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Influence of Viral Genotype and Level of Viremia on the Severity of Liver 
Injury and the Response to Interferon Therapy in Spanish Patients with 
Chronic C Infection 

I. I.'kKNANDEZ. ( i ,  ('ASI'ELLANO. M.  J .  DOMINGO, A. FUERTES. F. COLINA. F. CANGA, 
I '  I .  IE L.,\ CCIJZ. A. c;. t)t: LA CAMAKA & J.  A. SOLIS 
l k p t .  of ( ; ; r~ i rocnlcro lo~~.  Dept of Microbiology, Dept. of Piithology, and Unit of Epidemiology, 
i)occ clc Octuhrc lfo.;pilal. Madrid. Spain 

E'crnindcz I, Castellario G, Domingo MJ, Fuertex A, Colina F ,  Canga F, dc la Crux FJ, de la <';lm;ira AG. 
Solis J A .  Influence of viral genotype and level of vircmia on ihe severity of liver iiijurb and thc rc\ponw 
to interferon therapy in  Spanish patients with chronic C infec:.ion. S a n d  .I G;istrocntcrol IW7:32:70-76. 

H u ( ~ X g ~ - ~ u n d :  We wanted to investigate thc influence of viral genotype on the severity o l  liver injury a r i d  
rcsponsc to interferon and whether the level of viremia differs in accordancr with gcnotypc. severity ( 1 1  
liver divxise, and response to interferon in patients with hepalitis C virus (HCV) infection. Mvthorh: Wc 
sludied 118 patients with HCV-related liver disease. HCV genotypes were determined with ii line probe 

iy. ;ind Serum HCV RNA levels with B competitive reverse transcriptiori polymerase chain re:iction 
assay. Kr.sulr.\: HCV type l b  was the most prevalent genotype (88%). It  was present i n  100% of cirrhotic 
pnticnts. with or without hepatocellular carcinoma (HCC), but only in 78% of patients with chronic 
hepatitis (I' < 0.UOl). The response to interferon was better in patietits infccted with ncin-lh tiCV 
genotypes ( P  = 0.002). In it multivariate analysis non-lb HCV genotypes a n d  B lo\v hepatic Iihrosi\ 
correlatcd with a favorable response to interferon. Among patients with chronic hepatitis those inlectecl 
with HCY type l b  were older ( P  < O.OOl), and age was the only independent factor associated with HC'V 
type l b .  Viremia levels differed neither between genotypes nor in responsc to interferon and wa\ 
significantly lower in patients with cirrhosis and HCC. Coiiclct.riorisr HCV l h  w;h associated with more 
swcrc liver disease and a worse response to interferon thelapy. Non-lh genotypes and i i  l o w w  liver 
fibrosis were the only independent predictors of a favorable response to interferon. 1,cvels of HCV 
viremia differed neither among different genotypes nor  in  response to inkrfcron anti t1ecre;tsctl with 
advanced liver disease. 

Kcy M Y J ~ ~ S :  Chronic hepatitis C; hepatitis C virus; hepatitis C virus genotype: interferon therapy: vircmia 

Itimuculudu Fcmhndi'z, M.D., Ph.D., Seuvicio de Apuruto Dijystivo, Hosp i td  '1)oc.c~ tlc Oc.r1rhrc~', C'tru. 
Aiiduluciu Kni 5,4, 15-28041 Mudrid, Spain (fax: +.14 91-39083.58) 

IIepatitia C' virus ( H C V J  infection has been shown to be the 
ciitisc ou most ciises of' non-A. non-B hepatitis (1). Some 
ixiticiith with chroiiic IK'V infection progress slowly to 
cii-rhosia ; i i d  hepak)cellular carcinoma (2, 3). Because the 
nio\t ser ious consequences of H C V  infection may not become 
;ipparcnt f o r  maiiy years, it is important to identify those 
pticnls inlccted with HCV who are at greatest risk for 
puigrcssivc liver disease and who may benefit most from 
carly treatment with iiiterfcron (IFN) therapy. 

