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A better understanding of how human immunodeficiency virus (HIV) coinfection affects the course of
hepatitis C virus (HCV) infection is required to select patients with HIV who would benefit from current HCV
therapy. Between June 1996 and March 2000, HCV RNA levels were quantified for 1,279 patients at the
Louisiana State University Health Sciences Center; 28 of these patients were coinfected with HIV. HCV loads
were quantified by the Bayer branched-DNA assay with a lower limit of detection of 0.2 Meq/ml. We compared
the median HCV RNA levels of for patients coinfected with HIV and HCV and patients infected only with HCV
who were in the same age range (23 to 55 years). The median HCV load for the 28 patients coinfected with HCV
and HIV (17.8 Meq/ml) was significantly greater (P < 0.05) than that for similarly aged patients infected only
with HCV (6.1 Meq/ml). The HCV load did not correlate with age or sex for either group of patients. A
significant (R 5 20.4; P < 0.05) negative correlation was observed between HCV load and CD4 count in the
coinfected group, for whom the CD4 counts at the time of HCV load analysis ranged from 6 to 1,773/mm3. The
increased HCV load in patients coinfected with HCV and HIV compared to that in patients infected only with
HCV and the inverse relationship of the HCV load to the CD4 count indicate that immunosuppression results
in decreased control of HCV replication. In addition, we report significantly higher HCV loads among
coinfected African Americans than Caucasians.

Many patients infected with human immunodeficiency virus
(HIV) are also coinfected with hepatitis C virus (HCV) due to
shared modes of transmission, namely, transfusion of blood
products and intravenous drug use (IVDU). The prevalence of
HCV-HIV coinfection ranges from 4 to 90% depending on the
percentage of IVDUs in the population (10). With the im-
proved rates of survival of HIV-infected patients since initia-
tion of highly active antiretroviral therapy (HAART), the im-
pact of HCV and other chronic diseases on the quality of life
and survival is of concern (33; V. Soriano, E. Valencia, F.
Laguna, and J. Gonzalez-Lahoz, Letter, Genitourin. Med. 70:
355–356, 1994), such that the National Institutes of Health has
recommended treatment for HCV infection in patients coin-
fected with HIV (23). A recent report shows that increased
numbers of HIV patients are dying of liver failure. These
deaths are not related to HIV, as more than half of these
patients have undetectable HIV RNA and CD4 T-cell counts
.200/mm3 (B. H. McGovern, I. Bica, D. Stone, and D. Snyd-
man, Abstr. 37th Infect. Dis. Soc. Am., abstr. 205, 1999). Thus,
a better understanding of how HIV affects the course of hep-
atitis C and the response to anti-HCV therapy is needed to
identify patients who would benefit most from anti-HCV ther-
apy.

The course of chronic HCV infection is accelerated in pa-
tients coinfected with HIV (12, 13, 30, 32, 35, 37, 41). The
livers of coinfected patients have more fibrosis and more se-

vere necroinflammatory changes (1, 3, 5, 14, 27). The frequen-
cies of cirrhosis (5, 27, 32, 35) and hepatic decompensation (12,
22, 29, 37) are increased among coinfected patients compared
to those among patients infected only with HCV.

The cause of accelerated HCV disease in the setting of HIV
infection is unknown, but several studies report that increased
HCV RNA levels are found in patients with dual HCV and
HIV infections (7, 13, 35, 40). In some studies (13, 36), higher
levels of liver enzymes correspond with higher HCV RNA
levels, suggesting that the accelerated and more aggressive
course of HCV infection is due to the cytopathic effects of the
higher viral load. However, a direct relationship between the
level of HCV viremia and either the severity of liver disease or
transaminase levels is not universally accepted (9, 16, 18, 19,
20, 24).

In addition, the role of HIV-mediated immunodeficiency in
accelerated HCV disease has not been clearly defined. One
study suggests that a decrease in the CD4 T-cell count is
associated with decreased portal inflammation and piecemeal
necrosis (17). In contrast, others (1, 3, 11, 29) report worsened
histopathology and increased frequency of hepatic decompen-
sation with decreased CD4 counts. Furthermore, some inves-
tigators report an inverse correlation between HCV RNA load
and CD4 T-cell count (2, 11, 13, 15), whereas others have
found no such correlation (4, 6, 7, 26, 33, 38, 39, 40).

Additional potential correlates of HCV load, e.g., alanine
aminotransferase (ALT) level, aspartate aminotransferase
(AST) level, age, race, sex, HCV genotype, hepatitis B surface
antigen (HBsAg) positivity, duration of infection, mode of
infection, and HIV load, have been investigated, with various
results (4, 8, 15, 18, 25, 36, 39, 40). These discrepant findings
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reflect the difficulty of understanding a disease for which both
the initial time of infection is often unknown and the course is
characterized by a prolonged asymptomatic period. Better un-
derstanding of the pathogenesis of HCV in the setting of HIV
is critical as we move into an era of treating HCV infection in
patients coinfected with HCV and HIV.

