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Summary 

Hepatitis C virus (HCV) is a major cause of chronic liver infection and is an important 

public health challenge in Pakistan. Host immunological factors are accountable for the 

differential outcome of HCV infection and response to anti-HCV therapy. However, not 

much is known about the spontaneous recovery and response to anti-HCV therapy for the 

patients under treatment. Moreover, prior to this report, none of the studies in Pakistan 

focused on the role of genetic polymorphism in key immunological factors TNF-α, HLA-

DRB1 and DQB1 genes. This study was carried out to determine the relationship of 

polymorphisms in TNF-α, HLA-DRB1, DQB1 genes and their possible association with 

response to anti-HCV therapy. Sampling for this study was done by collecting blood 

samples from the patients who were visiting Nuclear Medicine Oncology and Radiotherapy 

Institute (NORI) Islamabad. Patients under scrutiny were positive for anti-HCV and 

information regarding each patient’s demography, signs and symptoms and risk factors 

were obtained using a designed proforma. Consent was obtained from all the patients 

whereas, ethical approval for this study was granted by Institutional Review Board of 

Department of Microbiology, Faculty of Biological Sciences, Quaid-i-Azam University 

Islamabad. Samples were subjected to viral RNA quantification, along with genotyping of 

HCV. After viral RNA analysis, human DNA extraction was done by using phenol 

chloroform method. The extracted DNA was transported to the Laboratory of Virology and 

Infectious Disease, The Rockefeller University, New York USA. Three genes (TNF-α, 

HLA-DRB1, DQB1) were targeted for single nucleotide variation analysis. Primers were 

designed for HLA-DRB1, DQB1genes, whereas already reported primers were used for the 

amplification of TNF-α gene. PCR conditions were optimized for each gene and amplicons 

were confirmed on agarose gel by comparing the desired product size with a DNA marker. 

After PCR amplicons were purified using gel purification kit. DNA sequencing was done 

by Macrogen New York. After sequencing peak analysis of the sequences were carried out 

followed by patient's genotype and allele distributions and mapping of the identified SNPs. 

Haplotype determination was carried out for the studied SNPs and statistical analysis was 

performed. Gender and demographic data analysis for the studied patients revealed that the 

distribution of male and female patients in this study was almost equal, 49% vs 51%. The 

most common signs and symptoms distributed in studied group of patients were jaundice, 
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fatigue, abdominal discomfort, anorexia and malaise and revealed a significant association 

with HCV infection in studied patients (p<0.05). Demographic analysis showed that most 

of the patients analyzed in this study belonged to Rawalpindi and Islamabad region, 

followed by Punjab and Khyber Pakhtunkhwa. Similarly analysis for age groups revealed 

that most of the patients fell into age group, 31-40 years. Distribution of the risk factors in 

examined individuals revealed that the most prevalent risk factors were injections, 

intravenous infusions, barbers visits and skin piercing respectively (p<0.05). HCV 

genotype 3a was established to be the most prevalent genotype in the studied group of 

patients. Similarly literacy rates analysis depicted that the 86% of the patients were literate 

whereas, 14% of the patients were illiterate with matriculation being the most common 

education level followed by primary and middle education. Occupational information for 

the studied patients showed that the most of the male patients had Government jobs, laborer 

and shopkeeper respectively, whereas, most of the female patients were housewives 

followed by teachers. Viral RNA detection analysis depicted that viral RNA was detected 

in total of 51% of the studied patients, whereas the peak load in males was found to be 

51,809,739 IU/ml, similarly the maximum HCV RNA load in female patients was reported 

to be 31,874,791 IU/ml respectively. Average viral load in both male and female patients 

was reported to be 5,315,791 IU/ml and 3,180,912 IU/ml, while the cut off value for viral 

RNA detection were 12 IU/ml.  All the included patients in the study were categorized into 

two group that included therapy group and non-therapy group. Therapy group was further 

divided into responsive to interferon/ribavirin group (R) and non-responsive to 

interferon/ribavirin therapy group (NR). The non-therapy group was divided into 

chronically infected (CI) group and spontaneously recovered groups (SR). After 

sequencing analysis the obtained traces were analyzed for the presence of SNPs using 

different softwares, a total of twenty SNPs were examined in the analyzed set of patients. 

Three SNPs in Tumor necrosis factor alpha (TNF-α) were studied, whereas seven SNPs 

were analyzed in HLA-DRB1 gene. In total ten SNPs were studied in HLA-DQB1 gene and 

it was found that five of the total ten SNPs were novel. Mapping of the SNPs was carried 

out and we showed that SNPs in TNF-α gene mapped to the promoter region, similarly 

SNPs in HLA-DRB1gene mapped to the exon 2 of the gene. HLA-DQB1 SNPs mapped to 

the promoter region of HLA-DQB1 gene. After mapping genotyping of the studied SNPs 



 

xvi 
 

were carried out followed by allelic and haplotype determination. Genotype analysis 

showed that genotypes at TNF-α were not significantly associated with therapy or HCV 

disease outcome. However, differences in genotype distributions at -8362 position in the 

HLA-DQB1 gene were statistically significant among spontaneously recovered and 

chronically infected patients. Similarly genotypes, TT and CC at position 6151 (rs1064663) 

in the HLA-DRB1 gene were significantly associated in both male and female patients 

whereas, genotype distribution at 6231 (rs3167799) position in HLA-DRB1 gene was found 

to be significantly associated with HCV infection in both male and female patients. Allelic 

distributions at the analyzed position showed that that allele T at 6228 (rs230382) position 

in HLA-DRB1 gene was significant predictor of response to anti-HCV therapy (IFN/RBV 

combinatorial therapy). Similarly a novel allele in the HLA-DQB1 gene at -8447 position 

was also responsible for response to interferon/ribavirin therapy in studied patients. Allele 

C/T distribution in both male and female patients in HLA-DRB1 gene at 6151 (rs1064663) 

position was found to be statistically significant in male and female patients. Similarly 

Allele T/C variation at 6228 (rs230382) position in the HLA-DRB1 gene was found to have 

a statistically significant association with infection outcomes in male and female patients, 

whereas allelic distribution at 6231 (T/C/G) (rs3167799) position revealed that allele G 

and T were significantly associated with defining the fate of HCV infection in male and 

female patients. Multivariate logistic regression analysis for HLA-DRB1 (rs2308802) and 

HLA-DQB1 (-8471) showed that these variations were responsible for IFN/RBV therapy 

response. Haplotype analysis showed that none of the haplotypes were associated with 

therapy response or outcome of HCV infection. Linkage disequilibrium analysis for the 

genotypes revealed that there was genetic linkage among various genotypes at identified 

SNPs in HLA-DRB1 and HLA-DQB1gene.
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1. Introduction and literature review 

1.1. Background 

Hepatitis C Virus (HCV) is a non-cytopathic hepato-trophic virus that can lead to a wide 

range of clinical outcomes like, chronic HCV infection to cirrhosis, hepatocellular 

carcinoma (HCC) and liver failure (McPhee et al., 2019). According to the recent 

estimates, over the last 15 years, the sero-prevalence of HCV has reached up to 2.8% 

surpassing 185 million HCV infections globally (Lanini et al., 2019). Hepatitis C virus is 

an enclosed, positive sense ssRNA virus having genome of 9.6 kb and diameter of 55-65 

nm. HCV is a member of Flaviviridae, family and genus Hepacivirus (Ferri et al., 2015; 

Drexler et al., 2013).  

HCV genotypes are divided into seven recognized types; genotype seven being the recently 

reported in 2015. Each genotype is further divided into subtypes. HCV genotypes vary 

from one another, maximum up to 30% of the genomic sequence variations, while the 

subtypes differ by 15-23%. HCV genotypes have broad range of distributions, particularly 

in genotype 5 (Tsukiyama et al., 2018; Webster et al., 2015; Murphy et al., 2015; Smith et 

al., 2014). Additionally, HCV also unravel a great level of molecular diversity and till now 

HCV genotypes are characterized into 67 provisional subtypes (Yang et al., 2018). The 

large open reading frame (ORF) of HCV consists of 3000 amino acids, which are 

responsible for the production of ten viral proteins. The encoded viral proteins are divided 

into structural and non-structural proteins. Core HCV proteins along with E1 and E2 are 

structural proteins and P7, NS2, NS3, NS4A, NS4B, NS5A and NS5B are non-structural 

proteins (Scheel and Rice, 2013). Molecular weight of structural protein is approximately 

21kDa and is comprised of total 191 amino acids. The core protein is involved in 

modulating cell proliferation, gene transcription and metabolism interference resulting in 

oxidative stress, which may further progress towards hepatocellular carcinoma. The HCV 

proteins: E1 and E2 facilitate viral entry into the cell, whereas P7 proteins are responsible 

for the formation of ion channels and assembly of the virus (Sohail et al., 2018).  HCV 

NS3 protein is a serine protease, involved in the cleavage of viral polyprotein at various 

locations, while NS5B plays a significant part in the replication of virus (Scheel and Rice, 
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2013). Life cycle of HCV starts with entrance, into host cell, using a complex series of 

events which are initiated at hepatocyte entry and fusion. Initial attachment of the HCV 

E2, to its corresponding receptor is enabled by heparin sulfate proteoglycans, which are 

expressed on the surface of hepatocytes (Dubinsson et al., 2014; Molina et al., 2007). 

1.2. Natural history of HCV infection 

There exists a substantial evidence regarding expansion of HCV infection, as number of 

patients advancing to chronic infection that leads to cirrhosis and HCC (Tengiz et al., 

2016). Onset of acute HCV infection is silent and hence it is very difficult to decide time 

course of this infection. Therefore, transition of acute HCV infection to chronic may remain 

a sub-clinical process. HCV chronic infection is mostly associated with end stage liver 

disease (ESLD), HCC and death. Natural chronicle of this viral infection cannot be 

elaborated completely; however it is characterized by slowly progressing disease preceded 

by liver inflammation, consequently resulting in cirrhosis in 10-20% of the patients, 

remaining infected over 20-30 years of time period. After the progression to cirrhosis, the 

chance for progressing to HCC is 1-5%, while the odds for developing liver 

decompensation rise to 3-6% (Rachel et al., 2014). After hepatic decomposition risk of 

mortality increases up to 15-30%. The main hurdles in controlling HCV infection remains 

higher burden of chronically infected patients, along with the absence of vaccine. The 

treatment of HCV infection relays on anti- viral therapies. Although an anti-viral therapy 

significantly reduces risk of HCC development, prevention of HCV infection still remains 

a challenge (Sohail et al., 2018).  

1.2.1. Acute HCV infection 

This type of infection is minor and usually remains under-recognized. Acute HCV infection 

is diagnosed poorly. Initial features of acute infection are flu like symptoms, which also 

occurs in case of other viral infections. Other symptoms related to the acute HCV infection 

may include abdominal discomfort, dark urine, anorexia, jaundice and loss of appetite. 

Chronic HCV infection develops from acute infection which is considered a key shift in 

the course of infection though mute progression into chronic infection remain difficult to 

characterize (Lanini et al., 2019; Grebely et al., 2014). Progression from an acute HCV 

infection to a chronic may depend on immunogenetic factors, gender, mode of acquisition, 

weak immune response and HIV co-infection. A strong interferon gamma and NK cellular 
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response are considered important for recovery from this stage of infection (Kokordelis et 

al.,2014). Recovery from acute infection may result into formation of histological lesions. 

However, the significance of these lesions in acute viral infection still remains less 

understood (Morzov et al., 2018). 

 1.2.2. Chronic HCV infection 

There is a key relationship between chronic infection, HCC and ESLD that results into 

death in various populations across the globe. In the time span of 20-30 years 

approximately 10-20% of the patients develop cirrhosis which is mediated by slow disease 

conversion followed by permanent liver cell damage. Studies regarding the reports suggest 

that the progression rates to cirrhosis can vary from 2% to 51% (Pol et al., 2018). Lacks of 

proper and timely diagnosis remain a challenge in preventing disease progress. 

 1.2.3. Fibrosis progression 

In the total time span of approximately 20 years 16% of the patients, who are chronically 

infected may develop cirrhosis. Likewise, fibrosis progression rates may accelerate with 

aging (Khatun and Ray, 2019). Patients infected with HCV for 30 years may have cirrhosis 

rates 36 to 41%. Factors like immune therapy, HIV co-infection, diabetes and alcohol 

consumption have significant effect on the fibrosis progression. Similarly age and male 

gender are also one of the main factors responsible for the fibrosis progression (Khatun 

and Ray, 2019). 

