
Histological Damage in Chronic Hepatitis C Is Not
Related to the Extent of Infection in the Liver
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It has not been completely elucidated whether the
liver injury induced by the hepatitis C virus (HCV) is
due to direct cytopathic damage or to an immune-
mediated response against HCV-infected hepatocytes.
In this work, we have determined the percentage of
HCV-infected hepatocytes, the histological activity in-
dex, and the viremia levels in chronically HCV-in-
fected patients with different grades of liver injury to
investigate any possible correlation between them.
For that purpose, liver biopsies from 27 patients with
HCV chronic hepatitis were analyzed by in situ hy-
bridization. This technique revealed that the percent-
age of infected hepatocytes ranged from 0.04% to
83.6%. Regarding the viremia levels, HCV RNA con-
centration ranged from 1.8 3 103 to 1.4 3 106 genome
copies/ml. A significant correlation (r 5 0.54; P 5
0.003) between the percentage of infected hepato-
cytes and the viremia levels was found. In contrast,
no correlation was observed between the percentage
of HCV-infected hepatocytes or the viremia levels and
the histological activity index. In conclusion, we have
shown that the HCV viremia reflects the extent of the
infection in the liver and that the liver injury in chronic
HCV infection is not directly related to either the num-
ber of infected hepatocytes or the serum HCV RNA con-
centration. (Am J Pathol 1999, 154:1877–1881)

Chronic hepatitis C virus (HCV) infection is characterized
by a wide spectrum of liver damage, ranging from mini-
mal lesions to liver cirrhosis. The pathogenesis of HCV-
induced liver injury has been attributed to either direct
cytopathic damage1–3 or to an immune-mediated injury
against HCV-encoded proteins.4–5 In an attempt to clarify
this issue, several authors have analyzed the relation
between serum HCV viremia or the viral load in the liver
and the stage of liver disease with contradictory re-

sults.6–12 However, none of these articles analyzed the
relationship between the number of HCV-infected hepa-
tocytes and the liver damage, which may be a better way
to study this point.

On the other hand, whether serum HCV viremia reflects
the viral load in liver is still controversial.10,13 These dif-
ferences may be due to the fact that the methods used to
quantify the HCV-RNA levels in liver depend on a prior
extraction of the total RNA from the hepatocytes so that
the quantification of the viral load in the liver will depend
on the efficiency of the extraction procedure. In a previ-
ous report,14 we demonstrated using non-isotopic in situ
hybridization and digital image analysis of the hybridiza-
tion signals that serum HCV viremia is related to the
percentage of infected hepatocytes in HCV-infected pa-
tients with chronic active hepatitis.

In the present work we have determined the percent-
age of HCV-infected hepatocytes in liver biopsies by in
situ hybridization, the histological activity index, and the
serum viremia levels in chronically HCV-infected patients
with different grades of liver injury in an attempt to reveal
any possible correlation or interdependence between
them.

Patients and Methods

Paraffin-embedded liver biopsies from 27 anti-HCV-pos-
itive and serum HCV-RNA-positive patients (17 male, 10
female) with histologically proven chronic hepatitis and
abnormal alanine aminotransferase (ALT) levels (mean,
174.88 6 124.88 IU/L; range, 41–538 IU/L) were ana-
lyzed by in situ hybridization. None of the patients had
hepatitis B surface antigen (HBsAg), anti-hepatitis D virus
antibodies (anti-HDV), or anti-hepatitis A virus IgM anti-
bodies (IgM anti-HAV). The histological diagnoses of the
patients were minimal chronic hepatitis with no fibrosis in
1 patient, mild chronic hepatitis in 21 patients (2 with no
fibrosis, 6 with mild fibrosis, 6 with moderate fibrosis, 7
with severe fibrosis) and moderate chronic hepatitis in 5
patients (1 with moderate fibrosis, 2 with severe fibrosis,
2 with cirrhosis).
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Rábago.

Accepted for publication February 19, 1999.

