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Abstract This paper describes the correlation of hepati-
tis C genotypes detected in liver tissue with histological
grading (inflammatory activity) and staging (degree of
fibrosis/cirrhosis). The viral genotype was analysed by
type-specific polymerase chain reaction (PCR) and cor-
related with histology and age of patients. In 69 patients
with chronic hepatitis C (HCV) infection, genotypes la
and 1b were detected in 13 (18.8%) and 31 (44.9%) liver
biopsies, respectively. Genotypes 2a and 2b were each
detected once (1.5%) and 12 (17.4%) tissue samples
showed a mixed infection with two genotypes. In 11
(15.9%) biopsies, no genotype could be established. The
liver specimens were grouped according to the presence
or absence of genotype 1b: group A consisted of speci-
mens infected with genotypes la, 2a, and 2b (n=16),
Group B contained biopsies infected with genotype 1b
(n=42), and group C were biopsies with no detectable
genotype (n=11). Activity (grade) of chronic hepatitis
was not different in these three groups. However, ad-
vanced fibrosis/cirrhosis was observed in 16 (38.1%) bi-
opsies in group B (containing genotype 1b), compared
with none in group A (P=0.01). The mean age of patients
in group B was significantly higher than that in group A
(P=0.038), and the mean age of patients with advanced
fibrosis was higher than that of patients with low fibrosis
scores within these two groups (P=0.004). Stepwise lo-
gistic regression revealed an independent association of
age and genotype 1b (group B) with advanced fibro-
sis/cirrhosis. These data indicate that patients infected
with genotype 1b have an higher risk of developing cir-
rhosis than do patients with other genotypes.
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Introduction

Hepatitis C virus (HCV) is the major cause of post-trans-
fusion, intravenous drug use, and of sporadic, communi-
ty-acquired non-A, non-B hepatitis. Chronic infection
with this virus may lead to cirrhosis and hepatocellular
carcinoma [1, 9, 20]. The diagnosis of HCV is based on
the detection of specific anti-HCV antibodies against re-
combinant proteins and the detection of viral RNA by
the polymerase chain reaction (PCR) in the serum [13,
22]. Although earlier reports have described the histolog-
ical features of non-A, non-B hepatitis [5, 11, 34], it was
not until the introduction of appropriate diagnostic tests
that specific findings of lymphoid follicles, bile duct le-
sions and steatosis were shown to be preferentially asso-
ciated with chronic hepatitis C [3, 16, 19, 24, 37].

HCV is a positive strand RNA virus of about 9500
bases and is related to pestivirus and flavivirus [9, 26].
Nucleotide sequences of clinical HCV isolates have re-
vealed considerable nucleotide differences. Based on this
nucleotide variability, it has been proposed that HCV be
classified into different genotypes [6, 31]. Recently, a
consensus system for nomenclature has been proposed
by an international group, and this nomenclature has
been used in this paper [39]. Several studies have fo-
cused on the relationship of specific HCV genotypes de-
tected in the serum and the clinical course of chronic
hepatitis, and also on the sensitivity to antiviral therapy
by interferon alpha (IFN-o). A higher incidence of cir-
rhosis and a lower rate of response to IFN-o were report-
ed in patients infected by genotype 1b [7, 27, 30, 35, 41,
44]. Other studies, however, have claimed the virus load
to be predictive of sustained response to IFN-¢ therapy
independent of the viral genotype [29, 43].

In this study we analysed the genotype of HCV in liv-
er biopsies from patients with chronic hepatitis C infec-
tion. We have correlated the genotype with patient age
and the histological activity, stage and the presence of in-
dividual features considered characteristic for hepatitis C.
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Materials and methods

Sixty-nine consecutive liver biopsies of patients with chronic hep-
atitis C in which frozen liver tissue was available were studied. All
were positive for anti HCV antibodies (second-generation enzyme
immunoassay) and negative for HBsAg or anti-HBc IgM antibod-
ies. None of the patients had been treated with IFN-o within the
past 12 months. All patients underwent liver biopsy for diagnostic
purposes because of elevated liver function tests. One part of the
biopsy (0.5-1 cm) was frozen at ~70°C. For conventional histolo-
gy, the liver tissue was fixed in 4% neutral buffered formalin and
stained with haematoxylin and eosin, chromotrope aniline blue,
orcein, periodic acid-Schiff following diastase digestion, sirius red
and Prussian blue.

The grade of activity of chronic hepatitis was categorized us-
ing the following four groups as recently described [4]: minimal
chronic active hepatitis (CAH); mild CAH; moderate CAH; and
severe CAH. The stage of fibrosis/cirthosis was divided into two
groups [4]: minimal to mild fibrosis (including none or mild portal
fibrosis, portal fibrosis with incomplete septa and portal fibrosis
with septa bridging portal-portal) and advanced fibrosis/cirrhosis
(including septa bridging portal-central or focal incomplete cirrho-
sis, diffuse incomplete and/or focal complete cirrhosis).