Since t l ie  discovery of H C V ,  nucleotide sequence analyses 
ill ruany \iraiiis of the viral RNA have shown substantial 
vx i i ih i l i t y  iimong the different isolates (4, 5). These varia- 
Iiom fall  into ;I aeries of' specific patterns, which have been 
cl;raaitiecl into several genotypes (6-8). The clinicopathologic 

otypes is currently the subject of 
cnt reports have suggested an 
genotypes and a more severe livcr 
c k  of response to IFN treatment 

( 1  I .  12). 11 h:is also hecn susgcstcd that the level of viral 
wpiicii1ioii in  t 1C.V infection might correlate with the 

response to IFN therapy (13). Howevcr .  i t  is still unclear 
whether thc level of H C V  viremia wries with the severity of 
liver disease and with the specific € 1 0  genotype. 

In the present study w e  have analyzcd the virologic 
variables, clinical manifestations, histologic severity of liver 
disease, and response to IFN therapy in a group of 118 
Spanish patients with type-C chronic liver disease. T h e  aims 
were to investigate 1 )  whether some specific l lCV genotypes 
lead to a more severe liver injury and to a low response to 
IFN-a treatment; 2) the relationship between HCV genotypes 
and the level of viral replication; and 3 )  whether the ;iniount 
of HCV RNA in serum differs with the wvcr i ty  of liver 
disease and the response to IFN. 

PATIENTS AND METHODS 

Patients 
We prospectively studied 118 patients with 1 ~ p e - C  chronic 

liver disease w h o  were  referred to our  hospital between 
Jmuary 19YZ and December 1994 aiid fulfillcd the inclusion 
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Table 1. Clinical characteristics and virologic features of patients on the basis of stage of chronic hepatitis C virus (HCV) infection 

HCC and cirrhosis Cirrhosis Chronic hepatitis 
Feature (n  = 29) ( n  = 26) ( n  = 63) 

Scx 
Male 
Femalc 

Age (years) 
Epidemiologic risk 

Transfusion 
IVDU 
Unknown 

ASAT, U/l 
ALAT, U/l 
HCV genotype 

l a  
Ih 
3 
4 
Unclassified 

22 
7 

65.9 2 7.9 

7 

22 
126.5 2 82.2 
88.5 2 54.3 

- 

- 

29 
- 

- 

- 

16 
10 

63.4 2 10 

6 

20 
69.1 5 63.7 
54.2 2 36.3 

- 

- 

25 
- 
- 

1 

43 
20 

41.3 ? 11 7 

14 
3 

46 
98.7 ? 70 2 

135.6 ? 99.8 

4 
49 

7 
3 
- 

HCC = hepatocellular carcinoma; IVDU = intravenous drug use; ASAT = aspartate aminotransferase; ALAT = alaiiine arninotransfcrasc. 

criteria: biopsy-proven liver disease, detectable HCV RNA in 
serum, human immunodeficiency virus antibody negative, 
and exclusion of other forms of liver diseases (autoimmune 
hepatitis, primary biliary cirrhosis, Wilson’s disease, drug- 
induced liver disease, and negative serologic markers of 
hepatitis B virus infection, such as hepatitis B surface antigen 
(HBsAg) and anti-hepatitis B core antigen (HBc), tested by 
enzyme immunoassay (Abbott Laboratories). Patients were 
divided into three groups: group 1 consisted of 29 patients 
with histologically confirmed hepatocellular carcinoma 
(HCC) associated with liver cirrhosis; group 2 consisted of 
26 patients with liver cirrhosis and no evidence of HCC; and 
group 3 consisted of 63 patients with chronic hepatitis, who 
showed increased serum alanine aminotransferase (ALAT) 
levels for more than 6 months. Chronic hepatitis was scored 
on the basis of the histologic activity index described by 
Knodell et al. (14). Periportal necrosis, intralobular inflam- 
mation, and portal inflammation were analyzed as a ‘necro- 
inflammatory index’, and hepatic fibrosis was compared 
separately. Thirty patients (25%) had identifiable risk factors 
for acquiring HCV infection: 27 patients had received blood 
transfusions, and 3 patients had been intravenous drugs 
abusers. In the other 88 patients no apparent source of HCV 
infection could be identified. 