1.3. HCV Life cycle  

1.3.1. HCV entry and uncoating  

Entry of HCV into hepatocytes is the major defining step, which defines HCV tropism for 

hepatic cells. After transportation of virion by blood into the liver, HCV is in direct 

interaction with baso-lateral surface of the hepatocytes that result in interaction of HCV 

with surface receptors. HCV receptors such as heparan sulfate proteoglycan syndecan-1or 

4 are responsible for the attachment of the virus to hepatic cells (Lefevre et al., 2014). The 

initial school of thought was that HCV glycoproteins binds to heparan sulfate 

proteoglycans or scavenger receptor B1 (SRB1), however, studies showed that ApoE, 

entangles contact of virus to the cell (Dao et al., 2012). The LDL receptor (LDLR) is also 

known to have a role in HCV entry; however, it can lead to potential degradation of HCV 

particles (Albecka et al., 2012). After HCV attachment, four cellular factors are necessary 
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for HCV entry, including tight junction proteins (CLDN1) (Evans et al., 2007), occludin 

(OCLN) (Ploss et al., 2009), SRB1 (Scarselli et al., 2002), and tetraspanin CD81 (Pileri et 

al., 1998). SRB1 can contribute in viral attachment using virus-associated lipoproteins; 

SRB1 has lipid transfer activity that modifies the lipoprotein of the virus leading to 

exposure to CD81 binding site on E2 glycoprotein. The exact mechanism is not known, 

however, after binding to SRB1 HCV virion is primed for CD81 binding which is a main 

contestant in HCV life cycle (Feneant et al., 2014). After attachment, the virus is 

internalized inside the cell using pH dependent and clathrin mediated endocytosis (Ploss et 

al., 2009). HCV is endocytosed using clathrin mediated processing and it is also reported 

that CD81- CLDN1 complex is adopted using clathrin-dynamin based approach (Farquhar 

et al., 2012). After virus is internalized it is conveyed to Rab5a along with stress fibers 

made of actin for the fusion to take place, subsequently viral RNA is unrestricted at the 

cytosol for the synthesis of viral protein and genome replication.  

1.3.2. HCV RNA translation and replication  

Translation and replication of HCV is carried out by various cellular and viral factors, as 

the HCV genome is comprised of large ORF enclosed by 5’ and 3’ UTRs. These UTRs are 

crucial for viral genome replication (Lohmann, 2013). Both host and HCV proteases are 

responsible for the processing of polyprotein into ten individual proteins such as core, E1, 

E2, p7, NS2, NS3, NS4A, NS4B, NS5A, while NS5B is responsible in conversion of 

positive ssRNA into negative ssRNA (Ganta et al., 2019). Newly generated genomes are 

translated and can also serve as basis for RNA multiplication followed by virion assembly. 

A hepatocyte RNA named as miR-122 employs Argonaute 2 to the 5’ end of the HCV 

RNA that helps in stabilizing the RNA along with protection from exonucleases (Li et al., 

2013).  

Higher degree of reorganizations takes place in membrane to form a microenvironment 

known as membranous web. These are vesicles those have a diameter of 150 nm and are 

present when viral RNA is replicating (Romero et al., 2012). The NS5A protein can only 

induce (double membrane vesicles) DMVs. None of these mentioned proteins can alone 

induce membranous web structure. There are many factors/parameters that can affect viral 

replication and translation.  

1.3.3. HCV assembly and release 
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The viral assembly starts with the release of the genome and contact with core viral protein 

forms virion capsid. The core protein is located on the outside of ER membrane. Assembly 

is initiated in cytosol, before maturation and the viral particle release occurs by transporting 

newly produced particles through crossways of ER periphery into hepatic cells (Vieyres et 

al., 2013; Merz et al., 2011). The HCV assembly is accomplished in two phases: the 

initiation phase in ER cytosol and the maturation phase in the luminal periphery of ER. 

Different studies have reported cytosolic storage organelles known as LDs and the VLDL 

assembly pathway, which take place in the lumen of ER and are one of the major 

contributors in the HCV virion assembly. The newly produced viral particle buds into the 

secretary pathway and are released as lipoprotein coated virus at the cell surface and is 

ready to infect new cells (Vieyres et al., 2013; Merz et al., 2011; Jones et al., 2010). 

1.4. Global epidemiology of HCV infection 

1.4.1. Frequency rates 

Due to the poor management and surveillance system around the globe, it is hard to 

estimate HCV burden globally. HCV infection is prevalent in Central and East Asia along 

with Middle East and North Africa, as HCV accounts for more than 3.5% infections in 

these populations. European countries, Switzerland, Germany, Sweden, France, United 

Kingdom and Denmark have frequency rates of less than 1% (Lanin et al., 2019).  

Seroprevalence rates in north and Latin America were found to be less than 1.5%. Studies 

suggest that people who migrated from Asia and Africa make up considerable proportion 

of HCV infections in Europe and US (Umer and Iqbal, 2016). Prevalence rates in Middle 

East and North Africa were accounted to be 15 million followed by Southeast Asia, 11 

million, and 10 million in Western Europe. About 20-40% of these infected patients 

recover spontaneously (Thrift et al., 2016). HCV prevalence rates in Egypt are higher than 

14%, which makes it a country with the highest prevalence rates (Guerra et al., 2012; 

Mohamoud et al., 2013). In Asia the frequency of HCV is higher than 2% and the rates 

may differ among different countries. In the current scenario, Mongolia has the maximum 

rates of prevalence, which is more than 10%, followed by Uzbekistan with prevalence rate 

around 6% of the total population (Lavanchy, 2011). 
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1.4.2. Prevalence rates in Pakistan 

A number of important studies have advanced our understanding of the epidemiology of 

HCV in Pakistan over the last decade.  In 2007- 2008, an inclusive nation-wide survey was 

carried out to estimate HBV/HCV prevalence. (Arshad and Ashfaq, 2017; Qureshi et al., 

2010; CDC, 2011). Five sentinel sites were established, one in each of the four provincial 

capitals and in Islamabad. Data from these sentimental sites may not be sufficient due to 

limited access to rural areas, having higher incidence rates for HCV infection. Moreover, 

this national surveillance was only limited to screening of healthy patients. Previous data 

regarding HCV prevalence in Pakistan has been reviewed thoroughly (Khaliq et al., 2018; 

Waheed et al., 2009; Bostan et al., 2010; Umar et al., 2009). Numbers of studies were 

conducted regarding the status of HCV in Pakistani population. These reports have added 

the data related to remote areas such as Azad Kashmir (Abbas et al., 2009) and Baluchistan 

(Ahmad et al., 2012; Khan et al., 2013). These studies also show that there is much work 

to be done regarding analysis and integration of newer studies in comprehensive manner, 

particularly to manage and design important strategies to prevent further infections in 

Pakistani population. 

1.5. HCV genotype prevalence  

HCV genotype distribution across the globe shows that prevalence of genotype 1 was 46% 

that makes it the most common genotype across the world, whereas the prevalence of  other 

HCV genotypes, such as G3, G2, G4, G6 and G5 were found to be  22%, 13%, 13%, 2%, 

1% respectively. Untypable or mixed genotypes are reported to be present in 3% of the 

total prevalent genotypes (Yang et al., 2018).  Among these, genotypes, G 1b was the most 

prevalent genotype accounting for 22% of the total infections. Significant differences 

among the prevalence of subtypes were observed in Pakistan. In Europe, Latin and North 

America, the prevalent genotype were G1 (62-71%) with G1b responsible for 50%, 39% 

and 26% of all the HCV infections respectively (Guerra et al., 2012; Gower et al., 2014). 

Due to higher prevalence rates of G4 in Egypt, the total prevalence of G4 in Middle East 

and North Africa was 71%. The dominant genotype in Asia is G3 39%, preceded by 

genotype 1, up to 36%, which is mainly determined by HCV distribution in Indian and 

Pakistani populations. G1b was also found responsible for the 25% of total infected 
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population. Australia was dominated by G1 53% proceeded by G3 39% (Gower et al., 

2014).  

1.6. Transmission and prevention 

Transmission of HCV with blood transfusion or other associated utilities were responsible 

for HCV propagation in patients before HCV discovery and identification. HCV diagnosis 

using anti-HCV antibody detection had diminished the risk of HCV spread via transfusion 

in developed countries like USA and Europe. Transmission of HCV via blood transfusion 

is a major route that allows HCV to transmit from one person to other and still remains a 

problem in developing countries (Coppola et al., 2019). Intravenous drug injections, reuse 

of injecting needles are main source of HCV transmission (Cornberg et al., 2011). Parental 

transmission from mother to a child occurs in about 2-8% of the mono-infected mothers, 

the transmission may also be more prevalent in HIV co-infected mothers (Prasad et al., 

2013). HCV sexual transmission in monogamous heterosexual couples is very unlikely 

(terrault et al., 2013). HCV vertical transmission is another important challenge in terms 

of viral infection (Pybus et al., 2009). Human Immune deficiency Virus (HIV) and HCV 

both share a common route of transmission and consequently, co-infection with these 

viruses can occur (Prasad et al., 2013). This condition results in 20–30% of the total 34 

million HIV infected patients, co-infected with HCV. Co-infection of HCV with HIV has 

become one of the major reasons for higher mortalities among infected patients (Martin et 

al., 2013; Operskalski, et al., 2011). Chronic infection with HCV is prevalent in patients 

co-infected with HIV (Operskalski, et al., 2011). 

1.7. Diagnosis of HCV infection 

Defining a proper HCV treatment and consultation for HCV infected patients, it is 

necessary to properly diagnose this infection. Most of the HCV affected patients do not 

show any symptoms, yet may have HCV viraemia albeit normal serum ALT levels. 

Therefore, molecular methods of diagnosis should be preferred over clinical (Galli et al., 

2018). Viral separation and propagation of antigens and RNA are direct methods for 

detection whereas, the indirect methods include detection of antibodies like IgM for acute 

and IgG for chronic HCV infection. It is also known that anti-HCV IgM is not detected in 

50%-93% of acutely infected patients and 50% to 70% of chronically infected patients 

(Sagnelli et al., 2003). However, currently HCV isolation and culturing is not well 
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developed and anti-HCV IgM is not dependable indicator for HCV detection. In routine 

diagnosis of HCV, viral RNA, core antigens and anti-HCV antibody are reliable parameters 

(Tillmann, 2014).  

1.7.1. HCV detection using anti-HCV 

Serological analysis includes detection antibodies and confirmatory tests.  

1.7.1.1. Screening test: ELISA 

Third generation ELISA kits are used in diagnosis of HCV infection, which is based on the 

detection of antigens. Detection rates for 3rd generation EIA are 98.9% with specificity of 

100% in patients with chronic infection (Li and Lo, 2015). ELISA based methods are easy 

to use, relatively cheaper and can be done by automation to process higher numbers of 

samples and are usually recommended for HCV testing. However, are not recommended 

for infant testing, as they might show reactivity because of maternal antibodies (Mack et 

al., 2012). Food and Drug Administration (FDA) USA recommended several antibody-

based assays for the diagnosis of HCV infections. Fourth generation EIA is currently 

available and can be used for the detection of anti-HCV antibodies (Mack et al., 2012).  

1.7.1.2. Screening tests: Rapid point-of-care tests (POCTs) 

The POCTs are rapid direct tests and are carried outside laboratory. They are used to 

diagnose anti-HCV antibodies by great specificity and sensitivity (Scalioni et al., 2014). 

Such tests can detect antibodies in specimen like finger stick, serum, plasma, whole blood, 

oral fluid and venipuncture. These methods can be used in settings which lack facilities. 

These tests are inexpensive, easy and quick to produce results (Lee et al., 2010).  

1.7.1.3. Confirmatory tests  

Recombinant immuno-blot assays (RIBA); RIBA are employed to approve anti-HCV 

presence in patients, who are already positive by EIA (Martin et al., 1998). This assay can 

use recombinant proteins and peptides from NS4A, NS4B, NS5A, NS3 helicase and E2 

hyper variable region. Due to higher specificity and sensitivity of EIAs, RIBA are no longer 

needed and are carried out in specified diagnostic setups (Alborino et al., 2011). These 

serological tests can detect anti-HCV antibodies; however they are not able to differentiate 

between past and present HCV infections. Nucleic Acid testing can be used to detect viral 

genomic RNA and serves as a better confirmatory tool (Alborino et al., 2011).  
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1.7.2. Detection of HCV RNA  

Nucleic acid amplification can be of different types, such as signal amplification, target 

amplification and probe amplification. Presence of HCV RNA in the sera is one of the most 

reliable markers for HCV infection. RT-PCR is the most widely used method (Arshad et 

al., 2019; Mack et al., 2012; Saludes et al., 2014). WHO standardized the titer of HCV 

RNA in terms of International Units (IU) (Pawlotsky, 2002).  

1.7.2.1. Qualitative Diagnosis of viral RNA  

These assays are based on target amplification by reverse transcription (RT-PCR) or TMA. 

Reverse transcription of the viral RNA is carried out using the reverse transcriptase enzyme 

that results in the formation of complementary DNA (cDNA). These products are 

visualized using probes by hybridization method. HCV 5’ UTR is employed in the 

qualitative detection HCV infection (Saludes et al., 2014). 

1.7.2.2. Quantitative detection 

FDA already approved many assays for the quantitative detection (Albertoni et al., 2014). 

The most suitable method for quantitative detection is RT-PCR. However, not all 

genotypes of HCV can be detected using RT-PCR (Chevaliez et al., 2013). Antibodies 

against HCV are developed after several weeks of infection; therefore a positive anti-body 

test can be used after RT-PCR diagnosis. It is important to note that level of HCV RNA 

does not reflect severity of liver damage neither does it confirm cirrhosis and HCC 

(Pawlotsky, 2010).  

1.8. Associated risk factors  

Different risk factors can be related to HCV infection which may increase chance of HCV 

infection. Use of syringes, intravenous drug use, blood transfusions, hospitalizations, 

barber visits, surgery and dentist visits are the major risk factors for HCV disease (Manns 

et al., 2017). Transmission of HCV via sexual activity is unlikely but still one of the main 

risk factors for the homosexual men (MSM). Studies have reported that there is a co-

relation of HCV infection and poverty, drug use and having a higher number of sex partners 

(Zibbell et al., 2015). 

