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Abstract 

 

Background  

Several studies have studied the association between Il28b polymorphisms and HCV 

genotype in chronically HCV infected patients. The association have been seen as 

differences in treatment outcome, histological features in liver biopsies and disease 

severity in different studies. 

 

Methods 

Two hundred and fifteen Caucasian patients with registered HCV genotype had 

samples available for IL28B genotyping. And APRI score was used for staging of 

liver disease, where APRI > 2 = cirrhosis. 

 

Results 

IL28B CC genotype and HCV genotype 3 infected patients were associated with 

higher ALT levels than IL28B CT/TT and HCV genotype 1 in an independent 

manner, where there was no significant interaction between IL28B genotype and 

HCV genotype. 

The rate of cirrhosis as assessed by an APRI score > 2 was higher in IL28B CC in 

patients infected with HCV genotype 1 and 3 combined compared to IL28B CT/TT 

(p=0,02).  

We found a step wise increase in the risk of cirrhosis with HCV genotype 1, IL28B 

CT/TT having the lowest risk of cirrhosis and HCV genotype 3, IL28B CC having the 

highest degree of cirrhosis. 

 

Conclusion 

We have shown that liver inflammation and the rate of liver fibrosis in hepatits C 

infection is among other factors dependent on polymorphisms on the IL28B genotype 

and HCV genotype. 
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Introduction 

 

Epidemiology 

According to World Health Organisation (1), 3% of the world’s population is infected 

with the hepatitis C virus (HCV). The highest prevalence is reported from Southeast 

Asia, Brazil, Northern and Central Africa, and most notably Egypt. In Europe, the 

highest frequency is reported from Southern and eastern Europe. Six different HCV 

genotypes have been identified. Genotype 1 is the dominating genotype worldwide 

whereas in Norway, genotype 3 is as common as genotype 1. In the Norwegian 

population 0.5-1.0% is estimated to be infected with hepatitis C and the infection is 

most prevalent among immigrants and people who inject drugs (2). 

 

Natural history 

Hepatitis C is an RNA virus from the flaviviridae family. The virus replicates in the 

cytoplasm of the hepatocytes. The main reason for its persistent infection is its rapid 

viral production, its continuous spread from one cell to another and lack of T-cell 

immune response against HCV antigens. HCV proteins inhibit apoptosis, which 

prevents host cell death, which then leads to persistent infection. Hepatitis C is the 

most common reason for chronic hepatitis, cirrhosis and hepatocellular carcinoma in 

countries with moderate to high income. 

The primary route of infection is percutaneous exposure to blood. Acute hepatitis C 

infection is asymptomatic in most cases. However, about 20-30 % have symptoms 

including malaise, jaundice, anorexia and weakness from 3 to 12 weeks after 

exposure. About 75-85% do not clear the virus within 6 months of onset, and develop 

chronic hepatitis C. One in three seem to develop cirrhosis within 30 years of 

infection and the progression is often silent. (4) Progression to cirrhosis is determined 

by several factors including ethnic background, gender, alcohol use, comorbidities 

such as obesity/diabetes or viral coinfection, and HCV-specific cellular immune 

response. (12) Among those with compensated cirrhosis one in four will 

decompensate within ten years and one in four will develop hepatocellular carcinoma 

(3). 
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The viral infection is also associated with several extrahepatic manifestations such as 

Keratokonjuctivitis Sicca (13) Lichen planus (14), Sjögren´s syndrome (15), 

glomerulonephritis and cryoglobulinemi(16), Porphyria cutanea tarda (17) and 

lymphoma (19) 

 

Treatment 

The primary goal of treatment is to eradicate the virus and thus cure the infection to 

prevent hepatic cirrhosis, decompensation of cirrhosis, HCC, severe extra-hepatic 

manifestations and death. In patients with cirrhosis, HCV eradication will reduce the 

risk of decompensation and the risk of HCC. In patients with decompensated 

cirrhosis, HCV eradication will reduce the need of liver transplantation. The treatment 

consists of either interferon (IFN)-containing regimens or IFN-free regimens. 