In addition, three features typically associated with hepatitis C
have been analysed: the presence of lymphoid follicles, the pres-
ence and extent of steatosis (as percentage of parenchymal area in-
volved) and the presence of bile duct lesions [3, 16, 19, 24, 34,
371.

RNA preparation: Total RNA was isolated from liver tissue as
described elsewhere [8]. The frozen liver tissue was homogenized
with 500 ml denaturing solution containing 4 M guanidinium thio-
cyanate. The RNA fraction was purified by chloroform~isoamyl
alcohol (49:1), precipitated by isopropyl alcohol and resuspended
in 10-15 ml RNase-free H,O.

The quality of the extracted RNA was tested by PCR using oli-
gonucleotide primers for albumin mRNA [38]. All samples were
tested by nested PCR using primers for the 5’ non-coding region
(NCR) of the HCV genome. Complementary DNA was reverse
transcribed by random hexamer priming and 10-15% of the c-
DNA mix was applied to the PCR as previously described. The
PCR product was analysed on a 2% agarose gel, revealing a 146-
bp DNA fragment [15].

The HCV genotype was determined essentially by the tech-
nique described by Okamoto et al. [32]. To overcome nonspecific
PCR products [21], 2% formamide was added to the second round
of PCR. All PCR products were analysed on a 4% NuSieve 3:1
agarose gel (FMC BioProducts, Europe) and visualized by ethid-
jum bromide staining. Four type-specific DNA fragments of
57 bp, 144 bp, 174 bp and 123 bp for genotypes 1a, 1b, 2a and 2b,
respectively could be detected (Fig. 1).
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Fig. 1 Genotyping of HCV-RNA in liver biopsies: ethidium bro-
mide-stained agarose gel showing the PCR products of different
genotypes (lane 1 genotype la (57 base pairs (bp), lane 2 geno-
type 1b (144 bp), lane 3 genotype 2b (123 bp), lane 4 mixed infec-
tion with genotype 1b and 2a (144 and 174 bp, respectively, N
negative control, M molecular weight marker)

The fibrosis data were analysed using the chi-square test. The
ages within the groups were analysed by the Mann—Whitney U-
test. For the independent analysis of fibrosis and age a stepwise lo-
gistic regression was performed.

Results

HCV RNA was detected in 65 (94.2%) of 69 biopsies
from patients with chronic HCV infection by either the
NCR or the genotype oligonucletide primer sets. Albu-
min was detected by PCR in all biopsies analysed. Geno-
typing was succesful in 58 (84.1%) of the samples; 43
(74.1%) of 58 were also positive by the NCR primers.
Genotypes 1a and 1b were detected in 13 (18.8%) and 31
(44.9%) of 69 liver biopsies respectively (Table 1). Ge-
notypes 2a and 2b were each found once (1.5%). Twelve
(17.4%) of 69 biopsies revealed a mixture of two geno-
types: genotype la combined with 1b or 2a in 4 (5.8%)
and 1 (1.5%) of samples, respectively, and genotype 1b
combined with 2a or 2b in 2 (2.9%) and 5 (7.2%) of liver
specimens, respectively.

In 57 (82.6%) of 69 liver biopsies analysed, a mild to
moderate CAH was seen (Table 2). FEighteen cases
(26.1%) showed an advanced fibrosis and/or cirrhosis.
Lymphoid follicles were seen in 33 (47.8%), steatosis in
36 (52.2%) and bile duct lesions in 20 (29.0%) of 69 bi-
opsies.

For further analyses the samples were divided into
three groups according to the presence or absence of
genotype 1b: group A, comprised of 16 liver biopsies in-
fected by genotype la, 2a or 2b (including one mixed in-
fection) and group B, consisting of 42 liver biopsies in-
fected with genotype 1b (including 11 mixed infections).
Group C was made up of 11 samples in which no geno-
type could be established (Table 1).

A mild to moderate form of CAH was present in 16
(100%) and 34 (80.9%) of 42 liver biopsies in group A
and B, respectively (Table 2). In addition, group B re-
vealed 2 (4.8%) biopsies with minimal CAH and 6
(14.3%) with severe CAH. None of these differences was
statistically significant. In group C, minimal CAH was
found in 1 (9.1%), mild/moderate CAH in 7 (63.6%) and
severe CAH in 3 (27.3%) samples.