1.9. Immune responses against HCV infection  

As a hepatotrophic virus, the host range of HCV is restricted as it can only cause infection 

in human and chimpanzee Protection against viral RNA can be conferred by factors like 



Introduction and Literature Review 

10 
 

RIG and MDA5 (Hiet et al., 2015). Activated pattern recognition receptors (PRRs) can 

lead to interferon secretion, which are involved in the anti-viral host response that could 

lead to the HCV suppression (Shi et al., 2017). Productions of type I and type II interferon 

can cause stimulation of natural Killer cells (NK) that can kill infected hepatocytes. The 

hepatic APC consists of DCs and kupffer cells and are responsible for HCV destruction, 

and to deliver HCV peptides to CD4 T and CD8 T cells (Shata et al., 2006; Shi et al., 

2017). Studies show HCV directed CD8T cells responses are key factors in determining 

the outcome of HCV infection. It has been known that vigorous CD8T cell response lead 

to self-limiting HCV infection and in contrast weak CD8T cells responses can result in 

chronic HCV infection (Lechner et al., 2000). The HLA-A3, B-27 and B-27 are known to 

be involved in clearance of virus that confirms CD8T cells have a significant role in 

defining the follow-up of acute HCV infection (Shin et al., 2016).  

1.9.1. Innate immune responses 

These responses are activated by the recognition of PAMPs by PRRs. A Pathway 

responsible for PRR-mediated signaling was reported recently (Brubaker et al., 2015). In 

addition, HCV can be recognized by NLRs, TLRs or RLRs depending upon type of cells 

encountered by HCV. In plasma-cytoid, dendritic cells (pDCs) TLR7 acts as PRR for HCV 

PAMP, responsible for the production of interferon in pDC, co-cultured with infected 

hepatocytes (Xu et al., 2016). Cell to cell contact is required between pDCs and 

hepatocytes in order to produce IFNs exosomes (Dreux et al., 2012).  

After phagocytosis of HCV particles, in phagocytic cells, HCV genome is detected by 

TLR7 that results in stimulation of pro- IL- 1b and pro-IL-18 transcription (Negash et al., 

2013). Along with phagocytic uptake of HCV particles are delivered to macrophages by 

exosomes. The common receptors for HCV are RLR like RIG-I and MDA. Despite their 

similarities in sequences and signaling adaptor MAVS, both act differently in recognizing 

PAMP (Kato et al., 2008). In contrast, RIG-I can detect 5’ triphosphate present at the end 

of dsRNA along with the ssRNA hairpins. The C terminal domain of both MDA5 and RIG-

I is involved in ligand selectivity (Wu et al., 2013).  

The PRR was initially identified for binding HCV in the liver cells. When a 3’UTR or full 

length HCV genome gets transfected into hepatocytes, it was noted that they were bounded 

by RIG-I and induce production of interferon (Uzri and Gehrke, 2009). The mechanism of 
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RIG- I to induce IFN signaling was difficult to elaborate as the HCV encoded NS3- 4A 

serine protease was responsible for the cleavage of MAVS thus halting activation of IFN 

signaling (Xu et al., 2016). In order to solve this query Huh7 cell lines were generated 

which expressed the mutant MAVS. The mutated MAVS was NS3-4A cleavage resistant 

and allowed interferon production after HCV re-infection. Study revealed that MDA5 has 

a vital function rather than RIG-I (Cao et al., 2015). Studies have also shown that both type 

II interferon and type I can inhibit HCV replication with cure rate of 80% of the total 49 

chronically infected patients receiving therapy for HCV. The precise mechanism by which 

IFN inhibits viral replication is still unknown (Xiang et al., 2015). A number of interferon 

stimulating genes (ISGs) are induced during HCV infection and have been known to show 

their inhibitory effects on HCV, apart from these, some additional innate immunity factors 

are also responsible for controlling HCV infection (Chen et al., 2014).  

Inhibition of HCV replication is mediated by a vital component known as cholesterol-25-

hydroxylase (CH25H) (Anggakusuma et al., 2015). The 25HC is involved in immune 

regulation and is critical in lipid biosynthesis; in addition, it can also perform a vital role 

in inflammatory signaling, immune cell migration and antibody production (Simon, 2014). 

HCV infection can lead to the expression of CH25H in hepatocytes (Chen et al., 2014; 

Anggakusuma et al., 2015). CH25H can have a direct anti-viral activity against many 

enveloped and non-enveloped viruses. The exact mechanism involving CH25H and virus 

interactions is not completely understood, although CH25H halts virus replication by 

delaying the membrane fusion (Liu et al., 2013). 

1.9.2. Adaptive immune responses  

Disease outcome in HCV infection is directed by genetic factors encoding immune 

response against HCV. Chimpanzee models have shown that CD4 and CD8T cell 

interactions are necessary for protection against infections. The level of both CD4 and 

CD8T cells seem to be the driving force in progress towards spontaneous recovery against 

viral infection (Prieto et al., 2017). Progression towards chronic infection is mediated by 

the sequestering of CD8T cells into liver and non-availability in peripheral circulation. 

During acute HCV infection, CD4T cells can be detected but when there is a progression 

towards chronic infection, they tend to diminish (Prieto et al., 2017). In the mean while, in 

chronic HCV infection, HCV specific CD4T and CD8T cells can be elaborated by 
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manifestation of some indicators which include T cell immunoglobulin and mucin domain 

(Tim-) 3 and cytotoxic T lymphocyte-associated antigen-(CTLA) 4. The production of key 

cytokines like interferon (IFN)-γ, degranulation marker CD107a and tumor necrosis factor 

alpha, can further prevent differentiation of CD127-positive memory T cells (McKinney et 

al., 2016). Studies have shown that this phenotype cannot be regressed using different 

checkpoints inhibitors specifically directed against PD-1 (Bengsch et al., 2016). 

Continuous disclosure to higher loads of virus can result in diminished coding of PD-1. In 

addition, CD25, CD4 and Treg cells are known to suppress immune responses in HCV 

infection (Franzese et al., 2005). 

The Treg cells are able to suppress CD8T cell responses even after spontaneous resolution 

of infection (Kondo et al., 2006). Treg cells are also known to suppress the IFNγ secretion 

by HCV specific CD8T cells, which indicates the function of Treg cells in defining the 

clinical outcome of HCV infection. This property is known to be conserved in those cells 

which exist in hepatocytes of chronically infected patients (Sugimoto et al., 2003), 

additionally these cells have higher expression levels of CD69 in absence or presence of 

αEβ7 integrin (CD103) respectively. This cell population consists of mixed numbers of γδ 

T cells and mucosal-associated invariant T (MAIT) cells. In HBV infected patients number 

of Trm CD69 and CD103 is amplified presenting 20% of the total memory CD8T cells. 

This population of cells can express higher PD-1 levels (Pallett et al., 2016; Prieto et al., 

2017).  

1.9.3. HCV immune evasion strategies  

Recognition of HCV RNA by RIG-I or MDA5 presents a continuous danger to HCV (Du 

et al., 2016). In order to counteract interferon regulatory factor (IRF3); activation initiated 

by RIG-I/MDA5, HCV protease NS3/4a performs a dual role. Along with cleavage of viral 

proteins, these proteins are responsible for the cleavage of adapter proteins known as 

MAVS, which is a key player in RIG-I or MDA5 mediated signal transduction (Li et al., 

2005). Viral proteases NS3/4a can also cleave TRIF which is mediator of TLR3 and is 

responsible for identification of dsRNA in endosomal compartments and hence prevents 

type I and III IFN production (Okamoto et al., 2014). NS3 is also known to associate with 

bind tank binding kinase (TBK) 1 and thus stopping IFN induction. To antagonize the 

paracrine IFN, the core protein of HCV is able to circumvent JAK/STAT signaling cascade 
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by openly binding to STAT1 and pNS4b preventing its phosphorylation and activation 

(Yao et al., 2005). The NS4b HCV protein can also inhibit type I interferon induction by 

targeting the TBK1 activation (Ding et al., 2013). Moreover, hepatitis C virus owns an 

elaborated structure for counteracting any host responses by sensing and avoiding 

detection. The whole HCV replication complex is enclosed in a membranous mesh and 

helps as a shield for the HCV particle against host defenses. This double membranous web 

can prevent the entry of PRR and blocks signaling (Neufeldt et al., 2016).  

Other viral proteins like NS5a can reduce ISG expression by associating with 2, 5 OAS. 

The viral protein NS5a can also bind MyD88 and can block TLR mediated immune 

response along with PKR (Han et al., 2002; Tsutsumi et al., 2017). NS5b viral protein has 

polymerase activity but lacks the proofreading ability and can result in introduction of 

mutation in viral genome, that consequently are responsible for the development of viral 

quasispecies, a replication competent virus (Echeverria et al., 2015). Similarly changes in 

major histocompatibility complex I and II epitopes also result in loss of immune system 

ability to react (Sagnelli et al., 2004). HCV can also avoid the humoral immune response 

by using distinct suppressing cascades. HCV virion can also egress using cross-tight 

junction and infecting the nearby cells. This eliminates the risk of antibody encounters and 

neutralization. The exact mechanisms are unknown; however cellular lipids and 

glycosylation patterns shifting were suggested to be involved in this whole process (Gondar 

et al., 2015; Pantua et al., 2013). 

1.10. HCV infection Treatment 

The main goal of HCV treatment is to cure HCV infection, preventing disease progression 

and attaining sustained virological response (SVR) in the infected patients. SVR is defined 

as HCV RNA levels < 15I U/mL in the patient serum after completion of 12-24 weeks of 

antiviral therapy (Meer et al., 2012). Classical therapy for HCV included interferon and 

ribavirin for 48 weeks. For almost a decade pegylated interferon in combination with 

ribavirin was the basis for treating HCV infections (Poenisch et al., 2010). It has been 

reported that IFN-α therapy is known to rescue poly-functional CTL which are HCV 

targeted and can persist to one year even after discontinuation of anti-HCV therapy (Badr 

et al., 2008). Due to lower SVR, associated side effects and longer therapy time, alternative 

therapeutic possibilities were searched (Poenisch et al., 2010). Investigations regarding life 
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cycle of HCV has helped in understanding and progress in drug development such as  

protease inhibitors (PI) a drug that targets NS3/4A protease, and NS5B RNA-dependent 

RNA polymerase (Poenisch et al., 2010; Scheel and Rice, 2013). In 2011, the first DAAs 

tested were boeceprevir and telaprevir against HCV genotype 1 that resulted in the 

increased SVR. The viral protease inhibitors such as simeprevir (SIM) recommended for 

genotype 1 infected patients showed high effectiveness. Regimens for HCV genotypes 2 

and 3 are also used and are comprised of RBV and SOF (McHutchison et al., 2009; 

Powdrill et al., 2010). HCV has high replication rate of 1012 copies per day. The viral 

replication protein known as NS5B, is a RNA-dependent RNA polymerase (RdRp) that 

lacks the proof reading activity with higher error rates and resulting in viral quasispecies 

production.  

These viral quasispecies have less ability to replicate in comparison to wild type virus; 

however, when there is selection pressure due to anti-HCV therapy, number of wild type 

viruses’ decreases and these viral quasispecies gain replication fitness. Viral genome 

mutations lead to the modifications of structures and sites on which DAAs act, hence 

resulting in the resistance to DAAs. There is no available anti-HCV vaccine that prevents 

HCV infection. HCV vaccine development is hindered by many factors including HCV 

immunobiology and host immunogenetics. Anti-HCV therapy might also need a multidrug 

approach to treat HCV infections (Sentandreu et al.,2008; Jazwinski et al., 2011). In vitro 

cell culture system development for HCV had greatly contributed to escalation in desiging 

anti-HCV agents and some of the newly discovered agents are already in clinical trials 

(Bartenschlager et al., 2013).  

1.11. Host Genetic factors associated with HCV infection  

There are various agents involved in the establishment of viral infection, disease 

establishment and progression towards further HCV related disease outcomes. The most 

important factors in this regard are HCV genotype along with the host genetic background 

(Ellwanger et al., 2017). The immunogenetic profile of the host decides how an infected 

patient deals with HCV infection. In addition to that some environmental factors are also 

involved which reflect the outcome of the HCV infection (Ellwanger et al., 2017). Studies 

regarding the immunogenetic clearance of HCV in infected patients might be influenced 

by type I interferons. Single nucleotide polymorphisms in these genes along with those of 
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innate and acquired immune system can define the molecular signatures for understanding 

HCV immunology (Buchanan et al., 2015). Genetic polymorphism in the genes of immune 

system is very important in context of HCV disease outcomes. Here in we discussed the 

different immune system genes and possible part in defining HCV fate related outcomes. 

Epidemiological factors can also play an important role in HCV infection outcome; factors 

like human immunodeficiency virus (HIV) co-infection, gender, age and ethnicity can 

determine the HCV related disease outcomes (Matsuura and Tanaka, 2015). 

There is clear difference in the individual ability to define the viral infection outcome and 

it has been noted that it is not the virus alone responsible for HCV infection or therapy, as 

the immune system has key role to play, even if the population is epidemiologically 

homogeneous (Sun et al., 2015). Similarly, once chronic HCV infection is established the 

immune system of the host is responsible for the liver damage as HCV is non-cytopathic 

for the hepatocytes. One of the major hurdles in understanding HCV and immune responses 

interplay is the lack of animal models or culture systems except humans and chimpanzee. 

