finally, the total
RNA yield was determined by spectrophotometry. HCV RNAs were then quan-
tified by a modified RT-PCR method that amplified a 255-bp fragment of the 5’
untranslated region of the HCV genome (nucleotides 73 to 328) (13). The
detection limit of this method was 10 copies of a plasmid carrying the amplifi-
cation sequence spiked with either 10 pl of serum RNA, 0.5 pg of liver RNA, or
0.5 pg of PBMC RNA. Specifically, 2, 0.2, and 0.02 pl of liver RNA were
subjected to RT for 20 min in the presence of 100 copies of in vitro-transcribed
competitor RNA (24), 10 pmol of antisense primer, and 200 U of Moloney
murine leukemia virus (Gibco-BRL, Life Technologies, Paisley, United King-
dom) in a final volume of 20 ul of a solution containing 10 mM Tris-HCI (pH
8.3), 50 mM KCl, 1.5 mM MgCl,, 0.001% gelatin, and a 625 uM concentration
of each deoxynucleoside triphosphate. One-fourth the volume of each RT reac-
tion was then subjected to PCR. The PCR mixture contained the following: 10
mM Tris-HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl,, 0.001% gelatin, a 200 pM
concentration of each deoxynucleoside triphosphate, 0.5 pM (each) sense and
antisense primers, and 1.5 U of Gold Taq polymerase (Applied Biosystems,
Foster City, Calif.). The PCR thermal profile was as follows: 94°C for 10 min and
40 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s, with an additional
delay of 2 s at each cycle. PCR products were then visualized by ethidium
bromide staining after electrophoretic separation in 8.5% polyacrylamide gels.
The number of input HCV RNA copies was then quantified by means of gel
densitometry (1). The results are expressed as numbers of HCV RNA copies per
microgram of total liver RNA. Primers for HCV amplification were carefully
selected for their specificity to avoid interference by nonspecific PCR products.

Blood specimens for HCV RNA quantification in PBMC and serum were
obtained on the same days as the liver biopsies. PBMC were separated from
whole blood in a Ficoll-Hypaque gradient and were extensively washed in phos-
phate-buffered saline to rule out the possibility of cell contamination by serum-
derived viral particles. Total HCV RNAs were extracted by the RNAzol method
performed according to the manufacturer’s instructions. HCV RNAs were quan-
tified in PBMC by quantitative RT-PCR as described above. The results are
expressed as numbers of HCV RNA copies per microgram of total PBMC RNA.
HCV RNA copy numbers in serum were determined by the Quantiplex HCV
RNA 2.0 assay (Bayer, Eraigny, France). The results are expressed as numbers
of HCV RNA copies per milliliter of serum. Preliminary experiments using
patient sera showed a highly significant statistical correlation between the quan-
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titative RT-PCR assay developed in our laboratory and the commercial Quan-
tiplex signal amplification assay (R? = 0.9603).

Quantification of HIV RNA in plasma and CD4*-T-cell counts. HIV RNAs in
plasma at the time of liver biopsies were quantified by the Quantiplex HIV-1
RNA 3.0 assay (Bayer). The results are expressed as numbers of HIV RNA
copies per milliliter of plasma. For calculations of median HIV RNA values,
results falling below the assay cutoff of 50 copies/ml were considered by conven-
tion to be 50% of the lower detection limit (25 copies/ml). Absolute CD4"-T-cell
counts were determined for EDTA-treated peripheral blood samples by flow
cytometry (Ortho Immunocount flow cytometer system and Cytoron Absolute;
Ortho Diagnostic Systems Inc., Raritan, N.J.).

Statistical analysis. The correlation between HCV RNA levels in liver,
PBMC, and serum samples was determined by use of the nonparametric Spear-
man rank order correlation coefficient. Differences between groups of patients
were analyzed by the Mann-Whitney U test for nonparametric data. Differences
in HCV RNA levels with respect to biochemical and histological indexes of liver
damage were analyzed by the Kruskal-Wallis test, while differences with respect
to demographic characteristics, HCV genotype, HIV RNA levels, and CD4"-T-
cell counts were analyzed by the Mann-Whitney U test. All statistical tests were
two-sided, and P values of <0.05 were considered statistically significant.

RESULTS

Demographics, biochemical and histologic disease indexes,
HCYV genotypes, and HIV parameters. As shown in Table 1, the
median age of group A patients was significantly lower than
those of group B (P < 0.001) and C (P < 0.001) patients. The
median age for group C was also higher than that for group B
(P < 0.05). The median ALT values as well as the degree of
liver inflammation and fibrosis were similar for groups A and
B (P > 0.05). Most patients in group C had normal ALT levels.
There was a higher prevalence of genotypes 1 and 4 and a
lower prevalence of genotypes 2 and 3 in group A (P = 0.011).