We investigated whether patients coinfected with HCV and
HIV have higher HCV loads than non-HIV-infected patients
and, if so, whether this can be correlated to their immunocom-
promised state, as measured by CD41 T-cell counts. We also
explored the influence of other demographic characteristics
such as age, sex, and race on HCV load, as these demographic
factors may be significant in identifying those who should be
targeted for treatment against HCV.

MATERIALS AND METHODS

Collection of patient data. HCV RNA viral loads were assessed for a total of
1,279 patients at the Louisiana State University Health Sciences Center (LSU-
HSC) Diagnostic Virology Laboratory from June 1996 to March 2000. Of these,
28 were determined by enzyme-linked immunosorbent assay to be coinfected
with HIV. This most likely is an underestimate of the number of patients
coinfected with HCV and HIV as we could not verify the HIV status for all
samples tested for HCV. At LSUHSC, all patients identified as HIV positive are
referred to the Viral Disease Clinic for follow-up. However, we cannot deter-
mine how many do not present for further treatment. The test samples were
submitted by a variety of primary care clinics within the LSUHSC system. The
sampling is most likely biased to adult patients, as children are not treated for
chronic HCV infection. Criteria for HCV RNA testing are not available; how-
ever, this test is recommended for patients who are known to be HCV antibody
positive. As HCV antibody status could not be verified for the 1,251 patients
infected only with HCV, those (n 5 327) with HCV RNA levels below the limit
of detection, ,0.2 Meq (1 Meq is 106 genome equivalents)/ml, were excluded
from our analysis. Among the patients in the coinfected group, three patients had
HCV RNA loads ,0.2 Meq/ml. Because these three patients were documented
to have HCV antibodies, they were included for analysis and assigned viral loads
of zero. The age range of all patients infected only with HCV and with HCV
RNA loads .0.2 Meq/ml was 4 months to 89 years. In order to exclude variation
due to age in our comparison of the group infected only with HCV with the
coinfected group, we used a subgroup of patients infected only with HCV (n 5
819) that were in the same age group as the coinfected patients (23 to 55 years).
The age distributions in these two groups were both normally distributed. There
was no statistical difference between the mean ages for the group infected only
with HCV (41.2 years; standard deviation, 6.8 years) and the coinfected group
(39.4 years; standard deviation, 8.1 years).

The ages and sexes of all patients were obtained from Diagnostic Virology
Laboratory patient logs. Other information, such as CD4 count, ALT level, AST
level, and race, for the patients coinfected with HCV and HIV were gathered by
chart review. All 28 coinfected patients were monitored at the LSUHSC Viral
Disease Clinic. If more than one viral load assay was performed, the highest

value was chosen for analysis for patients who were HCV positive only, as the
lower values might be a result of anti-HCV therapy. In contrast, the lower HCV
RNA level was chosen in the coinfected group since none of these patients were
being treated for HCV. In so doing, we believed that we were biased against
rather than in favor of our hypothesis. In all cases, HCV RNA levels of .120
Meq/ml are given the value 120 Meq/ml.

Determination of HCV load. HCV RNA loads were measured by the Quan-
tiplex branched-DNA assay (version 2.0; Bayer Corporation, Norwood, Mass.)
according to the manufacturer’s instructions. The lower and upper limits of
detection of this assay were 0.2 and 120 Meq/ml, respectively.

Statistical analysis. Because of the observed nonnormality of the data on
HCV loads and CD4 counts, nonparametric methods were used to analyze these
two variables in our study. The medians for the two groups were compared by the
Wilcoxon test. Associations between HCV load and CD41 T-cell count and
between HCV load and age were determined by the Spearman rank correlation
coefficient. Since a log10 transformation of HCV load, age, and CD4 count
resulted in their normalization, the Pearson correlation coefficients were also
calculated to determine significant associations of log10 HCV RNA load with age
and log10 CD4 count. Both methods yielded equivalent results. A covariance
analysis on the ranks of HCV RNA level and CD4 count was used to assess the
association of HCV load with race and CD4 count among the coinfected pa-
tients. A significance level of 0.05 was used for all statistical tests.