HCV infection can lead to activation of interferon genes which play key role in responses 

to viral infection (Heim et al., 2014; Matsuura and Tanaka, 2015). Similarly polymorphism 

in the interferon-induced genes, like: RNA dependent protein kinase (PKR) 2-5-

oligoadenylate synthetase (OAS- 1) and myxovirus resistance genes can also play a key 

role in HCV infection outcome (Knapp et al., 2003). 

TGF-beta 1 gene polymorphism also have been reported to influence HCV infection 

outcomes and HCV fibrogenesis (Westbrook and Dusheiko, 2014). Genome wide 

association studies (GWAS) have led to the identification of polymorphism in the 

interferon-I3, I4, also known as interleukin -28B (IL-28B). IL-28B is present on 19q13.13 

and was found to be one of the main determinants of response to anti-viral therapy in shape 

of pegylated interferon (PEG-IFN) along with ribavirin (Prokunina et al., 2013). 

1.11.1. The HLA system  

The HLA (Human Leukocyte Antigen) cluster located on chromosome 6p21 comprises 

many genes involved in immunity like HLA and tumor necrosis factor alpha (Crux et al., 

2017). After its discovery in 1958 (Thorsby, 2009), Human leukocyte antigen (HLA) is 

known to be one of the most important host genetic factors associated with infectious 

disease susceptibility. HLA plays an important role in fine-tuning immune pathways. Host 
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genetic factors are capable of differentiation among “self” and “non-self” antigens and are 

distributed into three classes  class I, II and III (Hudson et al., 2016). HLAs are one of the 

most polymorphic genes studied in human genome, which results in the coding of large 

number of functional peptides (Robinson et al., 2015). 

The increased level of polymorphism in the MHC region can be one of the tools to combat 

a large number of microorganisms; however it may also lead to certain complications like 

surging the possibility of autoimmune diseases (Trowsdale et al., 2013). Investigation of 

HLA allelic polymorphism is crucial to understand potential relationship between HCV 

infection and HLA association, like HLA- B27 that plays its role on the generation of CD8T 

cell responses, which are specific against HCV and directed against a single viral epitope 

(Shin et al., 2016). Immune system cells CD94+T cells are triggered by attachment of T 

cell receptors (TCR) to the peptides, which are presented by Human Leukocyte Antigen 

(HLAs) molecules like HLA-DQ, DR and DP. Alpha and beta chains mold HLA class II 

peptide groove. The differences in peptide binding loci are due to different type of alleles 

in each individual (Yue et al., 2015). HLA class protein is divided into 3 types known as 

HLA-class I, II and III. Proteins of class I are explicated on all nucleated cells in varying 

degrees and is composed of one heavy chain and has trans-membrane and three 

extracellular domain.  

The domains are α1-3 and beta-2-microglubin, which is comprised of light chain. HLA 

class I functions by the presentation of antigens and peptides from inside the cell to TCR, 

which are present on CD8T cells which lead to immune system mechanisms and 

destruction of infected cells. This HLA interaction with KIR present on NK cell surface 

leads to inhibition of NK activity.  (Dyer et al., 2013; Li and Raghavan, 2010).The 

expression HLA class II proteins is only constrained to antigen presenting cells, their 

expression varies with type of cells and inflammatory condition or infection. Class II HLA 

molecules are comprised of α and β chains, which are expressed by the MHC cluster. Each 

chain has two extracellular domains and the distal domain act as a binding groove for 

peptides that are self or non-self peptides. 

 After binding of the HLA class II proteins with the presented peptides, proteins interact 

with CD4T helper cells for the presentation to TCR (Klein and Stato, 2014).  In human 

genome, MHC genes are considered to be one of the highly polymorphic genes. According 
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to immuno polymorphic database (IPD), the total number of alleles in class A is 6,192 and 

7,431 in class class B and 6,067 in class C. Similarly the number of alleles in DRB1, DQB1 

and DPB1 are reported to be 3,391, 1,857 and 1584 respectively (IPD-IMGT/HLA, 2017).  

This extreme allelic polymorphism can be an evolved mechanism by the human immune 

system in order to cope with large number of different antigens and peptides (Nicole and 

Elahi, 2017). A slight difference in amino acid sequence results in change of HLA 

molecules binding cleft for peptides. It is known that the α1 and α2 domains of HLA-class 

I and α1, β1 domains of HLA-class II are responsible for the higher grade of polymorphism. 

In addition, the membrane domain α3 which is proximal domain in class I and α 2 domain 

in the class II along with cytoplasmic domains and transmembrane domains have limited 

polymorphism (Wagner et al., 2012). 

HLA association with HBV and HCV infections has been a hot topic regarding disease 

severity, vaccine response and interferon therapy and has been intensively investigated 

across global population (Singh et al., 2007). Studies have indicated that HLA-DQB1-0301 

and HLA-DRB1 are responsible for the clearance of HCV infection (Hong et al., 2005). 

HLA-DRB1 member of class II beta chain paralogs family and is constituted of α and β 

chain both anchored in the membrane and play role in peptides presentation to immune 

cells.  

HLA-DRB1, β chain encoded by 6 exons are coded on macrophages, dendritic cells and B 

lymphocytes having size approximately of 26-28 kDa. Exon 1 encode leader peptide, 

extracellular domains are coded by exon 2, 3, transmembrane domain by exon 4 and 

cytoplasmic tail by exon 5. Specifications to bind to diverse peptides are result of all the 

polymorphisms restrained by DRB1 complex β chain. Linking and typing of Hundreds of 

DRB1 alleles SNP is usually carried out for kidney transplantation and bone marrow 

analysis (NCBI, 2008). The HLA class II β chain paralogs family also included HLA-

DQB1, having a heterodimer containing α and β chain both anchored in membrane.  HLA-

DQB1 plays vital role in presenting antigens to the immune cells. Both, alpha and beta 

chains of HLA-DQB1 molecule possess the polymorphism required to increase antigen-

binding specificities (NCBI, 2011). Many studies identified the association of class II 

alleles with HCV disease outcome. In many populations across the globe, the HLA-

DRB1*1101 and DQB1*0301 were reported to be associated with clearance of HCV 
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infection (Scotio et al., 2003; Harris et al., 2008). In Irish and USA cohorts DRB1*01 and 

DQB1*0501 alleles were also found to be associated with HCV clearance (McKiernan et 

al., 2004; Wang et al., 2009).  

 In mixed European, Polish, Irish and Thai populations HLA- DRB1*0701 was found to be 

associated with viral persistence (Wawrzynowiczet al., 2000) while opposite relationship 

of HLA-DRB1*0301 had already been reported in European and Asian populations (Yoon 

et al., 2005). These results show that the allelic distribution and its association with HCV 

disease outcome are dependent on the ethnicity of the analyzed population. A genome wide 

scan analysis conducted in European and African patients by Duggal et al 2013 reported 

that the HLA-DQB1 allele rs4273729 and IFNL4 allele rs12979860 were independently 

associated with spontaneous clearance (Duggal et al., 2013). Similarly another GWAS 

conducted in Japanese cohort consisting of 481 CHC patients and 2,963 healthy patients. 

They reported that the intronic region SNP rs9275572 was related to chronic viral disease. 

They also performed genotyping of HLA-DQA1 and HLA-DQB1 alleles and they found 

that these alleles were associated with protection against chronic viral infection (Miki et 

al., 2013).  

Matusura and Tanaka performed genotyping of HLA- DRB1 and HLA-DQB1 in a GWAS 

that reported that rs8099917 non-TT allelic homozygosity was related to stubborn viral 

infection. Similarly they also reported HLA-DQB1 03:03 were allied to spontaneous 

clearance in patients with HCV (Matsuura et al., 2016). Studies have reported that during 

chronic HCV infection the serum levels of the classical Ia molecules are elevated as 

compared to the controls. These levels are expected to further increase during IFN 

treatment and return to normal levels after the cessation or end of therapy (Murdaca et 

al., 2017; Puppo et al., 2000).  

Determination of levels of these soluble markers during IFN treatment could be a useful 

predictor for the HCV infection as a study reported that the levels of sHLA-G were higher 

in the serum of those patients who were positive for chronic HCV disease (Wenget al., 

2011). Polymorphism in these classical and non-classical genes can really determine the 

fate of HCV disease outcomes in infected patients. Due to its major role in 

immune stabilization single nucleotide polymorphisms in these gene can serve as predictor 

for anti-viral therapy responses (Murdacaet al., 2017). Of all these classical and non-
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classical molecules HLA-B is the most widely investigated in the context of HCV infection. 

Alleles of HLA class I specifically HLA-B are known to have protective effects in Irish 

women cohort who were believed to be infected by HCV genotype 1 (McKiernan et al., 

2004).  

In contrast, these associations were not found to be linked with HCV disease in German 

cohort consisted of genotype 1b infected women contaminated via anti-rhesus D 

immunoglobulin (Ziegler et al., 2013). Study conducted by Neumann-Haefelin et al. 

showed that HCV genotype 3a peptides are not recognized CD8T cells in developed cell 

lines and hence the consequences of HLA B*27 are restricted to genotype 1 only 

(Haefelinet al., 2010). These associations were also confirmed in US population, however 

they were not found in Easter German patients (Haefelinet al., 2010).  

Genotype specific variations in the HLA-B*57 restricted epitopes against both HCV 

genotype 1 and 2 can result in increased recognition of the viral epitopes along with the 

subsequent clearance of the virus among the patients who are carrying HLA-B*57 genotype 

(Kim et al., 2011). Proteosomal cleavage is responsible for the generation of viral epitopes 

which are then transported to endoplasmic reticulum and are loaded to HLA class I. Along 

with HLA- class I genes, a non-synonymous mutation in Tapasin gene was also associated 

with protection against HCV infection. This non-synonymous substitution was present in 

the exon 4 of the Tapasin gene. This protection was found to be present in European but 

not in US populations (Ashraf et al., 2013). A study reported strong association of HLA 

class I allele A*03 with the viral clearance however, this effect is not replicated in 

independent patients with HCV. It is possible that the HLA-A *03 NS3 1080–1088epitope 

is immunodominant in Irish cohort and hence associated with protective effect 

(Fitzmaurice et al., 2015; Nitschkeet al., 2016). HLA class C alleles are also known to be 

related to HCV clearance and perseverance. These HLA-C *01 and HLA-C *04, which 

are constrained HCV definite CD8T cell ligands and were described very recently. The part 

of HLA-C single nucleotide variations may interrelate to NK cells receptors, they might 

have an important role in HCV related outcomes by communicating with NK cells rather 

than halting of HCV directed CD8+ T-cell signaling (Nitschkeet al., 2016). 
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1.11.2. Role of polymorphism in Cytokine genes and HCV infection  

Although cellular interactions are responsible for immune responses, it’s the cytokines 

microenvironment can play a very important role in immune system interactions 

(Buchanan et al., 2015). The Th1 related cytokines which includes IFN γ, tissue necrosis 

factor (TNF)-α and IL-12 can encourage robust cytotoxic T-cell cascade, while (TGF)-

β, IL- 10, IL-13 provides the adjusting environment (Buchanan et al., 2015). 

Polymorphism in the cytokines genes can affect consequence of viral infection.  

1.11.2.1. Tumor necrosis factor alpha and HCV infection  

Tumor necrosis factor alpha (TNF-α) is a pleiotropic cytokine and was identified in 1975. 

It is an endotoxin-tempted glycoprotein that can lead to the hemorrhagic necrosis of 

sarcomas transplanted into mice (Carswell et al., 1975). Human TNFα cloning was carried 

out in 1985 for the first time and it was shown that cloned TNF molecules are able to cause 

hemorrhagic necrosis of sarcomas in mice models. TNF-α is known to have important role 

in wide range of inflammatory, malignant and infectious conditions (Pennicaet al., 1985). 

 TNF is produced by T lymphocytes and active macrophages as a 26kDa protein, which is 

encoded on plasma membrane. The expressed protein is cleaved by matrix 

metalloproteinase which releases 17 kDa soluble type of TNF. The biological activities of 

both soluble form and membrane bound are distinct and these molecules are in trimeric 

forms. The TNF-alpha converting enzyme known as TACE mediates the release of TNF 

molecules from the cell periphery (Black et al., 1997). TACE can also result in release of 

proteins which are associated with the cell membrane such as receptors for TNF that can 

neutralize the effects of TNF (Wang et al., 2003). TACE can act as pro-inflammatory or 

anti-inflammatory depending upon the effectors like endothelial cells or macrophage. 

Normally TNF is not detected in healthy people but in case of inflammatory and infectious 

conditions elevated levels can be detected. Serum levels of TNF can be related to severity 

of infections (Regoet al., 2014). 

The main sources of TNF production are monocytes and macrophages; however a number 

of different cells can result in production of TNF such as NK cells, mast cells, B and T 

lymphocytes and cardiac muscles cells (Bradley, 2008). Signal transduction pathways for 

TNF are not known, but the transcriptional regulation of NF-κB is the most important factor 

for the signal transduction. Studies have shown 221 molecular associations which results 
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in the NF-κB pathway modulation (Bouwmeester, et al., 2004). Responses by TNF are 

initiated by binding of TNF to its receptors TNFR1 also known as TNFRSF1A, CD120a, 

p55 and TNFR2. These receptors are regulated on different cell types depending upon the 

condition of cell (Wang et al., 2013). 