Recombinant IFN-a-2b (Intron A, Schering-Plough) was 
administered to 5 1 of the 63 consecutive patients with chronic 
hepatitis, at a dose of 5 MU subcutaneously 3 times weekly 
for 12 months. Twelve patients refused to receive antiviral 
therapy. All patients had persistently increased serum ALAT 
levels (more than 1.5 times the upper limit of the normal 
range). Patients were monitored for serum levels of ALAT 
and aspartate aminotransferase (ASAT), total protein, albu- 
min, and bilirubin, and erythrocyte, leukocyte, and thrombo- 
cyte counts. The patients were divided into two groups o n  the 
basis of the response to IFN therapy: 26 patients were 

considered responders to IFN because ALAT levels returned 
to normal after therapy, and 25 patients were considered 
nonresponders because their ALAT levels did not return to 
normal by the end of IFN. 

Methods 
Serologic tests. All patients had anti-HCV antibodies as 

detected by a second-generation enzyme immunoassay (EIA 
11) (Ortho, Raritan, N.J., USA). 

AmpliJicution of HCV by polymerase chain reaction and 
genotyping. The serum samples were rapidly separated, 
aliquoted, and stored at -70 C until analyzed. HCV RNA 
was detected by reverse transcription polymerase chain 
reaction (RT-PCR) in duplicate, in accordance with the 
manufacturer’s instructions (Amplicor-HCV Test, Roche, 
Nutley, N.J., USA), using conserved biotinylated primers 
localized in the 5‘ noncoding region of the viral genome. The 
amplified product was hybridized with a specific nucleic acid 
probe and was detected by color formation. 

HCV genotypes were determined in all patients with a line 
probe assay (LiPA), which is based on type-specific sequence 
variations in the 5’ untranslated region. LiPA analysis enables 
differentiation of subtypes of types 1 and 2 into types la, l b  
and 2a, 2b, respectively. Others types defined in our study 
included types 3 and 4. The LiPA assay was performed in 
accordance with the manufacturer’s instructions (Innogenet- 
ics, Zwijnaarde, Belgium). 

Q~iuntitative delection of’ seriini HCV KMA. Levels vf 
circulating HCV RNA were measured in 82 patients from 
whom serum specimens were available, using a competitive 
RT-PCR assay amplified in the 5’ noncoding region 
(Amplicor HCV Monitor, Roche). This competitive assay 
combines RT and PCR and is based on coamplification of the 
target RNA with known amounts of synthetic mutated RNA. 
The detection limit of this test is lo3 to lo7 copies HCV/ml. 



Table 11. Cornparisoil of clinicopathologic and virologic features of 51 patients with chronic hepatitis according t o  their rcsponse to 
interferon-i. 

Characteristics Responders (n  = 26) Nonresponders (n = 25) Statistical analysis ( P )  

Maleifemale 
Age (years) 
Epidemiologic risk 

Parentcral 
I J  nknow n 

ASAT. Uil 

Histologic scores 
A i m - ,  UA 

Necroinflamrnatory 
Hepatic fibrosis 

Ib  
FK’V genotypes 

Nan-1 b 
Viremia level (copies/ml x 10’) 

See Table I for definition of abbreviations. 

17:9 
39.7 2 8.4 

10 
16 

78.4 ? 45.6 
147.2 ? 98 

7.8 
1.68 

16 (41%) 

12.2 ? 8.5 
10 (83%) 

17:8 
46.5 ? 9.6 

4 
21 

109 2 66.8 
187.3 ? 86.4 

9.0 
2.45 

23 (59%) 
2 (17%) 

17.3 2 6.8 

>0.05 
0.03 

’> 0.05 

>0.05 
>O.OS 

0.0 I 

0 002 
o . m  

> 0.05 

Staiisticu 1 m a  lysis 
The chi-square test or  Fisher’s exact test was used to 

compare between-group frequencies. Where appropriate, age 
arid laboratory values were compared by means of Student’s 
test or ANOVA test. If data were not normally distributed, 
Wilcoxon’s signed rank test and Wilcoxon’s rank sum test 
wei-e used. lndependent factors associated with the presence 
of NCV genotype 1 h and those associated with the response to 
IFN-x therapy in patients with chronic hepatitis were studied, 
using ;I stcpwise logistic regression model. In both models the 
3’ value for entrance limit had to be less than 0.10. Univariate 
and multivariate analyses were done, using SAS statistical 
software (SAS Institute Inc, Cary, N.C., USA). The level of 
significance for all tests was P < 0.05. 