All liver biopsies in group A revealed minimal to mild
fibrosis without portal-central bridging septa (score 1 to
3), and none of the specimens in this group showed evi-
dence of advanced fibrosis (score 4 or S; Table 2). In
group B, minimal/mild fibrosis was observed in 26
(61.9%) of 42 biopsies, and 16 (38.1%) tissue samples
showed advanced fibrosis with porto-central bridging
septa and/or cirrhosis. The presence of advanced fibrosis
was significantly different between group A and B
(P=0.01). In group C, advanced fibrosis/cirrhosis was
detected in 2 (18.2%) of 11 biopsies; this finding was not
significantly different from either group A or B. Lym-
phoid follicles were found in 5 of the 16 (31.3%) biop-
sies in group A, in 24 of the 42 (57.1%) biopsies in
group B and in 4 of the 11 (36.4%) biopsies in group C.
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Table 1 Detection of HCV ge-
notypes in 69 liver biopsies.
Single (bold numbers) and

Genotype la 1b 2a 2b Total Group

mixed infections are listed and la 13 (18.8%) 18 (26.1%) A
the groups are indicated: group % i
A (genotype la, 2a or 2b, in- 1b

cluding mixed infections),

group B, hatched area (geno- 2a 1(15%) 0 1 (1.5%) A
type, 1b, including mixed infec- 2P 1 (1.5%) 1(1.5%) A
tions) and group C (nontypable)  Nontypable 11(159%) C

Table 2 Patient data and histological characteristics of liver biopsies infected with different genotypes

Total Group A Group B Group C
(n=69) (genotype 1a, 2a or genotype 1b, n=42) (nontypable, n=11)
2b, n=16)
Age (years) of patients 395 34.52 42.72 342
(range) (18-71) (26-51) (18-71) (21-58)
Female/male 33/36 4/12 22/20 4/7
Acitivity of hepatitis
CAH minimal 3 (4.4%) 0 2 (4.8%) 1(9.1%)
CAH mild/moderate 57 (82.6%) 16 (100%) 34 (80.9%) 7 (63.6%)
CAH severe 9 (13.0%) 0 6 (14.3%) 3(27.3%)
Fibrosis
Minimal/mild 51 (73.9%) 16 (100%) 26 (61.9%) 9 (81.8%)
Advanced 18 /26.1%) op 160 (38.1%) 2 (18.2%)
Lymphoid follicles 33 (47.8%) 5(31.3%) 24 (57.1%) 4 (36.4%)
Steatosis 36 (52.2%) 6 (37.5%) 22 (52.4%) 8 (72.7%)
Bile duct lesion 20 (29.0%) 3 (18.8%) 13 (30.9%) 4 (36.4%)

a The mean age of patients in group A was significantly lower than the age in group B (P=0.038)
b Advanced fibrosis was seen significantly more often in patients of group B than in group A patients (P=0.01)

Steatosis was observed in 6 of 16 (37.5%) in group A, 22

of 42 (52.4%) in group B and 8 of 11 (72.7%) biopsies in

group C. Bile duct lesions appeared in 3 (18.8%), 13 70

(30.9%) and 4 (36.4%) liver biopsies of groups A, B and

C, respectively (Table 2). None of these differences be-

tween the study groups was statistically significant. 60
The mean age of patients was significantly higher in

group B than in group A (42.7 vs 34.5 years; P=0.038§;

(Fig. 2). No significant difference was seen with respect

to the age of the patients in these two groups compared & o

with group C. The mean age of patients with advanced <

fibrosis/cirrhosis was much higher than that of those

with a low fibrosis score within group B (51.1 vs 37.6

years; P=0.0025) and of all patients with low fibrosis 30

scores in groups A and B (51.1 vs 36.4 years; P=0.004;
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Fig. 2 Age of patients in different groups of genotypes: In group 20
B, open diamonds indicate patients with low fibrosis score, and

closed diamonds indicate patients with advanced fibrosis/cirrhosis.

*The mean age of patients was significantly higher in group B 10
than in group A (42.7 vs 34.5; P=0.038). **The mean age of pa-

tients with advanced fibrosis/citrhosis was significantly higher A
than the mean age of all patients in which a genotype has been es-

tablished (51.1 vs 36.4; P=0.004)
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Fig. 2). No difference was seen in the mean age of pa-
tients with low fibrosis scores between groups A and B
(34.5 vs 37.6 years; P>0.05). In a stepwise logistic re-
gression analysis, both the age of patients and infection
by genotype 1b (group B) were independently associated
with advanced fibrosis (P=0.006 and 0.0027, respective-
ly). No differences were detected with respect to the sex
of the patients within the three groups analysed (Table
2).