Sustained virologic response (SVR) is defined as HCV RNA being undetectable 12 

weeks post treatment and this is achieved in more than 90% of those treated. The 

choice of treatment is among other factors based on the genotype of the virus, the 

motivation and capacity of the patient, the extent of the disease and the contribution 

of co-morbid conditions (5). 

The combination of pegylated interferon and ribavirin for 24 or 48 weeks was the 

approved treatment for chronic hepatitis C until 2011, when telaprevir and boceprevir 

were licensed for use in HCV genotype 1 infection. These two drugs are direct-acting 

antivirals (DAAs).  

Since 2014, several new DAAs have been licensed for use as part of combination 

therapy for HCV. These belong to four different classes of drugs:  nucleoside 

analogue polymerase inhibitors, non-nucleoside analogue polymerase inhibitors, 

protease inhibitors and NS5A inhibitors. Drugs from all classes can be combined to 

achieve high response rates. 

 

 

Hepatitis C genotype 3 and IL28B polymorphisms 

Genome-wide association studies (GWAS) have shown that two single nucleotide 

polymorphisms (rs12979860 and rs8099917) near the IL28B gene are associated with 
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SVR in patients with genotype 1 treated with peg-IFN and RBV. However, in 

genotype 3 our group and others found that IL 28b was not associated with SVR but 

only with rapid viral response (RVR) defined as HCV RNA being undetectable in 

week 4 during treatment (6). Notably, we did find that viral load and ALT activity 

was higher in patients with CC genotype than those with CT or TT on rs12979860, 

and higher in those with TT than TG on rs8099917. We also found lower mean level 

of platelets in those with CC suggesting an association between IL28B genotype and 

rate of liver fibrosis. A Swedish study that used fibroscan to assess the stage of liver 

fibrosis among people infected with HCV genotype 3 confirmed that the CC 

rs12979860 polymorphism is associated with more advanced liver fibrosis in patients 

infected with HCV genotype 3, but this did not appear to be true for those with 

genotype 1. Overall data suggest that there is an association between polymorphisms 

in IL28B and rate of liver fibrosis in genotype 3, while data are more conflicting for 

genotype non 3. The Swedish study suggests that there is an interaction between 

IL28b genotype and viral genotype on the natural history of the disease.  
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Rembeck, K., et al. performed a study on the impact of IL28B-related SNP on liver 

histopathology in chronic hepatitis C genotype 2 and 3 and found that 

CC(rs12979860) SNP was associated with more pronounced liver histopathology in 

patient with chronic HCV genotype 3, but this association was not significant among 

patients infected with genotype 2. They did not study hepatitis C genotype 1. (8) 

Bochud et al. concludes that IL28B variants (CT/TT) associated with a poor virologic 

response to therapy are also associated with decreased necroinflammation in the liver 

and predict slower liver fibrosis progression in non-HCV1 patients.  

The main limitation of this study is the over representation of rs12979860 T-allele 

carriers among the end stage cirrhotic patients. (9) 

Noureddin, M., et al. concluded that IL28B CC genotype is associated with a 

pronounced degree of necroinflammation, higher ALT and worse clinical outcomes in 

patients infected with chronic hepatitis C. A limitation of this study was that only 

patients with F3-F4 were included. In addition the analysis was not stratified by HCV 

genotypes. (10) 

D´Ambrosio et al. concludes that IL28B genotype is associated with the histological 

features of chronic hepatitis C in a HCV genotype dependent manner. Among HCV 

genotype 3 infected patients of Caucasian origin, CC carriers at rs12979860 had 

significantly more fibrosis than T-allele carriers, and there was a significant, 

genotype-independent association between the CC genotype and severe portal 

inflammation. This is a clinically important note, but due to the limited number of 

patients included in the HCV3 group in particular, the study has low statistical power. 

(11) 

Our understanding of the mechanisms that drive liver fibrosis in HCV infection is 

limited and given the controversies that still exists regarding IL28b genotype and rate 

of fibrosis, the primary aim of this study is to assess a potential interaction between 

IL28B genotype, viral genotype and ALT levels. Secondary aims are to study the 

potential interactions between IL 28b genotype, viral genotype, viral load and APRI 

score. 
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Material and Methods 

The study is a retrospective cohort study 

Patient population  

We aimed at including approximately 500 consecutive patients, seen at the outpatient 

clinic at Akershus University Hospital and Oslo University Hospital, Ullevål (OUS) 

from 1990 until end of 2014. 