KESUI .TS 

P i  PI uiiw e of HC‘V genotype7 
Among I 18 patients studied, the commonest genotype was 

H(’V lb  (8X%), whereas type 3 was found in 6%, type l a  in 
3(+,  and type 4 in 3% of patients (Table I). None was infected 
wi th  3a  01 2b genotypes Coinfection with two distinct HCV 

genotypes was not observed in our study. HCV genotype 
could not be determined in one patient with cirrhosis, $0 he 
was excluded from further clinicopathologic analysis. 

Because the number of patients infected with genotypes la ,  
3 and 4 was too small to enable a relevant statistical analysis, 
these three groups were combined (non-lb HCV types), and 
data were compared with those in patients infected with HCV 
type Ib. 

HCV genotypes and severity of liver diseuse 
HCV type l b  was found more frequently in patients with 

severe liver disease (Table I): all patients (54 of 54) with 
cirrhosis, with or without associated HCC, were infected with 
HCV type I b, whereas type l b  was detected in only 40 of 63 
(78%) patients with chronic hepatitis ( P  = 0.00001). Further- 
more, infection with IICV Ib was associated with a 32-fold 
increase in the probability of having liver cirrhosis, with or  
without hepatocellular carcinoma associated. compared with 
infection by other genotypes. 

HCV genotypes and response to IFN-r therupj 
Among the 63 patients with chronic hepatitis, 51 received 

‘I‘iilsle 111. Clinical and pathologic variables of patients with chronic hepatitis: univariate analysis 

1b HCV genotypes Non-lb HCV genotypes 
Characteristics (n = 49) (n  = 14) Statistical analysis ( P )  

Malcifcmale 
Age (years) 
Epidemiologic risk 

Transfusion 
IVIIU 
Unknown 

ASAT, U/l 
AL.AT, U/I 
Histologic scores 
Necroinflamrnatory 
Hepatic fibrosis 
Viremia icvel (copiesim x 1 0 )  

... .______ 

Sec T a l k  I for  definition of abbreviations. 

36: 13 
4 6 2  11 

11 

38 
103.8 2 65.3 
123.3 2 95.7 

- 

8.25 

21 ? 8.5 
2.08 

7:7 
34 % 9.2 

3 
3 
8 

71 ? 15.8 
149.4 i 18.1 

7.00 
1.50 

14 ? 5.9 

> 0.05 
0.0001 
> 0.05 
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HCV-RNA 
Copies/ml x lo5  

NS 
I 8ol 70 ' 

6 0 +  
I 

40 

I I 
Genotype 1 b Genotypes non-I b 

Fig. 1. Serum hepatitis C virus (HCV) RNA concentration in 
patients with l b  and non-lb HCV genotypes. Bars indicate 
arithmetic means. NS = not significant. 

IFN-r-2b (Table 11). Twenty-six were considered responders, 
and 25 nonresponders. Responders were younger than 
nonresponders (39.7 t 8.4 years versus 46.5 ? 9.6 years; 
P = 0.03). The necroinflammatory index before IFN therapy 
was lower in responders than in nonresponders (7.8 versus 9; 
P = O.Ol) ,  and the hepatic fibrosis score was higher in 
nonresponders (2.45 versus 1.68; P = 0.005). No difference 
was seen between these two groups in sex, mode of 
transmission of infection, or mean ALAT value. 

The response to IFN-ci was more favorable in patients 
infected with non-lb HCV genotypes (10 of 12; 83%) than in 
those infected with HCV type 1b (16 of 39; 41 %) ( P  = 0.002). 
All patients with types 3 and 4 responded to IFN therapy. 

Clinical and pathologic features of patients with chronic 
hepatitis infected with different HCV genotypes 

As shown in Table 111, patients with chronic hepatitis 
infected with HCV l b  genotype were older than the others. 
There were no significant differences in the mode of 
acquisition of HCV infection between patients with HCV 
genotype l b  and those infected by other genotypes. However, 
type I b  was often seen in patients who had had transfusions 
(11 of 14; 79%), and the three patients who had used 
intravenous drugs were infected with HCV non-lb genotypes. 
Similarly, we found no relationship between the genotype and 
serum ALAT and ASAT levels. 

fibrosis between type l b  (2.08) and the other types (1.5) 
(P = 0.06). 