HIV infections in group A patients were well controlled by
HAART, as documented by the very low median HIV RNA
level in plasma (25 HIV RNA copies/ml; range, 25 to 10,939)
and the high median CD4"-T-cell count (470 CD4 " T cells/p.l
of blood; range, 196 to 1,198) at the time of liver biopsy.

Quantification of HCV RNA in liver, PBMC, and serum.
Liver and serum samples were available from all patients,
whereas PBMC samples were obtained from 40 of 44 (90.9%)
patients in group A, 51 of 66 (77.2%) patients in group B, and
all 25 (100%) patients in group C.

Upon stratification of each of the three groups of patients by
demographic characteristic (age, >40 years or =40 years),
HCV genotype (types 1 and 4 or types 2 and 3), histological
activity grade (HAI score of 0 to 3, 4 to 9, or >9), and degree
of fibrosis (0 to 1, 2 to 3, or 4), no significant difference be-
tween strata was detected for HCV RNA levels in the liver,
PBMC, or serum. For group A, there were no significant dif-
ferences in HCV RNA levels in the liver, PBMC, and serum
between patients with or without detectable HIV RNA levels
and high (>350) or low (=350) CD4"-T-cell counts (data not
shown). In addition, for group A, no statistically significant
differences in HCV RNA levels in the liver, PBMC, and serum
were detected between patients with an estimated duration of
HIV infection of 10 years or less and those infected more than
10 years earlier, between patients treated for 12 months or less
and those treated for more than 12 months, and between
patients treated with therapeutic regimens which did or did not
include PIs.

A comparison of HCV RNA levels in the liver, PBMC, and
serum among patients from groups A, B, and C showed sta-
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TABLE 1. Characteristics of patients with HIV-HCV coinfections (group A), single HCV infections and abnormal ALT values (group B),
and single HCV infections with ALT values of <1.5 times the upper normal limit (group C)

Characteristic”

Group A (n = 44)

Group B (n = 66) Group C (n = 25)

Age (years)

Median 37 48 57
Range 31-44 20-66 29-65
Sex (no. of males/no. of females) 36/8 46/20 9/16
ALT value (IU/ml)
Median 78 94 38
Range 33-270 62-697 10-56
Pathological features (no. with features [%])
No hepatitis, minimal changes 11 (25.0) 9 (13.6) 13 (52.0)
Mild or moderate hepatitis 29 (65.9) 47 (71.2) 12 (48.0)
Severe hepatitis or cirrhosis 4(9.1) 10 (15.2) 0
HAI score
Median 3 3 2
Range 0-12 0-12 0-5
Fibrosis score
Median 1 1 0
Range 0-4 0-4 0-2
No. (%) of samples from HCV genotype
1 27 (61.4) 29 (43.9) 14 (56.0)
2 1(23) 24 (36.4) 11 (44.0)
3 9(20.4) 10 (15.1) 0
4 7 (15.9) 2(3.0) 0
Mixture (types 1 and 2) 0 1(1.6) 0
HIV load in plasma® (copies/ml)
Median 25 ND ND
Range 25-10,939 ND ND
No. of CD4* T cells/ul of blood”
Median 470 ND ND
Range 196-1,198 ND ND

“ND, not done.
® Value at the time of liver biopsy.

tistically significant differences. As shown in Fig. 1a, the me-
dian hepatic HCV RNA level was significantly lower for group
A (16,146 HCV RNA copies/p.g of total liver RNA; range, 469
to 131,578) than for groups B (68,750 HCV RNA copies/ng of
total liver RNA; range, 250 to 1,250,000) and C (250,000 HCV
RNA copies/pg of total liver RNA; range, 30,000 to 750,000).
Hepatic HCV RNA levels were also significantly lower for
group B than for group C (Fig. 1a). Similarly, the median HCV
RNA level in PBMC was significantly lower for group A (937
HCV RNA copies/pg of total PBMC RNA; range, 0 to 8,333)
than for groups B (4,166 HCV RNA copies/pg of total PBMC
RNA; range, 0 to 62,500) and C (6,250 HCV RNA copies/pg
of total PBMC RNA; range, 0 to 35,714) (Fig. 1b). Preliminary
experiments on specimens obtained from four patients to de-
fine the subpopulation(s) of PBMC harboring HCV RNA in-
dicated that the virus was predominantly localized in the B-cell
subset (data not shown).

In contrast, HCV RNA levels in the serum showed an
opposite trend, being significantly higher in patients from
group A (14,810,000 HCV RNA copies/ml; range, 252,000 to
118,900,000) than in patients from group B (4,729,500 HCV
RNA copies/ml; range, 199,000 to 74,620,000), although they
were not significantly different from those in patients from

group C (11,530,000 HCV RNA copies/ml; range, 230,000 to
63,470,000) (Fig. 1c).

Correlation of HCV RNA levels in liver, serum, and PBMC.
For all three groups of patients, a statistically significant cor-
relation was found between HCV RNA levels in the liver and
the serum, although the correlation was less consistent be-
tween HCV RNA levels in the serum or liver and those in
PBMC (Table 2).

