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Abstract 

The treatment outcomes in Hepatitis C virus (HCV) are attributed to various factors like viral load, 

viral genotype, ethnicity, and host genome. Therefore, this study was carried out to determine the 

genetic frequencies of IL-28B-rs12979860 and rs8099917 variants and to explore the role IL-28B-

rs12979860 as predictors of therapeutic response in direct acting antiviral therapy. Two study 

subjects, chronic HCV patients (182) and control individuals (59), were recruited in this project. 

The patients were initially diagnosed through ELISA (Biotech-USA); however, active, and non-

active infection status of the patients was determined through Real Time PCR (Amplisense-HCV 

FRT, Russia). Genomic DNA was extracted from whole blood using silica spin column extraction 

kit (MN, Germany) followed by genotyping of two SNPs IL-28B-rs12979860 C/T and IL-28B-
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rs8099917 T/G using a real time PCR assay (Amplisense HCV FRT, Russia). The genotype 

frequency of IL-28B-rs12979860 was significant in co-dominant [χ2 =13.78; P=0.001], 

homozygous dominant (TT vs CC+CT) [OR=3.903 (0.123-0.519); P=0.0002], homozygous 

recessive (CC vs TT+CT) [OR=0.322 (0.160-0.625); P=0.0016], and additive C vs T) [OR=0.354 

(0.22-0.572); P<0.0001] models. Similarly, a significant genotype distribution of IL-28B-

rs8099917 was observed in co-dominant [χ2 =16.53; P=0.0003], homozygous dominant (GG vs 

TT+GT) [OR= 2.304 (1.03- 5.11); P=0.04], homozygous recessive (TT vs GG+GT) [OR=0.222 

(0.108-0.476); P=0.00], and additive (T vs G) [OR= 0.361 (0.221-0.591); P<0.0001] models. 

Furthermore, we found that out of the total 101 chronic HCV patients, 80 (79.2%) showed SVR 

while 21 (21.8%) did not achieve SVR and were called as relapsed patients’ group. Thus, 

evaluating response of certain genotype of IL-28B-rs12979860 to direct-acting antiviral (DAA), 

the TT genotype was observed 33 (71.7%) in SVR and 13 (28.3%) in relapsed patients. However, 

CC genotype was found 23 (95.8%) and 1 (4.2%) in SVR and relapsed patients, respectively. 

While CT genotype was 24 (77.4%) in SVR and 7 (22.6%) in relapsed patients.   
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Introduction 

Hepatitis C is the liver inflammation caused by the Hepatitis C Virus (HCV). HCV is the leading 

cause of death among all other hepatitis viruses. It is a major cause of chronic liver infection, 

causing almost 0.4 million deaths annually (Parsons, 2022). In 2015, the global prevalence of HCV 

infection was estimated to be 1% (0.5–2.3%), corresponding to 71 million chronically infected 

people (Liakina et al., 2017) and its highest prevalence rates are found in Egypt (6.3%), followed 

by Pakistan (3.8%) and Russia (3.3%). In Pakistan, its prevalence varies and is about 3-5% among 

the general population. It has become an endemic status in some of the areas of Pakistan especially 

in rural and non-developed cities (Haqqi et al., 2019).  
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HCV has been treated with different antiviral drugs either indirect or direct in the purpose to 

eradicate virus from the body. Different factors related with both virus and host contribute in 

predicting the viral response to therapy. Among the host related factors one which is considered 

to being involved is interleukin-28B polymorphism (Geddawy et al., 2017). 

IL-28B gene is found on the 19th chromosome at 19q13 and consisted of 6 exons (Witte et al., 

2010b). Interleukin is a sort of form of IFN. IFNs are the key cytokines in establishing a 

multifaceted antiviral response. There are 3 types of IFN, based on their biological activities, 

structural features, and receptor usage. (Type I, II, and III) (Donnelly et al., 2010). Type-III IFN 

was discovered (1993) in humans. This group contain 3 strongly associated IFN gamma proteins, 

IFN gamma 1, gamma 2, and gamma 3, which are  also known as IL-29, IL-28A, and IL-28B, 

respectively (Witte et al., 2010a). IL28B/IFN-λ3 shows effective action against HCV,  whereas 

IFN-λ induces innate antiviral activity against many viruses such as encephalo myocarditis virus, 

vesicular stomatitis virus and HBV, both in cell culture as well as in animals (Witte et al., 2010a, 