 The TNF receptors are diverse in function as they can bind both identical and unrelated 

molecules. Mice model studies involving knockout mice have shown that TNFR1 is  

responsible for the function like cell death and pro-inflammatory pathways which are 

responsible for tissue injury. TNFR2 signaling is not well characterized however, it may 

play role in tissue repair and angiogenesis (Jones et al., 1999). The TRADD is responsible 

for the downstream signaling of TNF along with other factors like Silencer of Death 

domain (SODD), death domains (DD), and pre-ligand assembly domains (PLADs) (Chan 

et al., 2000; Jiang et al., 1999). 

 Subsequent signaling includes activation of Mitogen activated protein kinase (MAPK3K) 

along with other factors which subsequently lead to interaction with NF-κB and enters 

nucleus and results in the initiation of gene transcription (Devin et al., 2001). Single 

nucleotide polymorphism in the TNF-alpha promoter region can play an important role in 

deciding the outcomes of HCV related disease. HCV infections are investigated across the 

global population, as discussed below. The gene for TNF-alpha protein is located on 

chromosome 6 on p21.33 position. It is located between the alpha and beta lymphotoxin 

loci closer to HLA-B.  It is proposed that TNF can play an important part in HCV disease 

response (Dogra et al., 2011). TNF-α is one of the key mediator of inflammatory responses 

and critical for host defense against various pathogens. TNF- alpha regulate both innate 

immunity and inflammatory responses and regulation of this gene in pathological 

infections poses a challenge.  

1.11.2.1.1. TNF- α gene promoter 

The regulation of the gene is mainly controlled by promoter of this gene (Grandi et al., 

2014). Polymorphism in gene regulating region of TNF alpha can affect the overall 

expression and secretion of cytokine. Studies have shown that polymorphism in TNF-α 

genes affects the process of inflammation, autoimmune response, infectious diseases and 

allograft rejection (Yen et al., 2008, Schneider et al., 2004). SNP present in the respective 

genes that are responsible for the both pro and anti- inflammatory effects may help in the 
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antiviral therapy responses. TNF-α and IL-10 performs a major role in regulation of cellular 

and immune responses to HCV infection (Dogra et al., 2011).  

TNF- α is an important and potent pro-inflammatory cytokine and also acts as antagonist 

to IL-10. Well-characterized SNPs at different positions like -863, -308 and -238 have been 

shown to influence the expression of TNF- α expression (Cheong et al., 2006). These SNPs 

have been already reported to be associated with the pathogenicity of HCV acute and 

chronic infection along with viral persistence and response to IFN-α therapy (Aminiet al., 

2012; Thio, 2008).  

TNF-α gene polymorphism has shown to contain many binding sites for the factors, which 

are involved in the gene transcription, the presence of these single nucleotide variations in 

the regulatory region of TNF-alpha gene might influence the regulation of transcription of 

TNF gene. Several studies have shown that TNFA-238G/A, TNFA-308G/A andTNFA-

863C/A may be associated with hepatocellular carcinoma in Asian patients (Yang et al., 

2012). Similarly another study reported that there is no significant association was found 

between tumor necrosis factor alpha polymorphism -238 G/A and -308 G/A with the anti-

HCV treatment response in Brazilian patients (Grandi et al., 2014). 

There are a large number of studies that reported different outcomes of HCV infection and 

TNF SNPs, like TNF-308 SNP was related with hepatic fibrosis in HCV infected 

Taiwanese population (Jenget al., 2007). Barret et al (2003), reported no association of 

TNF alpha with the outcomes of HCV infection. SNP at -238 and -308 were studied by 

Hohler et al and they reported that -238 was associated with HCV outcomes while no such 

relations were found with -308 (Hohler et al., 1998). A study conducted in patients who 

were receiving anti-HCV therapy was carried out in order to determine the 

connotation of TNF-α -238 (G/A) promoter variations versus antiviral therapy outcomes. 

They found that there was a higher trend of allele of A allele in HCV infected patients, 

however, they did not find a significant association of TNFα -238 (G/A) polymorphism in 

both controls and patients (Hugo et al., 2003).  

Similarly, Yee et al found that the TNF alpha gene promoter SNPs at -238 A and -308 A 

were related to increased chances for advanced liver cirrhosis respectively (Yeeet al., 

2000). Analysis performed in Mexican patients revealed that there was no association 

between TNF alpha promoter gene polymorphisms at regions -238(G/A), -308(G/A) and 
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chronic HCV infection in 48 patients who were chronically infected with HCV (Murillo et 

al., 2010). A single cohort analysis of patients comprised of co-infected patients with HCV 

and HIV for the -238 (G/A) and -308 (G/A) were analyzed. It was reported that TNF alpha -

238(G/A) variations a major part to play in cirrhosis progression along with previously 

defined factors like age, alcohol consumption gender and immunodepression (Corchadoet 

al., 2013). 

 Another study reported that G/A transition at the promoter region of TNF alpha gene might 

be able to predict the Interferon/ribavirin therapy response in patients who received anti-

HCV therapy (Dai et al., 2006). Similarly another analysis reported that TNF alpha 

promoter gene polymorphism at -308 region is associated with fibrosis severity and 

quantitative load in infected patients (Dai et al., 2006). A meta-analysis performed 

by Zhou et al in Chinese patients to determine the relationship of TNF-238 single 

nucleotide polymorphism with cancer. It was revealed no noteworthy relationship of TNF-

238G/A variation and risk for cancer development (Zhou et al., 2011).
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1.12. Concluding remarks 

Globally, many studies have focused on the association of host immune-genetic factors 

and their outcomes in HCV infection and anti-HCV therapeutics. Such studies can 

provide insights for the future endeavors for developing anti-HCV vaccines and 

therapies. Pakistan has a multi ethnic population comprised of Pashtuns, Punjabis, 

Sindhi, Balochi and Baltistani. Seroprevalence rates of HCV in Pakistan is around 6.8% 

(Umer et al.,2016).  

HCV genotype 3a is common in Pakistani population. With such high prevalence rates 

of HCV in Pakistan, it is necessary to analyze, the host genetic backgrounds of Pakistani 

population and their association with different outcomes of HCV related disease and 

anti-HCV therapy outcomes such as peg-interferon/ribavirin. This analysis was aimed 

to investigate association of host immunogenic factors and their association with the 

outcomes of HCV infection in group of analyzed patients. The selected patient’s clinical 

and demographic information were obtained and compared with the patient genotype 

for the analyzed genes. The candidate genes selected for this investigation were: TNF-

α, HLA-DRB1 and HLA-DQB1. Tumor necrosis factor alpha gene was analyzed for 

three SNPs in the regulatory region of TNF-α gene and HCV infection outcome was 

determined in the studied group of patients. Similarly seven SNPs were analyzed in the 

HLA-DRB1 region for the studied groups of patients along with ten SNPs in the HLA-

DQB1 region. SNPs, patient’s genotypes along with haplotypes on the corresponding 

chromosomes were analyzed for the studied patients.
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2.1. Hypothesis 

Host immune response is vital for defining the outcome of anti-HCV therapy. Single 

nucleotide polymorphism in the immune system genes like TNF-α, HLA-DRB1 and 

HLA-DQB1 can influence response to anti-HCV therapy and ultimately outcome of 

HCV infection. 

2.2. Aims and Objectives  

2.2.1. Aim of this study 

To decipher role of genetic variation in TNF-α, HLA-DRB1, DQB1 genes in 

spontaneous recovery and response to interferon/ribavirin therapy.   

2.2.2. Objectives 

1. To determine demographic information of the patients along with therapy and disease 

history. 

2. To scrutinize signs and symptoms and associated risk factors for HCV infection. 

3. To determine the viral load of infected patients and disease outcomes. 

4. To determine the rate of responsiveness to interferon therapy in HCV infected 

patients.  

5.  To study association of gender based allelic and genotype variations and their role 

in HCV infection along anti-HCV therapy outcomes.  

6.  To generate genotypes and haplotypes of population under study and to compare 

these for anti-HCV therapy response and disease outcome.  

7. To establish linkage disequilibrium analysis for the above set of genes for the group 

of patients under study. 

8. To analyze the association of TNF-α gene polymorphisms and its association with 

HCV disease outcome and therapy outcome in Pakistani population. 
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9. To relate the association of HLA-DRB1 and DQB1 single nucleotide polymorphisms 

with HCV infection and therapy outcomes in Pakistani population. 
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3. Study design 

3.1. Ethical approval for the study 

Ethical approval for this study was granted by the Institutional Review Board (IRB) of the 

Department of Microbiology, Quaid-i-Azam University, Islamabad (#Micro/2016/1027). 

Necessary guidelines were followed in the light of Helsinki Declaration. 

3.2. Informed Consent from Patients 

Consent from all patients/guardian/parents included in this study was obtained. A proforma 

containing patient’s information e.g. name, gender, age, symptoms, risk factors and 

information regarding anti-HCV therapy was collected by direct interview of the patients. 

Additional details were also obtained regarding the status of infection where possible. 

3.3. Sampling 

For the current study a total of 245 blood samples were collected from the patients visiting 

Nuclear Medicine Oncology and Radiotherapy Institute (NORI) hospital Islamabad from 

May to September 2015. The sample size was calculated according to the following 

formula. S = Z2*p*(1-p)/M2. NORI is a public sector cancer hospital located in sector G-8 

Islamabad, Pakistan. Samples of all the patients were collected in EDTA tubes and stored 

at -20˚C. A trained phlebotomist collected two separate blood samples from each patient. 

One of the two blood samples was used for the viral RNA detection and analysis, whereas, 

the other sample was used for the isolation of human DNA and analysis of host genetic 

factors. Standard precautionary measures were followed during collection of blood sample 

from infected patients. Student himself processed all the experiments and DNA extractions 

from human samples which were used for DNA sequencing by automated DNA sequencer 

at the facility of Macrogen, New York. 

3.4. Sample tagging and storage 

All the collected blood samples were properly tagged according to the patient’s ID number 

allotted to each patient by the sample collection center. The collected blood samples were 

then tagged immediately and transferred to -20˚C to avoid any damage and deterioration 

to the samples.  

 

 

 



Material and Methods 

         28 
  

3.5. Data entry and Patient Categories  

After sampling and PCR analysis, data of the patients was entered in excel work sheet. 

Patients analyzed in this study were categorized mainly into two groups, patients that were 

receiving interferon/ribavirin for the past 24 weeks and patients that were not receiving any 

therapy. Therapy group comprised of patients receiving antiviral combination therapy with 

Pegylated IFN (180lg) once a week and ribavirin (800–1200 mg) according to the patient’s 

body mass index. The standard recommended therapy for HCV treatment is comprised of 

a subcutaneous intake of 3 MU/ml of Interferon replicating three times in a week plus oral 

intake of 10mg/day/kg of the body weight of ribavirin continued for period of 24 weeks 

(Shiffman et al., 2011; Tsertsvadze et al., 2016). Therapy group was further divided into 

two groups; responsive (R) to interferon/ribavirin and non-responsive (NR) to 

interferon/ribavirin therapy group. These groups were defined on the basis of presence or 

absence of viral RNA. Patients that had detectable HCV RNA after completing IFN/RBV 

therapy were categorized as non-responsive (NR), whereas those patients that did not have 

any detectable viral RNA after completion of IFN/RBV therapy were categorized into 

responsive (R) group. The non-therapy group was further divided into two types that 

included, chronically infected (CI) and spontaneously recovered (SR) group. Chronically 

Infected group was defined by the presence of viral RNA for at least six months with 

presence or absence of clinical symptoms (Westbrook and Dusheiko, 2016). Spontaneously 

recovered patients were defined by the fact that these patients were positive for anti-HCV 

antibody, however they were negative for HCV RNA via real time PCR and studies have 

suggested that approximately 25% of the patients usually clear the virus, whereas the 

remaining 75% progress towards chronic infection (Gunal et al., 2017; Danilau et al., 

2017). 

3.6. Quantitative PCR and Genotyping 

HCV RNA quantification and analysis was carried out by Smart Cycler II Real-time PCR 

(Cepheid, Sunnyvale, Calif. USA), using HCV RNA quantification kit (Sacace 

Biotechnologies, Milano, Italy). The bottom line detection limit was 12 IU/mL. Genotype 

analysis of HCV was carried out to determine the exact genotype linked to the infection. 

Briefly 10 µl (50ng) of HCV RNA was reverse-transcribed to cDNA using 100 U of M-

MLV RTEs (Thermoscientific, Massachusetts, USA) at 37°C for 50 minutes. About 2µl of 
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the synthesized cDNA was then used for the amplification of 470bp of HCV NCR region 

located at the 5´ end of the viral RNA. Reaction was further processed for the two second 

rounds of nested PCR amplifications with mixI and mixII set of primers (total reaction 

volume of 10µl). Mix-I had specific primer set for 1a, 1b, 1c, 3a, 3c and 4 genotypes while 

mix-II contained specific primer set for 2a, 2c, 3b, 5a and 6a (Ali et al., 2011).Viral load and 

genotypes were determined for the patients under scrutiny and data was tabulated.  

3.7. DNA extraction  

DNA from the collected sample was extracted using DNA purification kit (Qiagen, Hilden, 

Germany) and by phenol chloroform method. Each DNA Purification kit was used for the 

purification of 50 blood samples according to manufacturer’s instructions.  A total of 200 

µl of blood was mixed with 400 µl of lysis buffer that was incubated at 65°C for 5 min. 