Patients were included if all of the following criteria were fulfilled: 

1. HCV RNA detected by PCR 

2. HCV genotype 1 or 3 present 

3. Stored and frozen blood samples were available. 

4. Patients were of Caucasian origin 

5. A liver biopsy performed before HCV treatment had been performed 

 

Data 
 
The following demographic data was retrieved from the electronic patient files: 

gender, age, geographical origin, alcohol consumption, diabetes mellitus and the 

presence of HCC. Biochemical and hematological data including ASAT, ALAT, 

platelets and viral load was also noted. Due to lack of data on alcohol consumption 

and diabetes mellitus on all patients, we did not consider these factors in our study. 

Biochemistry was performed in the routine lab and the last assessment done before 

the liver biopsy was performed, was noted. 

Liver biopsy assessment was not yet available for the present report. However, 

fibrosis could be assessed using the APRI score (AST/ASTupper normal level / Platelets/ 

Plateletslowernormal level) (9). An APRI score of >2 was classified as cirrhosis. 

   

Until 2004 viral load was measured at a central lab (National Institute of public 

health) using a branched DNA technique (Quanitiplex 2.0, Chiron, Emeryville, CA). 

Later quantification was performed at the local labs using COBAS 

AmpliPrep/COBAS TaqMan HCV test. Viral genotype was determined locally with a 

hybridization technique (VERSANT HCV Genotype Assay (LiPA, Bayer HealthCare 

LLC, Tarrytown, NY, USA. 
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IL28B genotyping 

IL28B genotyping was performed on sera or plasma stored in the clinical biobank at 

the Microbiological Department at -70 degrees at Ahus, Norwegian Institute of Public 

Health (FHI) or Oslo University Hospital. 

  

SNP Genotyping 

Eluted DNA (5 µL) was used for determination of genotype using an SDS 7900 HT 

qPCR thermocycler (Applied Biosystems, Foster City, CA). rs12979860 was 

genotyped using a custom made TaqMan assay with the following primers and 

probes: amplification primers TGCCTGTCGTGTACTGA ACCA and 

GAGCGCGGAGTGCAATTC and TaqMan probes VIC-TGGTTCGCGCCTTC-

MGB and 6FAM-CTGGTTCACGCCTTC-MGB. The assay for rs12979860 was 

validated using Custom TaqMan SNP Genotyping Assay (Applied Biosystems; online 

service, primer and probe sequences not shown) of almost all samples. Further 

validation was also performed by amplifying DNA from some of the samples using 

primers CCTGGACGTGGATGGGTACT and GGCTC AGGGTCAATCACAGAA 

and sequencing with primer TCGTGCCTGTCGTGTACTGAA. rs8099917 was 

genotyped using a predesigned TaqMan SNP Genotyping Assay (Applied 

Biosystems; assay ID C__11710096_10). The genotyping assay was validated by 

amplifying DNA from several of the samples using primers 

TTGTCACTGTTCCTCCTTTTGTTTT and 

GGCCCTAACTGATACGCTATAATTAAA and sequencing with primer 

AATGCAAATGAGAGATAATGGTAAGACAT. (6) 

 

Statistical Analysis 

The Statistical Package for the Social Sciences (SPSS; version 16) was used. In 

univariate analyses with normalized ALT levels as the dependent variable (log 

transformed to correct for outliers with very high ALT levels and to make it as 

normalized as possible) and HCV genotype, gender, age and IL28B genotype as 

independent variables. Pearsons qhi-square test (X²) or paired t test was used as 

appropriate to compare proportions. Finally, a multivariate regression analysis was 

performed with viral load and APRI score as dependent variables and HCV genotype, 



	 10	

gender, age and IL28b genotype as independent variables.  A two tailed P-value <0.05 

was considered significant. Interaction between HCV genotype and IL 28b genotype 

was tested for. 