Donnelly and Kotenko, 2010). IFN-λ3 also shows polymorphisms in gene that includes 

rs12980275A/G, rs8099917T/G, rs28416813C/G, and rs12979860C/T. Alleles such as 

rs12979860 C and rs8099917 T are actually the much valuable gene of IFN gamma 3 that shows 

impulsive approval. IFN-λ induces an amazing antiviral protection in large numbers of the cells, 

particularly when collaborating with type I IFN (Donnelly et al., 2010). It shows a critical antiviral 

action in HCV infection because near the 3kb upstream of the gene, polymorphism emerge to be 

associated with the result of infection although the mode of action is  not known yet (Langhans et 

al., 2011). According to a report, the outcome of hepatitis C infection is affected by numbers of 

factors such as age, gender, route of transmission, jaundice, co-infection and viral genotype 

(Fedorchenko et al., 2010). However, recently few reports have established the important role of 

heritability and ethnicity in the immune response of host to the infection caused by HCV (Thomas 

et al., 2009b). The impulsive viral clearance following acute infection varies among the patients 

of different races. According to the  recent reports, the genetic variation has also an important role 

in IFN gamma 3 gene region, located on chromosome 19, which can response to PEG-IFN in 

combination with  ribavirin therapy and can also fight against the HCV infection  (Thomas et al., 

2009a). This finding has  been confirmed in other independent cohorts as well (Tillmann et al., 
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2010a). Genetic variation in the IL28B/IFN-λ3 gene, the rs12979860 C and  rs8099917 T allele 

are believed to be strongly associated with viral clearance (Tillmann et al., 2010b). HLA class-I 

and II (Kuniholm et al., 2013), IL-10 (Mangia et al., 2004), IL-4 (Ramos et al., 2012), IFN-γ are 

reported to be associated with the natural clearance of HCV infection (Ramos et al., 2012), and 

programmed cell death protein-1 (PD-1) (Ramos et al., 2012).  Some studies were also conducted 

on polymorphisms on natural clearance of HCV infection in Iran. Accordingly, in those studies 

the genotypes and allele frequency of IFN gamma 3 at rs12979860C/T and the rs8099917T/G 

SNPs in those patients suffering from HCV were explored in one of the provinces of south Iran 

named Fars. It was examined that whether their allele and genotype relate to HCV infection 

resulted in spontaneous clearance versus chronic infection. 

This study was aimed to explore the IL-28B polymorphism roles as predictor of response in case 

of direct-acting antiviral (DAA) therapy as earlier studies have shown its correlation with indirect 

therapies but no one or least has shown its correlation with DAA. 

Methodology 

Recruitment of the study subjects 

A total of 241 study subjects (including 182 chronic HCV patients and 59 healthy controls) were 

enrolled in this study. All the subjects were screened for coinfection of HBV and HIV. The ICT 

positive patients were initially screened through ELISA (Biotech, USA). For further active 

infection confirmation RNA was extracted followed by real time PCR (Amplisense HCV FRT, 

Russia) as per manufacturer guidelines. The sensitivity for real time PCR was less than 10 IU/ml. 

An informed consent form was signed from each participant in the study.  

DNA extraction and genotyping 

Genomic DNA was extracted from whole blood using silica spin column extraction kit (MN, 

Germany). Two SNPs rs12979860 C/T and rs8099917 T/G from IL-28B gene were genotyped 

using a real time PCR assay (Amplisense HCV FRT, Russia). Two tubes were prepared for each 

sample, labelled as Tube 1 (rs12979860 + internal control) and Tube 2 (rs8099917 + internal 

control) to determine the homologous and heterozygous status of each sample.  

After amplification the data was analyzed through real time PCR software (Mygo, USA) by 

detecting florescence signals. To measure florescence signals, three fluorophores channels were 
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used i.e., FAM, JOE  and ROX. The data was recorded in terms of threshold cycle (Ct) value for 

each sample. FAM and JOE were used to detect nucleotide type in rs8099917 G/T and rs12979860 

C/T. While ROX was used as an internal control (Table 1). Ct values detected from FAM and 

ROX shows that individual is homozygous for one allele, while Ct values from JOE and ROX 

shows homozygosity for second allele. However, Ct values detected from all three channels shows 

that the patient is heterogeneous at the given variant.  