RESULTS

To test our hypothesis that patients coinfected with HCV
and HIV have higher HCV RNA levels than patients infected
only with HCV, we compared the median HCV RNA levels for
these patients in our study (Table 1). The median HCV RNA
level for the coinfected patients (17.8 Meq/ml) was approxi-
mately sixfold greater than the median for all patients infected
only with HCV (2.8 Meq/ml) (P , 0.05). In an effort to exclude
from our analysis any patient who might not be truly HCV
infected, we compared the median HCV RNA level for the
coinfected patients with the median HCV RNA level for those
infected only with HCV and with detectable RNA. The median
HCV RNA level for the coinfected patients (17.8 Meq/ml) was
approximately threefold greater than the median for that sub-
group of patients infected only with HCV (6.0 Meq/ml) (P ,
0.05) (Table 1). To exclude the effect of age, we compared the
median HCV RNA level for coinfected patients with that for a
subgroup of patients who were infected only with HCV and
who were in the same age group as the coinfected patients
(ages 23 to 55). We also found a threefold greater difference in
the HCV RNA load for the coinfected patients. The larger
interquartile ranges (Table 1), reflecting data variability, of the

TABLE 1. Median age and HCV load for each patient group

Patient group

Total Female Male

Sample
size

(no.)

Age (yr
[IRa])

HCV loadb

(Meq/ml
[IR])

Sample
size

(no.)

Age (yr
[IR])

HCV loadb

(Meq/ml
[IR])

Sample
size

(no.)

Age (yr
[IR])

HCV loadb

(Meq/ml
[IR])

HCV positivec 1,251 NCd 2.8 (11.5) NC NC NC NC NC NC
HCV positive with detectable HCVe 924 42 (10) 6.0 (15) 441 42 (13) 4.5 (12.2) 483 42 (9) 78 (17.8)
HCV positive with detectable HCV,

ages 23 to 55 yr
819 41 (9) 6.1 (15.4) 369 41 (10) 4.5 (12.4) 450 42 (9) 7.7 (17.2)

HCV-HIV coinfectionf 28 38 (11) 17.8 (35.6) 7 35 (8) 6.8 (61.0) 21 41 (11) 18 (23.1)

a IR, interquartile range.
b HCV load as measured by branched DNA assay.
c HCV-infected patients, excluding the 28 coinfected patients.
d NC, not calculated.
e HCV-infected patients with viral loads greater than or equal to 0.2 Meq/ml and excluding the 28 coinfected patients.
f All coinfected patients were within the age range of 23 to 55 years.
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HCV RNA levels in the coinfected group are most likely due
to the smaller sample size.

We also examined factors such as sex and age as potential
correlates of HCV RNA level. Compared to the patients in-
fected only with HCV, the coinfected patients had a predom-
inance of men (75 versus 52 to 55%; Table 1). The median ages
were similar for both HCV-infected and coinfected groups
(Table 1). No significant correlation was found between HCV
RNA level and age or sex in the HCV-infected group or the
coinfected group (Table 1 and Fig. 1 and 2).

To determine potential determinants of HCV RNA levels in
coinfected patients, we examined its association with the AST
level, ALT level, CD41 T-cell count, and race (Table 2). No
liver biopsy specimens were available for comparison. AST and
ALT levels, often used as markers of liver disease, had no
significant association with HCV load (R 5 0.3) [P 5 0.1] and
R 5 0.14 [P 5 0.5], respectively). The CD41 T-cell counts at
the time that the samples for determination of HCV loads

were collected ranged from 6 to 1,773/mm3. Eleven patients
had CD4 counts .500/mm3, 8 had CD4 counts between 200
and 500/mm3, and 9 had CD4 counts ,200/mm3. We observed
a significant inverse relationship between HCV RNA load and
CD41 T-cell count (R 5 20.4 [P , 0.05]), as shown in Fig. 3.

In addition to CD4 count, race also had a significant asso-
ciation with the HCV RNA level within the coinfected group.
Fifteen African-American and 13 Caucasian patients were,
coinfected with HCV and HIV (Table 2). The median HCV
RNA level for the African-American patients (21.2 Meq/ml)
was significantly higher than the median HCV RNA level for
the Caucasian patients (10.0 Meq/ml; Table 2). The majority of
the coinfected patients contracted HIV and HCV through
IVDU (16 of 28; 57%) or male homosexual activity (12 of 28;
43%), or both (10 of 28; 36%). Equal numbers of African
Americans and Caucasians admitted to IVDU and male ho-
mosexuality, and only one patient, a Caucasian female, was a
hemophiliac. Only one patient, an African American, had de-
tectable HBsAg, even though 12 patients (7 of whom were
African Americans) were hepatitis B core antibody positive.
We further examined whether the higher median HCV RNA
load among African Americans was related to lower CD4
counts on initial diagnosis of HIV infection. We found that the
median CD4 count for coinfected American-African patients
was 248/mm3, whereas it was 554/mm3 for Caucasian patients
(P , 0.05). However, when controlling for CD4 count, the
difference in the median HCV RNA level between the two
racial groups is no longer significant at a P level of 0.05,
probably due to the resulting smaller sample sizes.