 

Ethical consideration 

The data was drawn from the HCV quality registry at Ahus reviewed by REK 

(2012/1732). Posthoc analysis of IL 28b genotype without collection of patient 

consent has been approved by the regional ethical committee 

 

Results 

We included 215 consecutive patients with chronic hepatitis C of whom 89 (42 %) 

had genotype 1 infection and 125 (58 %) genotype 3 (table 1). 

 

Table 1: Characterstics of patients according to HCV genotype (n=215) 

Characteristic Overall  
 

(N=215) 

HCV G1  

(N=89) 

HCV G3  

(N=125) 

Males (N (%)) 139 (65) 75 (62) 64 (70) 

Females (N(%)) 75 (35) 47(39) 28 (30) 

IL28b CC  
(N (%)) 

89 (41) 46 (37) 43 (47) 

IL28b CT/TT  
(N (%)) 

126 (59) 77/63) 49(53) 

Age (median 

(range)) 
44 (16-67) 43 (16-66) 45(25-67) 

AST(mean(range)) 85(18-670) 71(18-670) 194 (18-400) 

ALT(mean(range)) 127 (16-820) 103 (16-820) 160(19-560) 

Viral load 

x1000 IU/ml 
(mean (range)) 

4164 (15-

180000) 

3462 (15-

51000) 

5116 (19-

180000) 
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F0F3 (N (%)) 138 (64) 91 (78) 47 (55) 

F4 (N(%)) 64 (30) 25(22) 39 (45) 

 

ALT 

In univariate analyses IL28B (CC vs CT/TT) and genotype (3 vs 1) was the only 

predictors of high ALT (p=0,025 and 0,006, respectively). (Table 2 and figure 1). For 

a non-log transformed depicition of the association see figure 2. 

The univariate analysis predicts that there is no interaction between IL28b genotype 

and HCV genotype (table 2). Thus IL28b CC and HCV 3 is associated with higher 

ALT levels in an independent manner. 

 

Table 2: Parameter estimates 

Dependent Variable: ALATnorm_log   

	 P-value	 95%	Confidence	Interval	

IL28B	(CC	vs	CT/TT)	 0,025	 0,041-0,605	

HCV	genotype	(3	vs	1)	 0,006	 0,111-0,666	

Interaction	between	

IL28B	and	HCV	genotype	

0,963	 -0,411-0,431	
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Fig 1 Box-and-whisker plot of  median ALT activity (log transformed) according to 

viral and IL 28b genotype. Whiskers indicating variability outside the upper and 

lower quartiles. 
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Fig 2 Box-and-whisker plot of  median ALT activity according to viral and IL 28b 

genotype. Whiskers indicating variability outside the upper and lower quartiles. 

 
Numerically the median ALTnorm_log was lowest among those with IL28b CT/TT and 
HCV genotype 1 and IL28b CT/TT in HCV genotype 3. The median ALTnorm_log is 
highest in the groups with IL28B CC in HCV genotype 1 and 3. This shows a rise of 
median  ALTnorm_log from IL28 CT/TT to CC.  
In the group with IL28b CC the boxes overlap but not both medians, so it is likely to 
be a difference between the two groups. In the group with IL28b CT/TT the boxes 
overlap with both medians and the difference cannot be claimed. 
 
 
 
Viral load 
The univariate analysis with log transformed viral load as the dependant variable 

shows that there was no significant association between viral load and genotype or 

IL28B. There was also no interaction between these two. The analysis predicts an 

interaction between viral load and age with a 95% Confidence Interval (CI) of 0,002-

0,05 and p = 0,032. 
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Stage of disease 
 
Cirrhosis as assessed by an APRI score > 2 was present in 30/199 (25%) of those with 

IL28B CT/TT and 34/83 (41%) of those with IL28b CC (genotype 1 and 3 combined), 

(p = 0,02). Among those with genotype 3 CC:  22/39 (56%) vs CT/TT:  17/47 (36%), 

p =0,08 and HCV genotype 1 patients CT/TT: 12/72 (17%) vs. CC: 12/44 (27%), 

p=0,2, the difference is not significant. Numerically we can see a step wise increase in 

the risk of having cirrhosis from HCV genotype 1 and IL28B CT/TT which has 

lowest risk of cirrhosis and HCV genotype 3 IL28B CC being the group with highest 

degree of cirrhosis. 

