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Abstract
AIM: To investigate the association between interleu-
kin-28B  (IL28B ) genotype and response to treatment 
and hepatic fibrosis in patients with hepatitis C virus 
(HCV) genotype 4.

METHODS: Two hundred and one HCV-genotype 4 
patients were included. All patients were treated with 
Peginterferon alph2a/Ribavirin for 48 wk. End of treat-
ment response (ETR) was defined as loss of detectable 
serum HCV RNA at the end of treatment. Sustained 
viral response (SVR) was defined as loss of detectable 
serum HCV RNA at the end of 24 wk follow up. Geno-
typing of IL28B  rs12979860 was performed using the 
TaqMan assay. We used logistic regression to estimate 

the adjusted odds ratio (aOR) and 95%CI.

RESULTS: The study included 201 HCV-genotype 4 
patients. The majority of patients were men (89.6%), 
with a median age of 47 years, inter-quartile range 
(40-51). Approximately 62.5% of patients had ETR, 
and 49.6% had SVR. Individuals who achieved SVR 
were more likely to be younger (χ 2 = 4.91, P  = 0.027), 
and less likely to have fibrosis (χ 2 = 15.54, P < 0.0001), 
or inflammation (χ 2 = 7.58, P  = 0.006). The genotype 
distribution of rs12979860 was 36.2%, 49.0% and 
14.8% for genotypes CC, CT, and TT, respectively. In 
these participants, rs12979860 genotype distribution 
did not differ by gender (P  = 0.466), pretreatment viral 
load (P  = 0.600), inflammation (P  = 0.435), or fibro-
sis (P  = 0.291). The frequencies of IL28B  rs12979860 
genotypes were TT (14.8%), CT (49.0%), and CC 
(36.2%). Compared to rs12979860 genotype TT, aORs 
(95%CI) for ETR and SVR were: CC genotype, [17.55 
(5.34-57.69) and 5.92 (2.09-16.76), respectively]; CT 
genotype, [5.15 (1.80-14.78) and 2.48 (0.94-6.52), 
respectively]. In the current study, the patients who 
did not achieve ETR or SVR had a lower prevalence of 
rs12979860 CC (17.4% and 23.3%, respectively) than 
individuals who had ETR or SVR (47.9% and 47.2%, 
respectively). Individuals with rs12979860 CC genotype 
had approximately 6 times the odds of SVR compared 
to individuals with TT  genotype (aOR = 5.92; 95%CI: 
2.09-16.76). Similarly, patients with CT  genotype had 
SVR more often than patients with TT  genotype (aOR 
= 2.48; 95%CI: 0.94-6.52). Carrying at least one 
copy of the C allele (genotypes CT  and CC ) had al-
most 8 times the probability of ETR compared to those 
with genotype rs12979860 TT  (aOR = 7.87; 95%CI: 
2.84-21.82), and approximately 3 times the odds of 
SVR compared to those with genotype rs12979860 TT  
(aOR = 3.46; 95%CI: 1.37-8.74). In addition, data 
were consistent with a significant gene-dose relation-
ship (aOR = 4.05/allele; 95%CI: 2.27-7.22). The as-
sociation between rs12979860 genotype and SVR was 
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similar among those who achieved and those who did 
not achieve SVR.

CONCLUSION: In HCV-genotype 4 patients, rs12979860 
is a sensitive predictor of viral clearance, independent 
of viral load, age, gender or fibrosis, with no similar re-
lation to severity of fibrosis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatitis C virus genotype 4 (HCV-G4) is the most com-
mon type of  HCV in the Middle East and Africa, par-
ticularly in Egypt, which has the highest prevalence of  
HCV worldwide (15%), and HCV-G4 represents 90% of  
all HCV cases[1]. Despite the development of  new direct 
antiviral agents such as protease inhibitors, which have 
improved response in HCV genotypes[1,2], unfortunately 
G4 has emerged as a resistant genotype to new treatment 
strategies. This raises the importance, both for patient care 
and the economic approach, of  improving the prediction 
of  response to standard pegylated interferon alfa (PEG-
IFN) and ribavirin therapy.