Quantification of serum HCV RNA 
The mean titer of HCV RNA did not differ significantly 

between patients infected with HCV type l b  and those 
infected with other HCV genotypes (13.5 x lo5 5 12.4 x 10' 
copies/ml; n = 68, compared with 13.9 x lo' 2 13.2 x 10' 
copies/ml; n = 14; P = 0.95) (Fig. 1). When the amounts of 
HCV RNA were estimated among patients with chronic 
hepatitis, there were also no differences between HCV type 
l b  and non-lb genotypes. 

The mean titer of HCV RNA in patients with hepatocellular 
carcinoma was significantly lower than that in patients with 
chronic hepatitis (4.7 x 10' ? 6.7 x lo5 copiedml; n = 24, 
compared with 18.7 x lo' ? 12.4 x 10' copies/ml; n = 37; 
P = 0.01) (Fig. 2). Although the mean value of viremia in 
patients with cirrhosis (12.8 x 10' t 17.8 x lo' copiesiml; 
n = 21) was lower than that of patients with chronic hepatitis 
and higher than that of those with HCC, these differences 
were not statistically significant. 

Serum levels of HCV RNA were measured in 26 patients 
who received IFN-x-2b therapy, 14 responders and 12 
nonresponders. We have not found significant differences 
between these groups in the level of HCV viremia before 
treatment (12.2 x lo5 t 11.7 x 10' copies/ml, compared 
with 17.3 x lo5 2 13.2 x 10' copiesiml; P = 0.4). 

HCV-RNA 
P= 0.01 Copiedml x lo5 

I I  NS NS ' 
70 . 
6o t . . 
50 t 
40 t 

I I 

Scores for periportal necrosis and intralobular and portal Hepatocellular Liver Cirrhosis Chronic 
inflammation (necroinflammatory index) did not differ Carcinoma Hepatitis 

significantly among patients with HCV genotype l b  (8.25) 
and those with non-lb HCV types (7.0) ( p  = 0.06). Similarly, 
we noted no significant difference with regard to hepatic 

Fig. 2. Viremia levels in patients with hepatocellular carcinoma, 
liver cirrhosis, and chronic hepatitis. Bars indicate arithmetic means. 
NS = not significant; HCV = hepatitis C virus. 



I'ahle IV. b'actors ;txsociatcd with hepatitis C virus (HCV) genotypc 
aiid with rc\ponsc to interferon-2 in patients with chronic hepatitis: 
niuliivitriatc analpsi\ 

Variable Odds ratio (95% CI)." 

Ahsociatioil with genotype I I> 

Associalioii with response lo interferon 
Age 1 . 1  (I to 1.2) 

Non- Ih H W  genotypes 5.4 (0.97 to 30) 
Hepatic t ih i s i s  sc( Ire 0.4 (0.2 to 0.9) 

( ' I  = confidence interv'il 

Md/i\urYo~c m a 1 j ~ s i . s  
Apc. hepatic fibrosis :score, necroinflammatory index, and 

lcvcl of virernia i n  patients with chronic hepatitis were 
selectcd :is independent variables in a logistic regression 
analysis with HCV genotype as the dependent variable. As 
shown in  'r'able IV, ag,e was the only independent factor 
associated with HCV typc Ib. 

With regard to independent factors associated with the 
response to 1FN-m-Zb therapy, non-lb HCV genotypes and a 
low hepatic fibrosis score correlated with a favorable response 
to the treatment. Because few samples were tested, circulating 
levels of HC'V RNA were not included in the analysis. 

DISC'IJSSION 

Our present investigation establishes the high prevalence 
(88%) of HCV typc 1 b among Spanish patients with type-C 
chronic liver disease. HCV genotype I b  has also been found 
t ~ i  be the predominant genotype in France, Italy, and Japan 
(IS,  16). Infection with more than one genotype ('mixed 
infections') was not observed in our population, which is in 
accordance with previous reports ( I  7, 18). 

H(.'V type 1 b was even more prevalent among patients with 
severe liver disease. Similar results were reported by 
Noushaum et al. ( I S )  in Italian and French patients with 
chronic livcr diseases. Takada et al. (9) in Japan found an 
increased frequency of HCV type 11 (1b) infection in patients 
with hepatocellular carcinoma. Moreover, the seven Spanish 
patients with cirrhosis and HCC included in this study were 
d s o  infected with HCV type I1 (lb). However, some authors 
have found that patients with type-2 HCV were more likely to 
have severe liver disease (12, 17). Other authors have not 
found significant differences in the distribution of any HCV 
type at any disease stage (19). 