DISCUSSION

In this study, we have reported a systematic quantitative
analysis of HCV RNA in different body compartments (serum,
liver, and PBMC) for patients with HCV infection only or with
HCV-HIV coinfection. Statistically significant differences
emerged from the evaluation of a substantial number of pa-
tients in each category. However, even though differences be-
tween the groups were statistically significant, a considerable
overlap was consistently documented among patient catego-
ries.

We were able to confirm previous surveys that reported a
significant correlation between HCV RNA levels in the liver
and the serum for HCV-infected patients (11, 22) and for a
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FIG. 1. HCV RNA levels in liver (a), PBMC (b), and serum (c)
from patients with HIV-HCV coinfections (group A), HCV infections
only, with abnormal ALT levels (group B), and HCV infections only,
with ALT values of =1.5 times the upper limit of normal (group C).
Horizontal lines represent medians.

small group of HIV-HCV-coinfected patients (33). However,
for the present study, coinfected patients were referred to us
while they were already on antiretroviral treatment, thus sig-
nificantly reducing the effect of HIV-induced immune system
suppression on HCV replication, which may be a profound
influence (3, 30). Because of this, it is important to emphasize
that >50% of the patients had virtually undetectable HIV
levels and only six patients had HIV titers exceeding 1,000
copies/ml.

The discrepancy between low hepatic HCV RNA concen-
trations and high HCV RNA concentrations in the serum for
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HIV-HCV-coinfected patients may have several explanations.
Increased HCV RNA levels in the serum suggest that there is
an enhanced release of HCV virions into the circulation or
enhanced viral replication in extrahepatic sites. However, the
former hypothesis is probably untenable, since at steady state
there should be equilibrium between virus production and
clearance. On the other hand, recent findings suggested that
the suppression of HIV-1 RNA and increases in CD4" cell
counts induced by HAART are indeed associated with signif-
icant increases in HCV RNA that are sustained over time (3).
An alternative, and probably more plausible, explanation is
that since HCV appears to replicate in certain subsets of
PBMC (19), under basal conditions of coinfection, HIV and
HCV would compete for this reservoir. With the successful
clearance of HIV-infected lymphocytes, HCV RNA levels in
serum would increase as more susceptible target cells become
available.

Low hepatic HCV RNA levels may instead result from suc-
cessful therapeutic responses to antiretroviral drugs. Indeed, it
has been shown that the CD4"-T-cell reconstitution induced
by HAART is responsible for better control of hepatic HCV
replication, and vigorous CD4"-T-cell responses are associ-
ated with slowly progressive or asymptomatic chronic liver
disease (2). It is well known that therapeutic regimens which
include PIs significantly improve T-cell responses in HIV-in-
fected subjects by enhancing CD4*- and CD8*-T-cell counts.
Indeed, the sustained disappearance of HCV RNA from pa-
tients responding to HAART, most likely through the resto-
ration of cytolytic T-cell responses, has been repeatedly re-
ported (10, 24, 34).

The correlation of HCV RNA levels in PBMC with those in
the liver and serum for the three groups of patients was less
consistent. Controversial data on the actual ability of HCV to
replicate in PBMC have been reported (17, 21), suggesting a
limited contribution of PBMC to the total HCV RNA burden.
In addition, no clear-cut differences between the three groups
of patients examined were observed. However, it was not pos-
sible to distinguish between active viral replication and the
mere presence of HCV RNA in lymphoid cells, as we did not
specifically investigate the presence of the HCV RNA minus
strand, which some investigators believe is indicative of viral
replication in this cellular compartment (22). Preliminary evi-
dence suggests that the HCV E2 envelope protein directly
interacts with CD81, a putative HCV receptor (25), on B-cell
membranes by inducing cross-linking of the B-cell coreceptor
complex with a membrane immunoglobulin (28). This may
significantly lower the B-cell activation threshold in the ab-

TABLE 2. Correlation of HCV RNA levels in different
compartments for the three groups of patients

Correlation for HCV RNA load”

Group Serum vs liver Serum vs PBMC Liver vs PBMC
r P value r P value r P value
A 0.6657  <0.0001 0.3754 0.0170 0.2706 0.0912
B 0.5176  <0.0001 0.5004 0.0002 0.3560 0.0104
C 0.5197 0.0078 0.3700 0.0687 0.4276 0.0330

“ HCV RNA loads were calculated in copies per milliliter for serum samples
and in copies per microgram of RNA for liver and PBMC samples.
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sence of viral replication. In this regard, note that, in agree-
ment with these findings, our study showed that HCV RNA
was predominantly localized in the B-cell subset and recent
data have reproducibly shown productive HCV infections of
B-cell lines isolated from patients with chronic HCV infection
(32). Further studies are needed to fully elucidate the mecha-
nisms of HCV pathogenesis and to clarify the role of virus
replication in different compartments in both HIV-seronega-
tive and HIV-seropositive individuals.
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