Address reprint requests to Dr. Vicente Carreño, Department of Hepa-
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None of the patients was receiving antiviral or immu-
nosuppressive therapy when the liver biopsy was ob-
tained. A serum sample obtained at the same time as the
liver biopsy and properly stored at 220°C was available
from each patient.

Viral Markers in Serum

HbsAg, anti-HDV, and IgM anti-HAV were tested by com-
mercial enzyme immunoassays (Abbott Laboratories,
North Chicago, IL). Anti-HCV was tested by a third-gen-
eration enzyme-linked immunosorbent assay test (Ortho
Diagnostic Systems, Raritan, NJ) and confirmed by third-
generation recombinant immunoblotting assay (RIBA III,
Ortho).

HCV-RNA presence and levels were determined by
using the Amplicor Monitor Test Kit (HCV Monitor quan-
titative assay, Roche Diagnostic Systems, Basel, Switzer-
land) following the instructions supplied by the manufac-
turer.

HCV-RNA Genotyping

HCV-RNA genotyping in the patients was performed as
described by Navas et al.15

In Situ Hybridization

Paraffin-embedded liver sections of the patients were in
situ hybridized using a 340-bp cDNA corresponding to
the 59 noncoding region of the HCV genome as probe.

The in situ hybridization technique and the specific
controls used were performed as described by Gosálvez
et al.14 In the in situ hybridization experiments, slides from
two patients with chronic autoimmune hepatitis, two pa-
tients with chronic hepatitis B, and six patients with
chronic alcoholic hepatitis, all of them without HCV mark-
ers, were used as negative controls.

Image capture of in situ hybridized liver biopsies were
performed under a Leika DMB microscope. Images were
acquired using a CCD camera (DIC-N, World Precision
Instruments, Cambridge, UK) and for quantification of the
infection low magnification (320) objectives were used.
Single frames of each biopsy were used to construct a
whole liver biopsy using the Adobe Photoshop 4.0 soft-
ware (Adobe Systems, San Jose, CA). The areas of in-
fection visualized with in situ hybridization were localized
by automatic segmentation protocols using VISILOG 5.0
Image analysis software (NOESIS Vision, Inc., Quebec,
PQ). The percentage of infection in each patient was
derived from the same analyzed surface.

Histological Diagnosis

Two consecutive slides from each liver biopsy were
stained with hematoxylin-eosin for histological diagnosis.
The histological activity index was estimated according
to Knodell et al16 and the histological diagnosis made
according to Desmet et al.17 The histological diagnoses

were performed under code by two independent pathol-
ogists.

Liver Function Test

Liver function tests were analyzed by standard methods
(SMAC-20, Technicon, New York, NY).

Statistical Analysis

The Spearman correlation was used for correlations. All
statistical analyses were performed using the SPSS pack-
age (release 6.0 for Windows, SPSS, Chicago, IL).

Results

HCV-RNA in Serum

Genotyping of the HCV RNA isolated from serum and
amplified by reverse transcription-polymerase chain re-
action revealed that all patients were infected by the HCV
1b genotype.

With respect to serum viremia levels, the HCV RNA
concentration in the patients included in the study ranged
from 1.8 3 103 to 1.4 3 106 genome copies/ml (Table 1).

No statistical correlation was found between serum
viremia levels and the total histological activity index (r 5
0.25, P 5 0.19) or its individual components: periportal

Table 1. Percentage of HCV-Infected Hepatocytes, Serum
Viremia Levels, and Histological Activity Index
(HAI) in the Patients Included in the Study

Patient no.
% Infected

hepatocytes
Serum viral load

(genome copies/ml) HAI*

1 0.04% 5 3 103 (3,2,1,3)
2 0.52% 3.2 3 104 (3,1,2,2)
3 0.60% 1 3 104 (1,2,1,0)
4 1% 1.4 3 104 (3,3,3,3)
5 1.12% 5 3 104 (3,2,2,2)
6 1.16% 4.7 3 103 (4,3,1,2)
7 1.88% 1.8 3 104 (3,2,2,3)
8 2.6% 8.3 3 105 (3,3,2,4)
9 2.64% 1.3 3 105 (3,1,3,2)