Discussion

In this study we have shown that HCV genotyping by
PCR, using type-specific oligonucleotide primers, can be
applied directly to needle liver biopsies. Using the oligo-
nucleotide primers of the highly conserved 5’-untranslat-
ed region and the less highly conserved core region, the
sensitivity for detecting HCV RNA in frozen liver tissue
was 94.2%, similar to the sensitivity reported previously
[18, 38]. In our population, genotypes la and 1b were
the predominant genotypes, comprising 26.1% and
60.8%, respectively, of all genotypes analysed, including
mixed infections (Table 1). Similar results have been ob-
tained by two Italian groups who examined sera of pa-
tients with chronic hepatitis C [33, 36]. In contrast, gen-
otype la is very rare in Japan, while in North America
genotype 1a has been reported to be predominant or of
similar prevalence to genotype 1b [2, 12, 23, 40].

Although widely used, the specificity in detecting
genotype 1b by the typing assay using type-specific
primers of the core region has recently been challenged
[23]. However, only one of the additional tests used in
this paper was able to discriminate genotype la and 1b
and mixed infections at the same time. Furthermore, Fe-
ray et al. found a high concordance of the specific nested
PCR and the line probe assay for the detection of geno-
type 1b, and only some discordance in non-1b geno-
types, which would not alter the results of our study
{14]. In a very recent study the high concordance be-
tween these two tests was confirmed [17]. We were able
to reanalyse 9 of the 11 samples of group C by the line
probe assay and found HCV genotype 3a in 7 (77.8%)
and 4ain 1 (11.1%) samples (data not shown), indicating
that group C indeed includes other genotypes not detect-
ed by the type-specific PCR assay.

Several authors have claimed that the viral genotype
is predicitive of the efficacy of IFN-o therapy. Genotype
1b has been associated with a lower therapeutic response
rate [7, 27, 41, 42, 44]; an association between serum
concentration of viral RNA and the histological activity
index has been reported for genotype 1b but not for ge-
notypes 2a and 2b [25]. Moreover, genotype 1b has been
associated with a higher level of viral RNA in the serum,
indicating that genotype 1b may be associated with an
increased virus load and therefore show a more aggres-
sive course as well as a decreased susceptibility to antivi-
ral treatment [27, 30, 42]. We therefore divided the sam-
ples into three groups according to the presence of geno-

type 1b. On analysing the grade (activity) and stage (fi-
brosis/cirrhosis) of chronic hepatitis separately, as re-
cently suggested [10], we found a higher degree of fibro-
sis/citrhosis in group B (biopsies infected with genotype
1b) than in group A. Activity of chronic hepatitis, how-
ever, was not different between these two groups.

Recently, Nousbaum et al. showed an increased inci-
dence of genotype 1b in patients with cirrhosis, whereas
other investigators have not reported an association be-
tween fibrosis/cirrhosis and the genotype [28, 30, 41].
One report records increased necroinflammatory activity
in patients infected by genotype 2 without advanced fi-
brosis; however this work did not distinguish between
genotypes la and 1b [23]. Furthermore, it is important to
note that many of these studies have been performed in
Japan, where genotype la is very rare [21, 27, 42]. In our
material, however, genotype la was the prevailing viral
strain in the group of non-type-1b genotypes.

Other studies have not reported an association be-
tween genotypes and progression of disease, but have
noted an association of viral load in the serum with ad-
vanced liver disease [29, 42, 43]. Although the reason for
this difference is not fully understood, the fact that geno-
type la is almost absent in Japan may explain at least in
part some of these differences, thus indicating that geno-
type la may be associated with a low risk of developing
advanced liver fibrosis.

In our study, the mean age of patients in group B is
significantly higher than that in group A (Fig. 2), sug-
gesting that the more advanced stage of fibrosis in group
B might merely reflect the longer duration of the disease.
However, the lack of patients with higher scores for fi-
brosis within group A cannot be completely explained.
One might therefore speculate that the genotype 1b pro-
motes progression of liver disease, whereas in patients
infected with genotype 1a, 2a and 2b the course of dis-
ease would be less dramatic, so that these patients would
present less frequently with symptomatic liver disease at
a higher age. In this context it is noteworthy that cases of
severe inflammatory activity are also lacking in group A,
although this difference does not reach statistical signifi-
cance. In addition, there was no difference in the mean
age of patients with a low fibrosis score within groups A
and B, indicating no difference with respect to the age at
infection. Finally, statistical analysis reveals that both the
age of patients and infection by genotype 1b (group B)
were each independently associated with advanced fibro-
sis.

With respect to the histological features associated
with HCV infection, no differences were seen among the
three groups, although lymphoid follicles were slightly
more frequent in liver specimens infected with genotype
1b. However, this finding was not statistically significant.
Thus, we could not find any evidence for association of
one or several characteristic histological features de-
scribed for hepatitis C with a specific genotype.

In summary, patients infected by HCV genotype 1b
have an increased risk of developing fibrosis and cirrho-
sis. Conversely, patients infected with other genotypes,



especially genotype la, may be at lower risk of develop-
ing end-stage liver disease.
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