The frozen samples were thawed before adding lysis buffer. The samples were incubated 

at 65°C for 10min with occasional inverting and shaking of Eppendorf tube. About 600µl 

of chilled chloroform was added that was inverted 3-5 times for emulsification that 

followed centrifugation step at 13,000rpm (17,900g) for 2 min. The precipitation solution 

was prepared by mixing 720 µl of deionized water with 80µl of 10X precipitation solution. 

The aqueous phase was transferred to a fresh tube and 800 µl of precipitation solution was 

added and was centrifuged at 13,000 rpm (17,900g) for 2 min. Supernatant was completely 

removed DNA pellet was dissolved in 100 µl of 3M NaCl solution, tube was vortexed to 

dissolve DNA completely. DNA was precipitated by adding 300 µl of cold ethanol and 

placing at -20°C for 10min. Samples were centrifuged at 13,000 rpm (17,900g) for 3-4 

min. Ethanol was removed and pellet was washed with 70% chilled ethanol and centrifuged 

twice at 13,000 rpm (17,900g), for 3-4 min. After washing, ethanol was discarded and 

pellet was allowed to dry at room temperature for 10min. After drying the DNA pellet, 100 

µl of TE buffer was added to suspend it by gentle vortex and stored at -20°C till further 

processing. Conventional, phenol chloroform method was used for the purification of 

human DNA for 195 patients. 

 First step of the protocol used for the purification was to take 750 µl of blood sample in a 

2ml. Eppendorf tube and 750 µl of solution A was added (Table 3.1). The sample and the 

solution were mixed by inverting the tube 4-6 times and that was kept at room temperature 

for 5-10min. Eppendorf tube was centrifuged at 13000rpm (17,900g) for 1 min. After 
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centrifugation, the supernatant was discarded and nuclear pellet was resuspended in 400 µl 

of solution A. The pellet was dissolved in the solution A by tapping several times until the 

pellet was not seen attached to the bottom of the tube. Samples were then centrifuged at 

13000rpm (17,900g) for 1min, supernatant was discarded and the nuclear pellet was 

resuspended in 400 µl of the solution B along with 12 µl of 20% SDS and 5 µl of Proteinase 

K (Thermoscientific, Massachusetts, USA), mixed and incubated at 65˚C for 3 hours or at 

37˚C overnight.  

Equal volumes (500 µl) of mixed Solution C and Solution D were added to the incubated 

samples and centrifuged at 13000rpm (17,900g) for 10min. Upper layer (aqueous phase) 

was collected into a fresh 1.5 ml Eppendorf tube and equal quantity (500 µl) of Solution D 

was added to the newly collected aqueous layer and mixed. The mixture was then 

centrifuged at 13000rpm (17,900g) for 10min. Again the aqueous phase was transferred to 

a 1.5 ml Eppendorf tube and DNA was precipitated by adding 55 µl of sodium acetate (3M, 

pH 6), and equal volume of iso-propanol or 2X volumes of ethanol. Tube was inverted 

several times, to precipitate the DNA. After DNA precipitation the samples were 

centrifuged at 13000 rpm (17,900g) for 10min and the supernatant was discarded. To the 

DNA pellet 200 µl of 70% ethanol was added and centrifuged for 7min at 13000rpm 

(17,900g). After centrifugation, ethanol was discarded and the DNA pellet was dried at 

37˚C for 20min. The dried DNA pellet was dissolved in 200 µl of 1X TE or deionized 

water. The purified DNA was stored at -20˚C for further use.  

Table 3.1. Solutions used in purification of DNA 

SOLUTION A SOLUTION B SOLUTION C SOLUTION D 

0.32M Sucrose 

10mM Tris (pH 

7.5) 

5mM MgCl2 

Autoclaved, add 

Triton X-100  

1% (v/v) 

 

10mM Tris (pH 7.5) 

400mM NaCl 

2mM EDTA (pH 

8.0) 

 Phenol Chloroform-isoamyl 

alcohol 24:1 
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3.8. Gel Electrophoresis   

Agarose Gel Electrophoresis was carried out to confirm the purified DNA. Agarose gel 

(1%) was prepared by dissolving 1g of Agarose 100ml of 1X TBE buffer by heating in 

oven for 1 min. The solution was allowed to cool down before pouring it into gel casting 

tray, containing comb for the formation of wells. The gel was left for 10 min to solidify 

and later the gel tray was placed in the BioRad Gel (BioRad, California, USA) tank 

containing 1X TBE buffer. The quantity of running buffer in the gel tank was adjusted to 

cover the surface of the gel. Samples were prepared for loading into the gel by mixing 5 µl 

of DNA sample with 1 µl of 6X loading dye (Fermentas, Massachusetts, USA). 

Thermoscientific 100bp DNA marker (Thermoscientific, Massachusetts, USA) was loaded 

as marker for determining the size of DNA. Samples were loaded into the wells, placed the 

lid on the gel tank and gel was run for 30 min at 90V. Afterwards, the gel was observed on 

UV illuminator for the presence of DNA bands. After confirmation these samples were 

transported to the Laboratory of virology and infectious disease, The Rockefeller 

University, New York for further analysis. 

3.9. DNA Quantitation 

Purified DNA was quantified using Thermoscientific Nanodrop (Nanodrop 1000 

spectrophotometer, Thermoscientific, Massachusetts, USA).  Quantity of the measured 

DNA was recorded in terms of ng/µl.  

3.10. Candidate Gene selection 

To analyze the Single Nucleotide Polymorphism (SNP) and their effect on outcome of 

HCV infection, three sets of genes in the immune system were targeted. The targeted gene 

belonged to the Human Leukocyte Antigen class II and III (HLA-Class II, III) region and 

consisted of three loci.  

1. Promoter region of Tumor Necrosis Factor Alpha (TNF-α) 

2. Second Exon of HLA-DRB1 region 

3. Promoter region of HLA-DQB1 region 

These regions were selected on the basis of their function in the immune system pathways 

as the TNF-α is a pro-inflammatory cytokine that plays its role in the regulation of 

cytokines and subsequent immune reaction (Tahan et al., 2016). Promoter region of TNF- 
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α gene control the transcription and regulation of TNF gene and hence SNPs analysis in 

the context of HCV infection and therapy is crucial to understand in Pakistani population.  

Exon 2 of the HLA-DRB1 gene codes for the extracellular domains of HLA proteins 

involved in antigen presentation. Analysis of SNPs in exon2 in the can be associated with 

response to anti-HCV therapy and infection (El-Bendrey et al., 2019). Similarly SNPs 

analysis in the promoter region of HLA-DQB1 gene can also play a vital role in defining 

the outcome of anti-HCV therapy and infection outcome IN Pakistani population (Arshad 

et al., 2019). SNPs in these genes were determined using DNA amplification and 

sequencing analysis and analyzed for the corresponding outcome of HCV infection. HLA 

cluster is one of the recombination hotspot as reported by many studies, so it would be 

interesting to investigate the patterns of allelic polymorphism in these specific genes and 

their impact on the outcome of anti-HCV therapy and HCV disease outcome. 

3.11. Primer Designing  

3.11.1. TNF-α primers 

A total of three positions were targeted in TNF-α gene and SNPs at specific regions were 

analyzed. The regions and variations selected were -238(G>A), -308(G>A) and -

863(C>A). Primers for these regions were used as previously reported by Kim et al. (2003) 

with some modifications. A pair of primers was used to amplify both -238(G>A) and -

308(G>A) regions, while a separate pair of primers was used to amplify -863(C>A) region. 

Primers used for the amplification of region of interest are given in Table 3.2. 

3.11.2. HLA-DRB1 Primers  

Single Nucleotide Polymorphisms in Exon 2 of the HLA-DRB1 region were targeted for 

the analysis of SNPs. Primers (Kaneshige et al., 1994) used for the amplification of region 

of interest are given in Table 3.2. 

3.11.3. HLA-DQB1 primers 

Primers for the analysis of SNPs in HLA-DQB1 region were designed by downloading the 

DNA sequence of HLA-DQB1 region from ensemble browser. The downloaded DNA 

sequence was analyzed in MacVector version 6 and the promoter region of HLA-DQB1 

gene was targeted for the analysis of SNPs. A single pair of primers was used to amplify 

the desired gene. The designed primers were subjected to BLAST in the UCSC genome 
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browser for complementarities within the genome at other sites than the desired sequences. 

Sequences of the selected primer used for the amplification are given in Table 3.2. 

Table.3.2. Set of primers used for the amplification of desired genes. 

Position/Gene Primers Product size 

(bp) 

-238/-308   

Forward (5’-3’) GGAGGCAATGTTTTGAGG 200 

Reverse (3’-5’) GGTTTCTTCTCCATCGATGG 

-863   

Forward (5’-3’) GACCACACATGGGTATTCG 180 

Reverse (3’-5’) GCTCTCACTTCTCAGGATGG 

HLA-DRB1   

Forward (5’-3’) GTGACGGTGTGTAGCACGTTCC 250 

Reverse (3’-5’) CCGCTGCACTGTGAAGCTCT 

HLA-DQB1   

Forward (5’-3’) TTTGAAGACACAGTGCCAGGCACTG 350 

Reverse (3’-5’) CGGCTCTGAGACAGCTGCCCTGCAC 

 

3.12. Primers optimization and troubleshooting  

Along with above-mentioned primers, some other pairs of primers were also tried to 

amplify gene of interest as incase of HLA-DQB1 and HLA-DRB1. Polymerase Chain 

Reaction was carried out for the concerned primers by using ExTaq polymerase enzyme 

along with different gradient temperatures for the primer annealing. Gradient PCR 

(LabOne thermocycler) was used for the optimization of each set of primers and various 

annealing temperatures were checked. After optimization of all the conditions such as 

annealing temperature, sample quantity and annealing time, PCR was finally carried out 

by using the optimized conditions. Each gene was optimized separately for PCR reaction.  

3.13. Polymerase Chain Reaction 

Polymerase Chain Reaction was carried out using LabOne and Biometra thermocyclers 

(Applied Biosystems, Massachusetts, USA). A total of 50 µl of the reaction mix was 

prepared for each sample. The premix consisted of 5ul of 10X PCR buffer, 1ul of 10mMol 
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dNTPs, 1ul of 50pm of both forward and reverse primers, 0.5ul (5U/ul) units of Taq 

polymerase 1ul of 50mM Mgcl2  and 5ul of 40ng/ul DNA template. The final volume was 

adjusted to 50ul reaction mixture by adding 35.5 ul PCR water 

The PCR conditions set for the reaction were as follows: 

1. Initial denaturation at 95˚C for 5min 

2. Denaturation at 95˚C for 2 min. 

3. Annealing at 58˚C for 30 sec. 

4. Initial extension at 72˚C for 2min (repeat from step 2, 35 cycles) 

5. Final extension at 72˚C for 10min. 

6. Final hold at 10˚C for indefinite period of time. 

Annealing temperature for each set of primer was different for the studied genes. 

3.14. Agarose Gel Electrophoresis 

After PCR, samples were checked for amplification on Agarose Gel. One percent agarose 

Gel was prepared by dissolving 1g Agarose in 100ml of 1XTBE buffer. After the 

preparation and solidification of the Gel PCR amplified sample was mixed with 1µl of 6X 

loading dye that was loaded in the wells of the Gel Matrix. DNA marker, 1kb (solisbiodyne, 

Tartu, Estonia) was loaded in order to compare the size of amplicon and correct size. 

Agarose Gel was visualized on the UV illuminator (Biometra, Applied Biosystems, 

Massachusetts, USA).  

3.15. Gel Purification 

After getting the desired amplicons by PCR, products were purified from the gel. Agarose 

gel (1X) was made and the remaining 47 µl of the amplified product was loaded into the 

Gel. Gel was run for 40min at 100V; products were purified using Qiagen Mini Gel 

purification Kit (Qiagen, Hilden Germany). The final purified product was stored at -20˚C.  

The protocol for gel purification is as follows. 

1. The DNA band containing the desired amplified was excised from the gel using a 

clean, sharp scalpel. Removing the extra agarose minimized the size of excised 

Agarose gel. 
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2. The excised gel slice was weighed in a clean 1.5 ml Eppendorf tube and three 

volumes of buffer QG was added to 1 volume of gel slice. i.e. 100mg = 300µl. 

3. The tube was then incubated at 50˚C for 10 min with occasional vortexing and 

tapping so that the gel was dissolved completely. Incubation time was increased 

incase of 2% agarose gels for complete dissolution. 

4. After the gel was completely dissolved the color of the mixture was checked to be 

yellow, if the color was violet or orange then 10 µl of 3M sodium acetate was added 

to the tube containing the mixture. 

5. To the mixture, 1 volume of iso-propanol was added, i.e. 100 µl =100mg of gel. 

This step was carried out for the product size of less than 500bp to increase the 

yield of DNA fragments. For DNA fragments larger than 500bp iso-propanol was 

not added. 

6. A QIAquick spin column was placed into 2ml collection tube, and the whole 

mixture from the tube was transferred to QIAquick spin column. 

7. The column was centrifuged for 1min at 13000 rpm (17,900g), the flow through 

was discarded and the column was placed back to the collection tube. 

8. To the column 0.5ml of QG buffer was added again and centrifuged for 1 min at 

13000 rpm (17,900g), flow through was discarded and again column was placed 

into the collection tube. 