10 3.16% 1.8 3 104 (2,1,1,1)
11 3.16% 8.9 3 104 (2,0,1,0)
12 3.44% 1.7 3 104 (2,1,2,1)
13 4.24% 2.3 3 105 (3,1,2,3)
14 4.48% 3.1 3 105 (3,1,1,1)
15 4.6% 3 3 105 (3,3,2,4)
16 4.92% 9.6 3 104 (4,2,2,3)
17 5.32% 9.1 3 104 (3,2,1,3)
18 5.32% 3.3 3 104 (4,1,2,3)
19 7.08% 3 3 105 (2,1,1,2)
20 9.20% 2.5 3 105 (3,1,2,2)
21 10.08% 1.8 3 105 (3,2,2,3)
22 11.32% 1 3 105 (4,2,1,1)
23 11.52% 1.8 3 103 (2,1,1,0)
24 20.6% 2.5 3 105 (1,1,2,1)
25 22.64% 8 3 104 (4,1,2,1)
26 41.60% 1.2 3 106 (3,4,2,3)
27 83.6% 1.4 3 106 (4,3,3,2)

*Numbers refer to periportal necrosis, intralobular degeneration,
portal inflammation, and fibrosis.
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necrosis (r 5 0.14, P 5 0.47), intralobular degeneration
(r 5 0.12, P 5 0.52), portal inflammation (r 5 0.31, P 5
0.11), and fibrosis (r 5 0.28, P 5 0.15). Furthermore, no
correlation was observed between the serum HCV-RNA
concentration and the biochemical liver function test, ALT
(r 5 0.13, P 5 0.48), aspartate aminotransferase-AST
(r 5 0.22, P 5 0.26), and g glutamiltranspeptidase-GGTP
(r 5 0.34, P 5 0.08).

In Situ Hybridization

In situ hybridization using the HCV-derived probe showed
positive signals in the hepatocytes from the liver biopsies
of all anti-HCV-positive, serum HCV-RNA-positive pa-
tients analyzed. Positive hepatocytes were randomly dis-
tributed throughout the liver biopsies with no clustering in
any specific part of the liver samples.

No hybridization signals were observed in other cell
types within the liver (Figure 1). Furthermore, no positive
signals were detected in the liver biopsies from the 10
anti-HCV-negative patients used as negative controls
(Figure 1).

Regarding the localization of the hybridization signals,
there were mainly detected in the cytoplasm of the hepa-
tocytes, although nuclear staining was also observed in
scattered hepatocytes.

The percentage of infected hepatocytes ranged from
0.04% to 83.6% (Table 1). A statistically significant cor-
relation (r 5 0.54; P 5 0.003) between the percentage of

infected hepatocytes and the serum viremia levels was
found (Figure 2).

In contrast, no correlation was observed between the
percentage of HCV-infected hepatocytes and the histo-
logical activity index (r 5 0.08; P 5 0.67) or its individual
components: periportal necrosis (r 5 0.17, P 5 0.38),
intralobular degeneration (r 5 20.06, P 5 0.75), portal
inflammation (r 5 0.09, P 5 0.62), and fibrosis (r 5 0.116,
P 5 0.56). Figure 3 shows an example of two patients with
different percentages of infected hepatocytes and serum
viremia levels but with similar histological features. Fur-
thermore, there is no correlation between the percentage

Figure 2. Regression analysis of correlation between the percentage of in-
fected hepatocytes and the serum viral load (genome copies/ml).

Figure 1. In situ hybridization and mapping of HCV virus in different patients. a: negative control with no traces of infected hepatocytes. Distribution of infected
cells (arrow) in patients with 1.8 3 104 genome copies/ml (b) and with 1.2 3 106 genome copies/ml (c) in serum. d: General view of a single frame capture to
show the distribution of the infection. e: Visualization of the infection in a single hepatocyte.

HCV Infection and Liver Damage 1879
AJP June 1999, Vol. 154, No. 6



of infected hepatocytes and the ALT (r 5 20.06, P 5
0.72), AST (r 5 20.03, P 5 0.85), and GGTP (r 5 0.068,
P 5 0.73) levels.