DISCUSSION

In the study described in this report we confirmed previous
findings that HCV RNA levels in patients coinfected with
HCV and HIV are higher than those in patients infected only
with HCV (7, 13, 35, 39, 40). As reported by other investiga-
tors, this higher HCV RNA level does not correlate with age or

FIG. 1. The 924 patients infected only with HCV and with detect-
able HCV RNA levels (greater than or equal to 0.2 Meq/ml) were
divided into age groups of 5-year increments. Their mean HCV RNA
levels were graphed for each age group by sex. No significant associ-
ation was found between age or sex and HCV load.

FIG. 2. HCV RNA levels for patients coinfected with HCV and
HIV were compared to their ages. No correlation (P 5 0.2) was found
between age and HCV RNA loads.

FIG. 3. HCV RNA levels for patients coinfected with HCV and
HIV were compared to the CD41 T-cell counts in peripheral blood.
The CD4 counts were obtained at the same time as HCV RNA quan-
titation. A significant inverse relationship (P , 0.05) was found be-
tween HCV load and CD41 T-cell count.
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sex (21, 39, 40). A recent study (39) of determinants of HCV
RNA levels among a cohort of IVDUs found a strong corre-
lation of HCV RNA level with age for the group infected only
with HCV (n 5 501) but no such correlation among the coin-
fected group (n 5 468). This discrepancy in the relationship of
HCV RNA load to age by patient group is not well explained.
In our study, we found no correlation between age and HCV
RNA level for either monoinfected or coinfected patients (Fig.
1 and 2).

We also examined the potential correlates of HCV RNA
level in our coinfected group of patients. Like other investiga-
tors (4, 15, 39), we do not find a significant correlation between
HCV RNA load and AST or ALT level. We believe this is
because changes in AST and ALT levels do not correlate with
the degree of liver damage (18). We, like others (2, 11, 13, 15),
find that HCV RNA levels are inversely related to CD41 T-cell
count (P , 0.05), suggesting that immune status does play a
role in controlling HCV replication. Whether the higher HCV
load and the lower CD4 count result in more advanced liver
disease. (1, 3, 11, 29) or to less severe liver histopathology (17)
needs further study to help clarify the mechanism of hepatic
injury in individuals with chronic HCV infection.

A unique finding in our study is the association of race with
HCV RNA level among our coinfected population. The higher
median HCV RNA level among African-American patients
cannot be attributed to the mode of HCV acquisition, since
equal numbers of African Americans and Caucasians admitted
to being male homosexuals and intravenous drug abusers. Al-
though the detection of HBsAg is associated with lower HCV
RNA levels (39), hepatitis B virus infection status does not
explain the higher level of HCV RNA among African Amer-
icans in our study. On the basis of the observed significant
negative correlation between HCV load and CD4 count, we
suspect that the higher HCV RNA levels among African
Americans are most likely secondary to their lower CD4
counts. However, the small sample size precludes support of
this association by covariance analysis. A major uncontrolled
factor is the duration of HCV infection. The lower CD4 counts
among African-American patients suggest more advanced
HIV infection and probably a longer duration of infection with
HIV and HCV at the time of presentation to our clinic. In
addition, there may also be undefined genetic and immuno-
logic factors that lead to differences in controlling HCV rep-
lication, since differential responses to anti-HCV combination
therapy have been reported for African Americans and Cau-
casians (J. W. King, A. Shakashiro, D. R. Favrot, K. Kennedy,

L. A. Balart, J. A. Kirkikis, W. E. Lyles, J. Hollier, D. Srinivas,
J. Achord, Abstract, 36th Infect. Dis. Soc. Am., abstr. 292,
1998). We further speculate that HCV genotype differences
may potentially contribute to higher HCV RNA levels among
our coinfected African-American patients. Higher HCV RNA
levels were reported for patients infected with genotype 1
strains (4).

Since the advent of HAART, HIV-infected patients have
enjoyed improved survival rates but are experiencing increased
rates of morbidity and mortality from other chronic diseases
such as hepatitis C. Better understanding of the effect of HIV
coinfection, determinants of increased HCV RNA levels, and
the significance of high HCV RNA levels to the accelerated
course of HCV infection are needed to better identify patients
who would benefit most from treatment against HCV infec-
tion. In the study described in this report, we showed that
CD41 T-cell count and race, but not age or sex, are important
determinants of the HCV RNA load. In light of recent reports
suggesting that HAART results in a transient worsening of
HCV infection (28, 31), further evaluation of the effect of
HAART on the course of HCV infection and the response to
treatment against HCV infection are also needed. Further
attention should focus on racial differences in HCV genotype
predominance, the course of HCV infection, and responses to
anti-HCV therapy.
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