Our findings suggest that HCV type Ib exerts a distinct and 
inure severe cytopathogenic effect than the rest of the 
genotypes. However, we also observed an independent 

ociation between HCV type l b  infection and older age. 
In contrast, non- 1 b genotypes were most often identified in 
young patients. It is therefore possible that HCV non-lb types 
might also lead to more severe liver disease because a long 
time is required for the development of cirrhosis and 
hepatocell ular carcinoma. Recent reports have shown ge- 
nomic mutations of HCV during the course of infection, 

particularly in the hypervariable E l  and E2 envelope 
encoding regions (20). Changes in the El  and E2 genes alter 
the antigenicity of the virus, to enable 'immune escape' from 
neutralizing antibodies. It is possible that this mechanism has 
selected HCV type Ib to be the genotypc most 'rcsistant' to 
the host immune response. 

Both serum HCV RNA levels and HCV genotypes have 
been reported to predict the coniplele and sustained response 
to 1FN therapy (1 1, 13, 15,21-23). Previous reports have also 
shown that IFN therapy was less effective in patients with 
advanced liver fibrosis (24,25). I n  our study serum HCV 
RNA levels were similar in responders and nonresponders to 
IFN, but because few cases were tested, this variable was not 
included in the multivariate analysis. In this rnultivariable 
regression analysis [:he only independent predictors of 
complete response to 1FN were HCV genotype and liver 
fibrosis score. The infection with non-lb genotypes was 
associated with an increased chance of response to therapy. 
Thus, type-lb patients were more likely to be resistant to IFN 
therapy. Indeed, recent investigations determined that IICV 
genotype was the most important factor for predicting 1FN 
response (26,27). Matsumoto et al. (22) observed that the 
response to IFN was significantly higher in patients with 
genotypes III (2a) and IV (2b) than in those with genotype I1 
(lb), even when patients with HCV RNA concentrations 
lower than 10' copies/ml were analyzed. These findings may 
suggest that the difference in response to IFN between 
genotypes is not simply due to a difference i n  HCV RNA 
concentration. Why HCV genotype would influence the 
susceptibility to IFN remains to be determined. It may be that 
the degree of heterogeneity in the hypervariable region within 
HCV E2/NS1 glycoprotein may affect the response to IFN 
and be closely associated with genotype (28). 

We could not find any significant correlation between HCV 
genotypes and specific routes of transmission. Recent studies 
have shown that genotypes l a  and 3 are almost exclusively 
detected in patients with a history of intravenous drug abuse 
(29), and HCV type l b  is frequently found i n  patients 
receiving hemodialysis or renal transplants (30). 

The relationship between genotype, level of HCV viremia, 
and the severity of liver disease remains unclear. We found n o  
significant differences in the amount of serum HCV RNA 
between patients with genotype l h  and those with other 
genotypes. This finding agrees with previous reports (IS, 26), 
although in other studies (11, 12) HCV type 2 was associated 
with lower levels of viremia than type 1. We observed that the 
mean titer of HCV RNA of patients with HCC associated with 
cirrhosis was significantly lower than that of patients with 
chronic hepatitis. The level of HCV viremia was lower in 
patients with cirrhosis than in patients with chronic hepatitis 
and higher than in patients with HCC, but the difference was 
not significant. Recent investigations of the relationship 
between the level of viral replication in chronic HCV 
infection and the stage of liver injury offer contradictory 
results (15,31-33). Our study suggests that replication of 
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HCV occurs even in advanced stages of liver disease, 
although it seems to decrease with time. 

In summary, HCV type l b  was, by far, the most 
predominant genotype in Spanish patients with chronic C 
infection. It was associated with more severe liver disease and 
a worse response to IFN therapy. Non-lb genotype and a 
lower liver fibrosis score were the only independent 
predictors of response to IFN treatment. No differences in 
HCV viremia levels were found among different HCV 
genotypes. However, viral load decreased in advanced liver 
disease. Levels of HCV viremia have been shown not to differ 
significantly between those patients who responded to IFN 
therapy and those who did not. 
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