The genetic data was statistically analyzed through GraphPad Prism software using Chi Square 

and Fisher´s Exact test at 95% CI (confidence interval). The p value of <0.05 was considered a 

significant range.  

 

RESULTS 

The frequency distribution of IL-28B-rs12979860 and rs8099917 SNPs in chronic HCV patients 

and controls is given in Table 1. The genotype frequency of IL-28B-rs12979860 was significant 

in co-dominant [χ2 =13.78; P=0.001], homozygous dominant (TT vs CC+CT) [OR=3.903 (0.123-

0.519); P=0.0002], homozygous recessive (CC vs TT+CT) [OR=0.322 (0.160-0.625); P=0.0016], 

and additive C vs T) [OR=0.354 (0.22-0.572); P<0.0001] models.  

Similarly, a significant genotype distribution of IL-28B-rs8099917 was observed in co dominant 

[χ2 =16.53; P=0.0003], homozygous dominant (GG vs TT+GT) [OR= 2.304 (1.03- 5.11); P=0.04], 

homozygous recessive (TT vs GG+GT) [OR=0.222 (0.108-0.476); P=0.00], and additive (T vs G) 

[OR= 0.361 (0.221-0.591); P<0.0001] models (Table 1). 

Furthermore, for IL-28 B rs12979860 response of certain genotype to DAA was assessed. We 

found that out of the total 101 chronic HCV patients, 80 (79.2%) showed SVR while 21 (20.8%) 

did not achieve SVR and were called as relapsed patients’ group. The TT genotype was observed 

33 (71.7%) in SVR and 13 (28.3%) in relapsed patients. However, CC genotype was found 23 

(95.8%) and 1 (4.2%) in SVR and relapsed patients, respectively. While CT genotype was 24 

(77.4%) in SVR and 7 (22.6%) in relapsed patients.   

 

Table 1:  Frequency distribution of IL-28 B rs12979860 and rs8099917 SNPs 
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Genes  Models Genotypes Cases (101) Controls 

(59) 
Odd Ratio χ2 P value 

 

 

rs12979860 

C0- 

dominant 
CC 

CT 

TT 

24 (23.8%)  

31 (30.7%) 

46 (45.5%) 

 29 (49.1%)  

18 (30.5%) 

12 (20.4%) 

-- 13.78 0.001 

Dominant  TT 

CC+CT 
46 (45.5%) 

55 (54.5%) 
12 (20.4%) 

 47 (79.6%) 
3.903 

0.123-

0.519 

- 0.0002 

Recessive CC 

TT+CT 
24 (23.8%)  

77 (76.2%)    
29 (49.1%)     

30 (50.9%) 
0.322 

0.160-

0.625 

 

- 0.0016 

Heterozygous CT 

CC+TT 
31 (30.7%) 

80 (69.3%) 
18 (30.5%) 

41 (69.5%) 
0.882 

0.452-

1.735 

 

- 0.72 

 

Additive C 

T 

79 (39.1%) 

123 (60.9%) 

76 (64.4%) 

42 (35.6%) 

0.354 

0.22-0.572 

 

- <0.0001 

 

 

 

 

 

rs8099917 

 

Models Genotypes Cases (81) 

 
Controls 

(59) 
Odd Ratio X2 P value 

C0- 

dominant 

TT 

GT 

GG 

16 (19.8%)  

35 (43.2%) 

30 (37%) 

31 (52.6%) 

16 (27.1%) 

12 (20.4%) 

 

- 
16.53 0.0003 

Dominant  GG 

TT+GT 

30 (37%) 

51 (53%) 

12 (20.4%) 

47 (79.6%) 

2.304 

1.03- 5.11 
- 0.04 

Recessive TT 

GG+GT 

16 (19.8%)  

65 (80.2%) 

31 (52.6%) 

28 (47.4%) 

0.222 

0.108-

0.476 

 

- <0.0001 

 

Heterozygous GT 

GG+TT 

35 (43.2%) 

46 (56.8%) 

16 (27.1%) 

43 (72.9%) 

2.045 

0.999-

4.246 

 

 0.07 

Additive T 

G 

67 (41.3%) 

95 (58.7%) 

78 (66.1%) 

40 (33.9%) 

0.361 

0.221-

0.591 

 

- <0.0001 

 

 

Table 2:  IL-28B genotypes association with Response 
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Genotypes SVR (n=80) Relapse (n=21)  

CC  (n=24)   23 (95.8%)  1 (4.7%)  

CT  (n=31)   24 (77.4%)  7 (22.6%)  

TT   (n=46)    33 (71.7%)  13 (28.3%)  

    

 

Discussion 

HCV infection has created alarming situation in some of the areas of Pakistan and even in KPK. 