Discussion

The liver pathogenesis of chronic HCV infection remains
unclear. It has been attributed to either a direct cyto-
pathic effect of the virus1–3 or to the host immune re-
sponse against infected hepatocytes.4,5 Several authors
have tried to correlate the viral load in the serum or liver
with the degree of liver injury, with conflicting results.6–12

Furthermore, whether the viral load in the liver correlates
with the serum viremia levels is still in controversy.10,13 In
the present study we have used in situ hybridization to
determine the number of HCV-infected hepatocytes and
we have correlated the results with the individual compo-
nents of the histological activity index and with the serum
viremia levels in patients with chronic HCV hepatitis.

We found that the serum viremia levels correlate with
the percentage of HCV-infected hepatocytes in patients
whose liver damage ranged from minimal hepatitis to liver
cirrhosis. This finding confirms that the serum HCV vire-
mia reflects the extent of HCV infection in the liver,14 and

shows that this correlation does not depend on the stage
or grade of the liver injury. However, it should be noted
that the correlation between percentage of labeled hepa-
tocytes and serum viremia is not very strong. If the three
patients with a high level of viremia are removed from the
analysis, then the difference in percentage of labeled
hepatocytes between high and low viremia is only about
twofold (4–8%), whereas viremia varies tenfold.

The correlation between viremia and percentage of
infected hepatocytes also suggests that HCV replication
in extrahepatic tissues, such as peripheral blood mono-
nuclear cells18 or bone marrow cells,19 does not signifi-
cantly contribute to the HCV RNA levels in serum.

On the other hand, we did not find any relation be-
tween the number of HCV-infected hepatocytes and any
of the parameters of the histological activity index (peri-
portal necrosis, intralobular degeneration, portal inflam-
mation, and fibrosis) described by Knodell et al.16 Fur-
thermore, no correlation between the number of HCV-
infected hepatocytes and the liver function test (ALT,
AST, and GGTP) was observed. Considered as a whole,
all these data suggest that HCV infection of the hepato-
cytes does not per se contribute significantly to the liver
injury.

Our findings agree with previous reports in which the
intrahepatic HCV RNA concentration measured by differ-
ent methods (dot blot polymerase chain reaction or
bDNA assay) was correlated with the liver injury.11,12

However, a problem exists when methods that depend
on the extraction of the total RNA from the liver are used,
because serum contamination lead to an inadequate
measurement of intrahepatic HCV-RNA levels. In con-
trast, in situ hybridization provides a direct measurement
of the number of infected hepatocytes and avoids this
problem.

On the other hand, when the serum HCV RNA levels
were correlated with the components of the histological
activity index and with the liver enzyme levels, no corre-
lation was found.

The data on the detection of HCV RNA in liver and in
serum could imply that the liver injury in the chronic HCV
infection is not directly related with the levels of viral
replication and may be mediated by the host immune
response against HCV-infected hepatocytes. The fact
that there are HCV chronic carriers with normal or nearly
normal liver histology20 supports this hypothesis.

It should be pointed out that all of the patients included
in this study were infected with the HCV 1b genotype and
that the mechanism of liver injury induced by other HCV
genotypes could be different. However, it has been
shown that there are no differences in histological dam-
age between patients infected by different HCV geno-
types,11,21 indicating that the same mechanism of liver
damage is provoked by the different HCV genotypes.

In conclusion, in this report we have shown that the
serum HCV viremia reflects the extent of the infection in
the liver and that the liver injury in chronic HCV infection
is not directly related to the number of infected hepato-
cytes or to the HCV RNA concentration in serum.

Figure 3. Fibrous and inflammatory portal expansion in two cases of chronic
hepatitis C with very similar histological picture and different percentage of
infected hepatocytes and viral load in serum. The patient in A had 1.8%
infected hepatocytes and a viral load in serum of 1.8 3 104 copies ge-
nome/ml in serum. The patient in B had 41.6% infected hepatocytes and a
viral load in serum of 1.2 3 106 genome copies/ml. These two patients’ in
situ hybridization results are shown in Figure 1, b and c, respectively.
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