9. For washing, 750 µl of buffer PE was added. Ethanol  96-100% was already added 

to the buffer PE, the column was let to stand for 2-3min and then centrifuged at 

13000 rpm (17,900g) for 1 min. 

10. Flow through was discarded and column was again placed into the collection tube 

column was centrifuged again 13000 rpm (17,900g) for 1min. 

11. The column was transferred into a new clean 1.5ml Eppendorf tube and 50 µl of 

Elution buffer was added into the column, centrifuged at 13000 rpm (17,900g) for 

1min. 
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12. The flow through was again placed back into the column and centrifuged was done 

at 13000rpm (17,900g). 

13. Column was discarded and the purified product was stored at -20˚C. 

3.16. DNA Sequencing 

Automated Sanger DNA sequencing for each purified sample was carried out by sending 

the samples to Macrogen, New York which was analyzed further. In order to assure the 

data quality, sequencing of both forward and reverse strands were carried out. 

3.17. Sequence Analysis 

The DNA sequences were analyzed for variations by comparing with the reference 

sequence downloaded from ensemble genome browser. Sequence for each sample was 

analyzed using the reference DNA sequence and the obtained DNA sequence for each 

sample was then compared by the BioEdit software. Nucleotide variations in each sample 

were noted and identified.  

3.18. Nucleotide Peak Analysis 

Nucleotide peak analysis was carried out to fine tune variations to compare with reference 

DNA sequence. Each sample was analyzed separately.  

3.19. Reference SNP number and position on the chromosome identification 

Reference SNP number (rs number) is the number assigned to each identified SNP present 

in different databases. The rs numbers and position of our nucleotide variants were 

identified by comparison. Mutation Taster (http://www.mutationtaster.org) and ExAc 

(http://exac.broadinstitute.org/) databases were used for the identification of rs numbers 

and exact position of the nucleotide on corresponding chromosome. Sequence variant 

along ten nucleotides upstream and downstream of the variant was pasted into the mutation 

taster along with the variation and reference nucleotide enclosed in brackets. The name of 

the gene along with information regarding transcript ID and exonic or intronic information 

were entered in mutation taster. After entering the information a new window was opened 

which showed all the reported info about the SNP of interest including rs number, position, 

allele frequency and other relevant information. The rs numbers were identified for all 

SNPs except for unreported. Positions for all SNPs were identified based on the available 

information in the ExAc database.  

http://exac.broadinstitute.org/
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3.20. Generation of Maps 

After the identification of SNPs, maps were generated. For this purpose, rs number of each 

SNP was pasted in the UCSC genome browser, in the hg19 genome assembly. Clicking the 

get DNA downloaded upstream and down stream sequence of the SNP, around 30 

nucleotides both upstream and downstream were downloaded, the minimum number of 

nucleotides was 20. The reference for the corresponding gene was downloaded from the 

UCSC genome browser. After downloading both SNP sequence and the reference sequence 

for each corresponding gene, all the sequences were pasted and numbered accordingly in 

a separate word file. Once the sequence file was complete, the whole sequence files were 

subjected to BLAST in UCSC genome browser by selecting the Basic Local Alignment 

Search Tool (BLAST). A sequence identity window was generated after BLAST which 

showed the percent identity of our query sequence with the corresponding gene. The 

sequence file which has the maximum similarity index was selected; similarity index 

confirming identity of 99-100% was selected. Opening the link resulted in the generation 

of a genomic Map which showed the position of each SNP in the gene as shown in the 

HLA-DQB1 map (https://genome.ucsc.edu/). 

3.21. Allele frequencies 

The Allelic frequencies for the studied SNPs were also determined from the UCSC genome 

database. Allelic frequencies for both reference nucleotides and the variant were obtained 

from the browser. Analysis of the allelic frequencies were carried out in each studied group 

of the patients and compared to the allelic frequencies available in the UCSC database 

(https://genome.ucsc.edu/). 

3.22. Genotype determination  

Genotypes for the identified SNPs in the studied patients were also determined. Both 

forward and reverse strands of the sequenced samples were analyzed and genotypes were 

determined. Resulted genotypes were then compared with the reference studies and the 

genotypes in the genome databases in order to have a clear view of the genotype 

distributions in different subset of patients. 

3.23. Haplotype determination 

Haplotypes were constructed for all sets of genes analyzed in this study. Haplotypes were 

generated using online freely available tool Haplo2ped 

https://genome.ucsc.edu/
https://genome.ucsc.edu/)
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(http://bighapmap.big.ac.cn/software.html). A complete haplotype map along with the 

percentiles of prevalent important haplotypes was drawn. 

 3.24. Multivariate logistic regression analysis 

Multivariate logistic regression analysis for the significant SNPs was carried out and 

association was generated using Graph Pad Prism and SPSS software. 

3.25. Data tabulation and comparative analysis 

The analyzed data was tabulated in Excel sheet and comparative analysis between patient 

demographic and clinical information was done by studying the allelic and genotype 

distribution among HCV infected patients. Allelic and genotype prevalence in different 

patient groups like spontaneously recovered (SR), chronically infected (CI), recovered (R) 

and non-recovered (NR) were categorized. Patient´s gender, literacy rates, signs and 

symptoms and risk factors were compared and analyzed. HCV genotype, viral load, anti-

HCV therapy, allelic and genotype distribution of the studied SNPs of the analyzed group 

of patients was co-related. 

3.26. Linkage disequilibrium analysis  

Linkage disequilibrium (LD) analyses were carried out using online tool SNP stats. Heat 

maps and tables were generated for the analyses. 

3.27. Dominancy models generation 

Dominancy models for the analyzed genotypes were developed by using online tool SNP 

stats. 

3.28. Statistical Analysis 

Allelic and genotype frequencies for all the SNPs were compared between the responsive 

and non-responsive (R vs. NR), and between chronically infected and spontaneously 

recovered (CI vs. SR) groups of patients. Statistical analyses were carried out through 

GraphPad Prism and STATA (11.0) softwares. The significance of the differences from 

random distribution was estimated through Chi-square and T-test statistics. Yates’ 

corrected Chi-square and Fisher’s exact tests were also employed. The level of significance 

for p-value was <0.05. The magnitude of the effect was analyzed by calculating odds ratios 

(OR) at 95% confidence interval (95% CI). For multivariate analyses, logistic regression 

was performed for the both R/NR and CI/SR groups separately. Groups were coded as 

dichotomous variables and SNPs and demographic factors as independent variables. A 

http://bighapmap.big.ac.cn/software.html
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stepwise regression model was applied by including all variables and excluding the non-

significant ones.
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4. Results 

4.1. Clinical and demographic analysis of the studied patients 

A total of 245 HCV infected patients were included in this study. Patients were positive for 

anti-HCV antibody. The patients positive for HCV infection registering in hospital during 

defined period of this study were included. 

4.1.1. Gender and literacy based differentiation of the studied patients 

Gender based differentiation of the analyzed patients as follows; n=121 (49%) of the 

participants were male patients, whereas, n=124(51%) were females (Figure 1). Literacy 

based distribution showed that, n = 114(53.7%) of the male and n= 98(46.2%) of the female 

participants were literate (Table 1).  

Figure 4.1. Chart representing male and female distribution in studied patients. 
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Table 4.1. Gender and literacy based distribution of studied patients 

 

 

 

 

 

n=number of patients, S= statistically significant, p value was determined using chi square 

distribution 

4.1.2. Age intervals of the analyzed patients 

Age interval for the studied participants revealed that majority of the participants belonged 

to age group 31-40 years having prevalence rates n=76(31%) , similarly the age group 19-

30 years showed second highest rate of prevalence n=57(23%), that was followed by age 

group 41-50 years, n=54(22%). Age groups 51-60 years and 61-70 years had relatively 

lower prevalence rates, n=43(18%) and n=15(6%) respectively (Figure 4.2). Gender based 

differentiation of age intervals in studied patients revealed that male gender n=10 (67%), 

n=30 (53%) of the patients belonged to two age groups, 61-70 years and 19-30 years 

respectively. The male gender in age group, 31-40 years, 41-50 years and 51-60 years were 

n=34 (45%) n=24 (44%) and n=23 (53%). Likewise, female gender in the studied age group 

was n=30 (56%) in age group 41-50 years, followed by n=42 (55%) in 31-40 years, n=27 

(47%) in age group 19-30 years respectively. The prevalence in age groups 51-60 years 

and 61-70 years were n=20(47%), n=5(33%) (p=0.008, statistically significant) (Figure 

4.3). 

 

 

 

 

 

 

 

 

 

 

Gender Literate: n (%) Illiterate: n (%) p value 

Male 114(54) 7(21) p=0.0005, S 

Female 98(46) 26 (79) 

 Total 212 33 
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Figure 4.2. Chart representing the age intervals of the studied patients 

 

 

Figure 4.3. Age based distribution of male and female patients 
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4.1.3. Demography of included patients 

Demographic analysis for all participants revealed that most of the patients belonged to 

District Rawalpindi of Punjab province, n=90(37%) followed by Islamabad the capital 

territory n=81(33%). Participants from Khyber Pakhtunkhwa and Southern Punjab were 

n=29 (12%) each. participants from the other region of the county were n=15(6%) (Figure 

4.4). 

Fig 4.4. Demography of analyzed patients 

 

 

4.1.4. Prevalence of symptoms in studied HCV patients 

Symptoms observed in the studied patients revealed that the most prevalent symptom was 

fatigue followed by Jaundice and fever, having the rates of n=136(19%), n=117(16%) and 

n=98(14%) respectively. Prevalence rates for the other symptoms observed in this study 

like abdominal discomfort, malaise and dark urine are shown in the Figure 4.5. Symptom 

differentiation in male and female participants revealed that jaundice was the most 

prevalent symptom in male patients in comparison to females, n=70(58%) vs. n=47(38%). 

The other major symptom was fatigue, as males had the prevalence rates of n=58(48%) 

compared to females n=78(63%) respectively. Symptoms like abdominal discomfort, 

anorexia were almost comparable among male and female patients (shown in Figure no. 

4.6). Chi square distribution showed probability value of 0.172 and hence is statistically 

not significant. 
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Figure 4.5. Symptom analyses in studied HCV patients 

 

 

Figure 4.6. Analyzed symptoms in males and female patients 
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4.1.5. Risk factors associated with HCV infection in analyzed patients 

Risk factors analysis showed that the most widely distributed risk factor was injection use 

n=243(23%), followed by intravenous infusions, n=145(14%). Skin piercing and barber 

visits were also the most commonly distributed risk factors in the studied patients having 

rates of n=124(12%) and n=116(11%) respectively. Distributions for other risk factors such 

as dentist visits, surgery, hospitalization etc. are shown in Figure 4.7. 

Gender based differentiation of risk factors among participants revealed that most of the 

studied risk factors were equally distributed, however skin piercing in females was  

n=114(92%), whereas barber visits in males n=116(98%), were the most frequent risk 

factors studied patients. Distributions for the rest of the risk factors are shown in Figure 

4.8. Chi square distribution showed probability value (p) of <0.001, and hence the 

association was found to be statistically significant. 

Figure 4.7. Observed risk factors among studied patients 
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Figure 4.8. Risk factors prevalence in male and female patients 

 

4.1.6. Occupational information of the studied participants 

Data regarding the occupation of the participants was also obtained and it was found that 

the occupation was dominated by house wives, n=102(42%) belonging to females patients. 

Public servants and laborers were the second most prevalent occupation in analyzed 

patients having rates of n=43(18%) and n=25(10%) respectively. Data for the rest of the 

occupations is shown in Figure 4.9. Differences in the occupations of the studied patients 

on the basis of gender are shown in Figure 4.10. Similarly all laborer and driver participants 

were only males. Prevalence rates for other occupations like teachers, business, students 

and public servants are shown in Figure no. 4.10. Statistical analysis for association of 

occupation with infection revealed significant associations, i.e.  p<0.001. 
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Figure 4.9. Chart representing occupation of studied patients 

 

 

Figure 4.10. Gender based occupational differences among studied patients 
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4.1.7. Literacy rates of studied patients 

Literacy rates in analyzed patients revealed that most of the participants had matriculation, 

n=48(20%) followed by primary and middle levels of education having rates of n=37(15%) 

and n=32(13%) respectively. Most of the patients were literate and their literacy along with 

literacy levels are shown in Figure no. 4.11. Chi square distributions for literacy rates in 

males and females revealed probability values of <0.003 and hence found to be statistically 

significant. 

Figure 4.11. Literacy levels in studied patients 

 

 

4.1.8. Prevalence of viral RNA in in anti-HCV positive patients 

Viral RNA detection was carried out for all 245 patients, and it was found that viral RNA 

was detected in n=125 (51%) of the total patients, while 120 (49%) of the patients were 

negative for HCV RNA presence (Figure 4.14).  
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Figure 4.12. Prevalence of HCV RNA in studied patients 

 

 

4.1.8.1. Prevalence of HCV RNA in anti-HCV positive male and female patients 

Gender based viral RNA distribution revealed that viral RNA was present in n=66 (47%) 

of the studied males patients, while n=55 (53%) of the male patients were negative for viral 

RNA. Similarly viral RNA distribution in females was n=75 (53%), while n=49 (47%) of 

the females patients were negative for HCV RNA (Figure 4.15). (p=0.347, statistically not 

significant) 

Figure 4.13. Gender wise viral RNA prevalence in studied patients 
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4.1.9. HCV genotype prevalence in anti-HCV positive patients 

Due to limited availability of resources a total of n=100(40%) patients with HCV were 

analyzed for HCV genotype and it was found that out of total analyzed patient’s genotype 

3a was detected in 94% of the patients. Genotype 1a, 1b and un-typable were found to be 

present 2% each, Figure 4.12. Gender based prevalence of HCV genotype revealed almost 

equal distribution for genotype 3a, genotype 1a, 1b and untypable only prevalent in male 

patients, data shown in Figure 4.13. Chi square distribution showed p value of >0.553, and 

hence not statistically significant. 