Although the mechanisms leading to clearance of  
acute HCV infection are not completely understood, 
both innate and adaptive immune responses have been 
suggested to play crucial roles in viral eradication and re-
sponse to treatment[3]. Besides immune responses, other 
host factors have also been associated with treatment-
induced viral clearance. Higher rates of  viral resolution 
have been reported in women compared with men; 
however, other factors such as age, race, or route of  
transmission were not significantly associated with viral 
resolution[4].

Recently, another host factor, a genetic variation in 
the interleukin-28B (IL28B) gene, was found to predict 
spontaneous clearance of  HCV infection[5]. A single 
nucleotide polymorphism (SNP) rs12979860 located 3 
kb upstream of  IL28B, the gene that encodes IFN-λ3, 
has been strongly associated with resolution of  HCV 
infection[6]. Patients with C/C genotype were more likely 

to eradicate HCV than those with T/T genotype[7,8]
. The 

same SNP has also been associated with treatment-in-
duced viral clearance[9,10]. Patients with the C/C genotype 
were twice as likely to achieve an sustained viral response 
(SVR) compared to patients with other IL28B SNP geno-
types[6]. These findings jointly suggest a role for IFN-λ in 
the innate control of  HCV. Of  note, the T/T genotype 
was shown to be more common among those with Afri-
can ancestry[5]. 

However, the association between IL28B genotype 
and response to treatment among individuals infected 
with HCV-G4 still needs further investigation among the 
ethnic group living in the Middle East. Therefore, we 
conducted the present study to assess the extent of  the 
association between IL28B genotype and response to 
treatment in HCV-G4 and severity of  liver fibrosis.

MATERIALS AND METHODS
Subjects
The study included 201 Egyptian patients with chronic 
HCV genotype-4 who were followed in the Hamad 
Medical Corporation outpatient clinic in the State of  Qa-
tar. Patients received HCV treatment between 2007 and 
2010. This was a retrospective-prospective cohort study 
in which all patients who were treated between 2007 and 
2010 and had finished their follow up to week 72 were 
invited to participate (retrospective aspect). In addition, 
all patients who were currently on treatment and had not 
completed 72 wk of  follow up (thus their outcome was 
not known yet) were invited to participate in the study 
(prospective aspect) and were followed until week 72 to 
determine their outcome.

All patients provided written informed consent in ac-
cordance with the Declaration of  Helsinki of  1979, and 
the ethics research committee of  the Hamad Medical 
Corporation provided ethical approval.

Chronic HCV infection was diagnosed by a sustained 
increase in alanine aminotransferase (ALT), positive 
anti-HCV serology and active virus replication shown 
by the detection of  HCV-RNA and histological pattern 
of  chronic active hepatitis. Patients were excluded from 
treatment if  they had: active alcohol consumption over 
80 g/d, concurrent hepatic B virus, immunodeficiency 
viruses, autoimmune hepatitis, hemochromatosis, Wilson 
disease, or were on antiviral or corticosteroid therapy.

All patients were treated with 180 μg of  Peginterfer-
on-2a (Pegasys®, Hoffmann-La Roche, Basel, Switzer-
land) subcutaneously once weekly and Ribavirin (COPE-
GUS®; Hoffmann-La Roche) 1000 mg (body weight ≤ 
75 kg) or 1200 mg (body weight ≥ 75 mg) orally for 48 
wk. End of  treatment response (ETR) was defined as 
loss of  detectable serum HCV RNA at the end of  treat-
ment (48 wk). SVR was defined as loss of  detectable se-
rum HCV RNA at the end of  follow up (72 wk). 

Laboratory assays
Viral assays: Testing for anti-HCV was carried out us-
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ing a commercial ELISA kit (Axsym 3.0; Abbott Labo-
ratories, Chicago, IL, United States). All patients were 
HCV-G4 as detected by the Inno-LiPA HCV Ⅱ assay 
(Innogenetics Inc., Alpharetta, GA, United States). Se-
rum HCV RNA level monitoring was by Amplicor (ver-
sion 2.0; Hoffmann-La Roche) with a minimum detection 
limit of  50 IU/mL.