 

 

 

 

Fig. 3. The proportion of chirrosis according to viral genotype and IL28B genotype. 
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Discussion 

In this study we show that IL28B genotype is associated with ALT levels, where the 

CC genotype leads to higher ALT levels than CT/TT. There was a trend that this 

holds true within both the group with genotype 1 and genotype 3 without any 

interaction being apparent. Furthermore, an association between IL28B genotype and 

cirrhosis as assessed with APRI score was present, with CC being associated with 

higher risk of cirrhosis compared to CT/TT. We also observed an association between 

HCV genotype and ALT levels, where ALT levels is higher in patients infected with 

HCV genotype 3 compared to genotype 1. These findings indicate that IL28B CC and 

HCV genotype 3 has an additive effect on the development of liver damage. 

 

Previous studies have shown an association between IL28B CC genotype and 

APRI>2 among patients infected with HCV genotype 3 and we see a strong trend for 

that this holds true. To further explore this issue we plan to expand our study by 

including more patients and using liver biopsies to assess the accurate level of liver 

damage in patients infected with HCV genotype 1 and 3. 

Interestingly, the frequency of cirrhosis among the subgroups increase stepwise from 

HCV genotype 1, IL28b CT/TT group having the lowest proportion of cirrhosis and 

HCV genotype 3, IL28B CC group having the highest degree of cirrhosis (Table 4.). 

This stepwise increase also applies to ALT levels and HCV genotypes in a similar 

pattern, where patients infected with HCV genotype 1, IL28B CT/TT have the lowest 

ALT levels and patients infected with HCV genotype 3, IL28B CC have the highest 

ALT levels. 

 

In our study we did not find an association between IL28B genotype and viral load 

and ALT levels. This differs from previous studies performed on the same subject and 

may again be explained by lack of sample size (type II error). Another explanation 

can be that we have log transformed ALT levels and viral load due to skewed 

distribution whereas former studies did not do this. 
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The main limitation in our study is the sample size which opens for type II error 

(failing to detect a true difference):  Furthermore, our diagnosis of cirrhosis was based 

on APRI score >2 which has a specificity of 90% and sensitivity of only 46% for 

detecting cirrhosis. Thus, we must assume that an important number of cirrhotics has 

not been detected and thereby falsely classified to the non-cirrhotic group. In an 

ongoing study we will be able to more accurately assess the impact of IL28B on liver 

disease as cirrhosis will be diagnosed with liver biopsies. Due to the retrospective 

design of our study we have not been able to focus on other factors that may 

contribute to the progression of cirrhosis, such as alcohol use. This limits our potential 

to make accurate conclusions regarding staging.  

Implications: our observation indicates that patients with IL28B CC are at a higher 

risk of liver cirrhosis than patients with IL28B CT/TT when using ALT as the 

indicator for cirrhosis. We also observed that patients infected with HCV genotype 3 

have a higher risk of cirrhosis than patients infected with genotype 1. Our findings 

increase our understanding of why patients with chronic hepatitis C show such varied 

expression of liver disease. They may also have significance in regions with limited 

resources indicating that patients with IL28B CC who are infected with HCV 

genotype 3 should be prioritized for new and expensive HCV treatment.  

 

Future study 

As liver biopsy is the gold standard for evaluation of hepatic fibrosis and cirrhosis, we 

plan to expand our study by using biopsies for the grading of cirrhosis. . As well as 

the polymorphisms we have looked into, genetic polymorphisms of genes including 

IFN-γ, tumor necrosis factor (TNF)-α, interleukin (IL)-10, IL-20 and SNPs 

osteopontin gene will be included in our study.(20).  

 

Conclusion 

We have shown that liver inflammation and the rate of liver fibrosis in hepatitis C 

infection is among other factors dependent on polymorphisms on the IL28B genotype 

and HCV genotype.  
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