To treat HCV infection different parameters are kept in mind to have a good treatment response 

(Al Kanaani et al., 2018). Different predisposing factors are contributing to HCV treatment 

outcome. Among those, some are viral related like, genotypes and viral load whereas some are 

host related like, gender, ethnicity, and host genome (Manns et al., 2017). Among the host genome, 

the most important are IL-28 B genetic polymorphism. This association has been explored in many 

of the studies, using drugs like IFN and Ribavirin and very few studies have been done to explore 

its association with DAA drugs that is sofosbuvir and ribavirin in combination. 

IL-28 polymorphism at rs60 and 17 has been explored in Chronic hepatitis C (CHC) and 

individuals having non-active hepatitis C infection, which revealed that among different 

genotypes, the most associated genotypes with CHC patients were CT and TT and comparatively 

low prevalence was that of CC (Table 2). Genome wide association study has been done, revealing 

that genetic variation near the region of IL-28 B gene are connected with absence of HCV RNA 

in anti-HCV antibody positive patients, presumed to have HCV spontaneous clearance (Mazzaro 

et al., 2011). According to Mazzaro et al., 2011 individuals having C/C genotype at rs12979860, 

are most capable of resolution of HCV infection in different population of subjects like European 
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and African. It is further stated that those individuals who have C/C genotypes are more associated 

with HC resolution compared to individuals with TT (Mazzaro et al., 2011).  

Our results showed that most of the CHC patients are associated with TT genotypes (Table 2). 

This is  consistent with the study done by (He et al., 2011)  in which the genotype TT was closely 

linked with chronic hepatitis C infection in Italian population. Similarly in another study conducted 

by Prokunina-Olsson et al it was revealed that TT genotype at rs 60 in CHC patients were more 

prone to cirrhosis (Prokunina-Olsson et al., 2013).  

Besides this, persons having C allele at rs 60 tend to have constant higher serum level of IL-28 and 

IL-29 than those having T/T allele (Casato et al., 1991), indicating favorable response to antiviral 

therapy. At this stage, it would be analyzed that CC genotype at rs 60 might be associated more 

with spontaneous cleared patients than CHC patients, revealing IFN–λ level, and this high level in 

turn is responsible for HCV clearance. Similarly many studies have been done to show association 

of IL-28 b polymorphism with response to antiviral therapy (Zhang et al., 2016). Our results 

showed that CC genotypes were associated more with sustained virological response (SVR) as 

compared to T and G allele (Table 2). This is in agreement with a study conducted in Iran by 

(Cocquerel et al., 1998) in which individuals with C/C and C/T genotype at rs 60 showed  higher 

SVR rate than those having TT genotype.  Similarly, our study results are  consistent with the 

study conducted by (Lavie et al., 2006), that in Caucasians, IL-28 B polymorphism CC genotypes 

at rs 60 was associated with more viral kinetics and likely improved SVR than TT genotypes. 

Another study also has shown the same relationship of CC genotypes with viral kinetics and SVR 

and also with HCV clearance (Rauch et al., 2010). This association has also been shown in uremic 

patients (Penin et al., 2001).  

The presence of TT genotypes has great influence over the HCV clearance and SVR in some 

regions of the world like USA, Brazil, Europe and Morocco (Rauch et al., 2010), while in some 

regions like china, Iran and also even in Pakistan, TT genotypes have no such relationship. 

Although in some studies association of rs 17 TT genotypes have been shown with HCV clearance 

and outcome (Zhang et al., 2016). Although haplotype analysis is most important in predisposing 

genetic factors in some complex diseases like this study has shown the importance of Il-28 B host 
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genetic polymorphism, but this study had some limitation that is, small size of cleared HCV 

infected individuals and some uneven amount of female to male those might be considered in next 

future study.  

In conclusion, this study has found greater association of CC genotypes and C allele at rs 60 but 

not with TT genotypes at rs 17, with HCV clearance and final HCV outcome. Therefore, it can be 

suggested that IL-28 host genetic factor can influence HCV infection outcome in Pakistani 

population, and it can be put in guidelines in some serious complicated cases of HCV infection. 
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