Liver histology: The necro-inflammatory and fibrosis 
scores were assigned based on the Scheuer scoring sys-
tem from 0 to 4. The patients were further subdivided 
into mild fibrosis (stages Ⅰ and Ⅱ) and severe fibrosis 
(stages Ⅲ and Ⅳ).

IL28B genotype assay: Genomic DNA was extracted 
from EDTA whole-blood samples using the QiaAmp 
DNA Blood Mini Kit # 51166 (Qiagen GmbH, Hilden, 
Germany). DNA concentration was measured using a 
Nanodrop Spectrophotometer to assess the quantity 
of  the product. Polymorphisms of  the studied SNP 
were carried out by the 5’ nuclease assay using the Taq-
Man MGB probe. The reaction was performed using an 
ABI 7500 (Applied Biosystems, Foster City, CA, United 
States) in the Biomedical Labs-Health Sciences Depart-
ment at Qatar University, Doha, Qatar. The primers and 
the TaqMan MGB probes of  the SNP were provided by 
the Custom assay-on demandTM service (Applied Biosys-
tems). The 5’ nuclease assay was performed using 10-30 
ng genomic DNA, 1 × TaqMan Universal polymerase 
chain reaction Master Mix (Applied Biosystems), and 1 × 
primer/probe mix using the correct conditions for am-
plifications according to the manufacturer’s instructions. 
Negative controls as well as non-template controls were 
included in each run.

Statistical analysis
In the bivariate analyses we used the χ 2 test for categori-
cal variables and ANOVA for continuous variables to 
compare the relevant characteristics by treatment re-
sponse status. We conducted multivariable logistic regres-
sion to calculate adjusted odds ratio (aOR) and 95%CI of  
the association between treatment response and IL28B 
genotype. Only variables that were significantly associ-
ated with treatment response or IL28B genotype were 
included in the multivariable models. To test whether 

the association between IL28 genotype and response to 
treatment was modified by gender, grade, viral load, in-
flammation or fibrosis, we employed logistic regression 
models with an interaction term (cross product) for IL28 
genotype and the modifier of  interest included. ORs 
were computed using the homozygous minor allele as the 
reference group. All analyses were performed using SAS 
program version 9.2 (SAS Institute, Cary, NC, United 
States). 

RESULTS
Descriptive data 
Table 1 presents the characteristics of  the study popula-
tion. The study included 201 patients. The majority of  
participants were males (89.6%). Median age was 47 years 
(inter-quartile range 40-51). We observed Rapid Virologi-
cal response (RVR), ETR, and SVR in 52.5%, 62.5% and 
54.2% of  patients, respectively. The mean, median and 
range of  viral load (log 10) over the duration of  therapy 
among responders and non-responders, were (4.9, 2.2, 
0.0-6.9 and 5.5, 3.9, 2.1-6.9) for RVR, (3.6, 1.0, 0.0-4.23 
and 6.0, 4.9, 2.5-6.5) for ETR, respectively. There was no 
difference in gender, or pretreatment HCV viral load by 
RVR, ETR or SVR status. RVR was not associated with 
age, liver inflammation or fibrosis. Those who had ETR 
were less likely to have fibrosis (χ 2 = 12.54, P < 0.001), 
or inflammation (χ 2 = 5.17, P = 0.023). Only 62.5% of  
patients had an ETR and 49.6% had SVR. There was no 
difference in gender, or pretreatment HCV viral load by 
ETR or SVR status. In addition, individuals who achieved 
SVR were more likely to be younger (χ 2 = 4.91, P = 0.027), 
and less likely to have fibrosis (χ 2 = 15.54, P < 0.0001), or 
inflammation (χ 2 = 7.58, P = 0.006). 

The genotype distribution of  rs12979860 was 36.2%, 
49.0% and 14.8% for genotypes CC, CT, and TT, re-
spectively. Among our participants, rs12979860 geno-
type distribution did not differ by gender (P = 0.466), 
pretreatment viral load (P = 0.600), inflammation (P = 
0.435), or fibrosis (P = 0.291). In our study, the patients 
who did not achieve ETR or SVR had a lower prevalence 
of  rs12979860 CC (17.4% and 23.3%, respectively) than 
individuals who had ETR or SVR (47.9% and 47.2%, 
respectively). Genotype distributions by HCV status are 
presented in Figure 1. 
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Table 1  Demographic and clinical characteristics of the study participants

End of treatment response Sustained viral response

No Yes No Yes 

Age,  median (IQR)   48.0 (40.5-53.0)   46.0 (40.0-51.0)   48.0 (43.5-53.0)   46.0 (38.0-51.0)
HCV log10 viral load, median (IQR) 5.9 (5.1-6.4) 5.5 (3.8-6.3) 5.8 (5.2-6.5) 5.4 (3.6-6.1)
Male (%) 93.1 87.5 91.3 88.1
rs12979860 (%)
   TT 30.0   5.1 23.3   7.6
   CT 52.9 47.0 53.4 45.2
   CC 17.1 47.9 23.3 47.2

HCV: Hepatitis C virus; IQR: Inter-quartile range. 
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jacent to IL28B are the most promising, host-related 
predictors of  treatment-induced clearance in HCV geno-
type-1 patients[11,12], however, in studies of  individuals 
infected with genotypes 2 and 3, the association between 
IL28B genotype and outcome is less pronounced, includ-
ing rs12979860 with treatment-induced clearance[13,14]. 
The impact of  genetic IL28B variability on viral elimina-
tion during therapy in G4 is still limited. Similar to HCV 
genotype-1, in the present study, we demonstrated that 
CC genotypes of  rs12979860 significantly determined 
SVR in patients with HCV G4. Not only that, even car-
rying at least one copy of  the C allele increased sensitivity 
to PEG-IFN/Ribavirin therapy, which was 3 times that 
of  rs12979860-negative hosts. The mechanism and expla-
nation behind the association between genetic variations 
in the IL28B gene and spontaneous clearance may be 
related to the host innate immune response. IL28B en-
codes IFN-λ3, which is involved in viral control, includ-
ing HCV. In vitro, IFN-α induces expression of  IFN-λ 
genes, which inhibit HCV replication[15]. IL28A&b and 
IL29 are three closely related cytokine genes that encode 
proteins known as type Ⅲ IFNs at chromosomal region 
19q13. The three cytokines are induced by viral infection 
and have antiviral activity. In addition, an experimental 
genetic variant regulating IL28 expression is important 
for PEG-IFN TLR-mediated antiviral protection.

HCV treatment should not be withheld based solely 
on IL28B genotype, as patients with the TT genotype can 
achieve SVR, as it was found that the association between 
rs12979860 genotype and SVR was similar between the 
patients regardless of  their RVR status.

In contrast to Ge et al[6] who reported higher viral 
load with the C allele, in our participants, rs12979860 
genotype distribution did not differ by pretreatment viral 
load. 

 Rao et al[16] reported a significant genetic polymor-
phism among women who responded to treatment, but 
Montes-Cano et al[17] found that rs12979860 genotype 
distribution did not differ by gender in G4 patients. This 

can be explained simply, by the difference in tested SNPs, 
while Rao et al[16] reported this gender-related difference 
with the rs8099917 TT genotype, in our study and in the 
study by Montes-Cano, we studied rs12979860.

The association between IL28B polymorphisms and 
liver fibrosis progression is still controversial[18]. While, 
Barreiro et al[19] reported that IL28B CC carriers might 
experience a more rapid progression of  HCV-related 

End of treatment response 

The data revealed that adjusting for stage, patients with 
rs12979860 CC and CT genotypes had ETR more often 
than patients with TT genotype [aOR (95%CI) = 17.55 
(5.34-57.69) and 5.15 (1.80-14.78), respectively]. Patients 
carrying at least one copy of  the C allele (genotypes CT 
and CC) had almost 8 times the probability of  ETR com-
pared to those with genotype rs12979860 TT (aOR = 
7.87; 95%CI: 2.84-21.82) (Table 2). In addition, data were 
consistent with a significant gene-dose relationship (aOR 
= 4.05/allele; 95%CI: 2.27-7.22). No significant interac-
tions were detected by gender, fibrosis, inflammation, or 
pretreatment ALT levels (P > 0.05).

Sustained viral response 
Individuals with rs12979860 CC genotype had approxi-
mately 6 times the odds of  SVR compared to individu-
als with TT genotype (aOR = 5.92; 95%CI: 2.09-16.76). 
Similarly, patients with CT genotype had SVR more of-
ten than those with TT genotype (aOR = 2.48; 95%CI: 
0.94-6.52). Carrying at least one copy of  the C allele (gen-
otypes CT and CC) had approximately 3 times the odds 
of  SVR compared to those with genotype rs12979860 
TT (aOR = 3.46; 95%CI: 1.37-8.74) (Table 2). Of  note, 
we observed a significant gene-dose relationship (aOR = 
2.42/allele; 95%CI: 1.47-3.99). We did not reveal any sig-
nificant interactions by gender, fibrosis, inflammation, or 
pretreatment ALT levels (P > 0.05).

There were no significant interactions between the 
rs12979860 genotype and RVR indicating that the asso-
ciation between the rs12979860 genotype and SVR was 
similar among those who achieved RVR and those who 
did not achieve RVR.

DISCUSSION
Recent studies have suggested that SNPs within or ad-
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Figure 1  Genotype frequency in percentage of rs12979860 of the interleu-
kin-28B gene under treatment with and without end of treatment response 
and with and without sustained virological response in chronic hepatitis 
C-genotype 4 patients.  ETR: End of treatment response; SVR: Sustained 
viral response. 
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Table 2  Adjusted associations between interleukin-28B 
genotype and response to treatment

End of treatment response Sustained viral response

OR (95%CI) P  value OR (95%CI) P  value

rs12979860
   TT Ref. genotype Ref. genotype
   CT   5.15 (1.80-14.78)  0.002 2.48 (0.94-6.52)    0.065
   CC 17.55 (5.34-57.69) < 0.0001   5.92 (2.09-16.76) < 0.001
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liver fibrosis, Marabita et al[20] reported that IL28B poly-
morphisms had no impact on fibrosis progression. Some 
investigators found that the unfavorable rs12979860 T/T 
gene pattern was associated with worse liver fibrosis[21], 
while others did not replicate this finding. In G4 patients, 
and similar to Asselah et al[22], no significant differences 
and associations for genotype and alleles frequencies were 
detected between mild and severe fibrosis. Host genetic 
factors associated with the risk of  liver disease progres-
sion in hepatitis C-G4 needs further investigation.

Few reports have studied the relation between IL28B 
and G4, particularly among patients in our area, where 
Egyptians represent the majority of  cases with different 
ethnic and G4-subtypes[23]. The overall frequency of  the 
protective C allele in our study was 85%, which was high-
er than that found by Kurbanov et al[24], who reported a 
frequency of  67% among the Egyptians studied. When 
the diploid genotype was considered, the overall frequen-
cy of  the protective C/C genotype was 45%, which was 
close to our finding (36.2%). With regard to the associa-
tion between genetic polymorphisms and response to 
treatment, Asselah et al[22] reported that SNP rs12979860 
was strongly associated with SVR in patients infected 
with HCV-G4 in 164 HCV-G4 patients who were from 
different ethnic groups (Egyptian, European, and Sub-
Saharan African). Although Egyptians represented 67% 
(75/112) of  the patients with G4 in the study by De 
Nicola et al[25], the results were very similar to ours con-
cerning IL28B genotype distribution and distribution of  
the C allele among the patients who achieved SVR. Our 
study re-enforces the importance of  SNP rs12979860 of  
IL28B in G4, regardless of  viral clearance by week 4 and 
confirmed the absence of  its correlation with hepatic fi-
brosis. 

This study specifically examined the relationship be-
tween IL28B rs12979860 CC genotype, rapid viral clear-
ance, treatment response and severity of  liver disease in 
patients with chronic HCV-G4 infection which included 
a large sample of  patients from the same ethnic group. 

In conclusion, in patients with HCV-G4, the IL28B 
single nucleotide polymorphism (rs12979860) is a sensi-
tive predictor of  viral clearance, independent of  baseline 
viral load, age, gender or fibrosis. This polymorphism 
does not have a similar relation with rapid viral clearance 
or severity of  hepatic fibrosis.
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