Figure 4.14. HCV genotype prevalence in anti-HCV positive patients 
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Figure 4.15.  HCV genotype prevalence in anti-HCV positive males and females 

 

 

 

 

  

 

 

 

 

 

 

 

4.1.10. Gender wise viral load distribution in anti-HCV positive patients 

Viral load distribution revealed that the lowest viral load in male patients was 12 IU/ml, 

whereas, the lowest viral load in female patients was 15 IU/ml respectively. Similarly the 

highest viral load among the male infected patients showed that the viral load was 

51,809,739 IU/ml, while the highest viral load among female patient was 31,874,791 IU/ml 

respectively. The average viral load in males was 5,315,791 IU/ml and 3,180,912 IU/ml in 

female patients (Table 4.2). 

Table 4.2. Viral load distribution in male and female patients 

IU/ml= international units per ml. Average viral load was higher in male patients as 

compared to females. 

 

 

 

 

Gender Average Age (years) Lowest (IU/ml) Average (IU/ml) Highest 

(IU/ml) 

Male 41.1 12 5,315,791 51,809,739 

Female 41.0 15 3,180,912 31,874,791 
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4.1.11. Patient Categorization 

All the patients included in this study were categorized into two main groups, patients 

receiving anti-HCV therapy, n=110 (45%) and patients not receiving any anti-HCV therapy 

(n=135 (55%). The therapy group comprised the patients who were receiving antiviral 

combination therapy with Pegylated IFN (180lg) once a week and ribavirin (800–1200 mg) 

according to the patient’s body weight. These groups were further categorized into two 

groups each. The therapy group was divided into responsive (R) to therapy group and non-

responsive to anti-HCV therapy group with the relative prevalence of n=68 (62%) and n=42 

(38%) respectively. Responsive group comprised of the patients who had negative viral 

RNA levels after the completion of six months of therapy, whereas non-responsive patients 

did not clear the virus after completion of the therapy. Similarly the non-therapy group was 

further distributed to chronically infected, n=99 (73%) and spontaneously recovered group 

n=36 (27%) (Figure 4.16). In chronically infected group those patients were included who 

were treatment naïve and HCV RNA was detected in their serum. Spontaneously recovered 

group included those patients who recovered from HCV infection and had negative viral 

load levels with out taking any therapy. 

Gender based categorization of the patients showed that n=33 (49%) of the responsive to 

therapy group were males, while n=35 (51%) of the responsive patients were females. The 

Non-responsive group comprised of n=23 (54%) of male patients and n=19 (46%) of 

female patients. Similarly the chronically infected group was comprised of n=43 (43%) of 

males and n=56 (57%) of female patients. In the spontaneously recovered group of patients 

n=22 (62%) of patients were males, while n=14 (38%) were females (Figure 4.17) 

(p=0.051, statistically not significant). 

 

 

 

 

 

 

 

 



Results: Clinical and Demographic Analysis 

         53 
  

Figure 4.16. Categories of analyzed patients. 

 

 

 

Figure 4.17. Categorization of the patients on the basis of gender 
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2. Post-clinical and demographic analyses  

After the clinical and demographic analysis all the blood samples were subjected to DNA 

extraction, PCR and sequencing as described in the materials and methods section. Detailed 

analysis of the observed single nucleotides polymorphism in the proposed set of genes was 

carried out which included the following steps. 

4.2.1. DNA extraction  

As mentioned earlier DNA from the collected samples were extracted using phenol-

chloroform method and using, Thermoscientific DNA extraction kit.  

4.18. Gel image of the extracted DNA from the blood samples 

 

 

M= marker, sample number 1-11. 

4.2.2. PCR amplification for selected candidate genes (TNF-α, HLA-DRB1, DQB1) 

PCR amplifications were carried out for the above mentioned genes after primer desig and 

PCR optimization. PCR conditions and reagents concentrations are mentioned in the 

material and methods section. Gel images of amplified genes are shown below. 

4.2.2.1. Gel image of the TNF-α-238/308 position amplification 

TNF-α-238/308 position was amplified using above mentioned conditions by PCR. The 

amplified product for these sets of primers was 200bp. Fermentas 100bp gene ruler was 

used as a marker in order to determine the correct size of the amplified product. Gel image 

of the amplified product is shown below.  

 

 

 

 

M      1        2         3        4        5         6        7         8        9       10      11  
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Figure 4.19. Gel image of the amplified product for TNF-α -238/308 locus 

 

Numbers 1-14 represents amplified product, marker is represented by M. 

4.2.2.2. Gel image of the TNF-α-863 position amplification 

TNF-α-863 position was also amplified using the PCR conditions which are described 

above. PCR product of 180bp was observed on the gel for this particular variant. Fermentas 

100bp gene ruler was used as a marker in order to determine the correct size of the 

amplified product. Gel image of the amplified product is shown below. 

Figure 4.20. Gel image of the amplified product for TNF-α -863 locus, samples  

 

Numbers 1-14 represents amplified product, marker is represented by M. 

4.2.2.3. Gel image of the HLA-DRB1gene amplification 

HLA-DRB1 gene was amplified. PCR product of 250bp was observed on the gel for this 

particular variant. Fermentas 1kbp gene ruler was used as a marker in order to determine 

the correct size of the amplified product. Gel image of the amplified product is shown 

below. 

Figure 4.21. Gel image of the amplified product for HLA-DRB1gene 
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Samples are represented by numbers 1-16, while marker is represented by M. The smallest 

band in the marker is 500bp. 

4.2.2.4. Gel image of the HLA-DQB1gene amplification 

HLA-DQB1 gene was amplified. PCR product of 350bp was observed on the gel for this 

particular variant. Fermentas 1kbp gene ruler was used as a marker in order to determine 

the correct size of the amplified product. Gel image of the amplified product is shown here 

below. 

Figure 4.22. Gel image of the amplified product for HLA-DQB1gene 

 

Samples are represented by numbers 1-12, while marker is represented by M. The smallest 

band in the marker is 500bp 

4.2.3. Gene sequencing  

As mentioned in the chapter 3, all the amplified samples were subjected to the Sanger 

sequencing by Macrogen, New York. After sequencing the analyzed sequences were 

obtained and the sequences were screened for the presence of single nucleotide variations 

(SNVs).  

4.2.4. Mapping of the identified SNPs  

All the analyzed SNPs in the corresponding genes mapped into chromosome 6p21.3. 

Identified SNPs were analyzed using online browsers and databases such as NCBI 

databases, mutation taster, Exome Aggregation Consortium (ExAC), University of 

California Santa Cruz genome browser (UCSC browser) and ensemble genome browser. 

Table 4.3 represents the total SNPs their positions on chromosome and reference SNP 

numbers analyzed in this study. 
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Table 4.3. Mapped SNPs analyzed in this study 

Table shows analyzed SNPs in the studied patients along with their reference number and 

position. 

4.2.4.1. Mapping of TNF-α gene SNPs 

A total of three polymorphisms were analyzed in TNF-α gene. These polymorphisms 

mapped into the promoter region of TNF-α gene. The SNPs position, rs numbers and 

nucleotide variations are shown in Table number 4.2. Map representing TNF- α gene and 

the respective SNPs is shown below.  

Gene/position Nucleotide Variation rs number Position on chromosome 

Hg-19 

TNF-α  

-238 G/A rs361525 Chr6:31543101 

-308 G/A rs1800629 Chr6:31543031 

-863 C/A rs1800630 Chr6:31542476 

HLA-DRB1 

6151 T/C rs1064664  Chr6:32552075 

6167 (A/C/T) rs707957 Chr6:32552059 

6192 (C/T) rs776046212  Chr6:32552034 

6228 (C/T) rs2308802  Chr6:32551998 

6231 (T/C/G) rs3167799  Chr6:32551995 

6236 (A/C) rs1059586  Chr6:32551990 

6251 (A/T) rs397844204  Chr6:32551975 

HLA-DQB1 

-8288 (C/G) rs9273598 Chr6:32629093 

-8298 (C/G) rs9273592 Chr6:32629083 

-8307 (A/C/G) rs9273588 Chr6:32629074 

-8331 (T/G) Not reported Chr6:32629051 

-8344 (T/C) Not reported Chr6:32629038 

-8362 (A/C/G) Not reported Chr6:32629020 

-8442 (G/C) rs34644981 Chr6:32628939 

-8447 (C/A/T) Not reported Chr6:32628934 

-8465 (G/C) rs9273552 Chr6:32628916 

-8471 (A/G/C) Not reported Chr6:32628910 

https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599402411_3LgVe3EBf85wwtw6TN07lKr4lCn4&db=hg19&position=chr6%3A31543101-31543101
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599402411_3LgVe3EBf85wwtw6TN07lKr4lCn4&db=hg19&position=chr6%3A31543031-31543031
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599402411_3LgVe3EBf85wwtw6TN07lKr4lCn4&db=hg19&position=chr6%3A31542476-31542476
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32552075-32552075
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32552059-32552059
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32552034-32552034
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32551998-32551998
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32551995-32551995
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32551990-32551990
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32551975-32551975
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32629093-32629093
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32629083-32629083
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32629074-32629074
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32628939-32628939
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=599580741_4cKhIcJvbwamaQ8K2BjIEpFYJj5l&db=hg19&position=chr6%3A32628916-32628916
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Figure 4.23. Figure showing SNPs in the promoter region of TNF-α gene 

 

This map shows three SNPs in the promoter region of TNF-α gene. Double oblique cross 

shows start of the gene while the bend arrow shows the promoter and direction of the gene. 

Dotted line represents the identified SNPs along with their rs numbers, while black blocks 

represents the Exons of the gene denoted as E1,E4. Gap between each exon shows the 

introns while a single cross at the last shows that ending of the gene. The TNF-α gene is 

3kb long (ensemble data base). 

4.2.4.2. Mapping of HLA-DRB1 gene SNPs 

In the HLA-DRB1 gene, seven SNPs were observed in this study. All of these SNPs mapped 

into the exon 2 of the HLA-DRB1 gene. Information regarding the position of SNPs on 

chromosome 6 and reference SNP number are available in the Table. no. 2. Generated map 

for HLA-DRB1 gene is shown in Figure no. 4.24. 
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Figure 4.24. Figure showing SNPs in Exon 2 of HLA-DRB1 gene. 

 

This map shows three SNPs in exon 2 of HLA-DRB1 gene. Double oblique lines shows 

start of the gene while the bend arrow shows the promoter and direction of the gene. Dotted 

line represents the identified SNPs along with their rs numbers, while black blocks 

represents the Exons of the gene denoted as E1…E6. Gap between each exon shows the 

introns while a single cross at the last shows that ending of the gene. The HLA-DRB1 gene 

is 38kb long (ensemble data base). 

4.2.4.3 Mapping of HLA-DQB1 gene SNPs 

In the HLA-DQB1 gene 10 SNPs were observed in this study. All of these SNPs mapped 

to the promoter region of HLA-DQB1 gene. Information regarding the position of SNPs on 

chromosome 6 and reference SNP number are available in the Table. no. 2. Generated map 

for HLA-DQB1 gene is shown below in Figure no. 4.25. 
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Figure 4.25. Figure showing SNPs in promoter region of HLA-DQB1 gene 

 

This map shows three SNPs in the promoter region of HLA-DQB1 gene. Double oblique 

cross shows start of the gene while the bend arrow shows the promoter and direction of the 

gene. Dotted line represents the identified SNPs along with their rs numbers, while black 

blocks represents the Exons of the gene denoted as E1…E6. Gap between each exon shows 

the introns while a single cross at the last shows that ending of the gene. The HLA-DQB1 

gene is 11 kb long (ensemble data base). 
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Figure 4.26. Combined map of all genes showing observed SNPs in the analyzed genes 

in this study 

 

 

Arrows indicate the direction of reading frame of gene. Novel SNPs detected at DQB1are 

shown in boldface. E= Exon; Pr.= promoter.
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4.3. Patient genotype determination 

Genotypes of the analyzed patients were determined by analyzing the nucleotides on the 

both sequenced DNA strands. Each group of patients were analyzed and compared for any 

association with HCV disease outcome. 

4.3.1. Genotype distribution in responsive (R) and non-responsive (NR) patients 

4.3.1.1. TNF-α-238, -308, -863 genotype distributions 

Prevalence of genotypes at -238, -308 and -863 positions in TNF-α gene revealed no 

significant association with anti-HCV therapy outcome in studied patients. Data regarding 

probability values, odd ratios and confidence interval is shown in Table number 4.4. 

Table 4.4. TNF- α genotypes distribution in responsive and non-responsive patients 

p<0.05 considered significant, p value determined via chi square distribution. No 

significant associations were found at analyzed positions. 

4.3.1.2. HLA-DRB1 genotype distribution in responsive and non-responsive patients 

4.3.1.2.1. HLA-DRB16151, 6167 and 6192 positions genotype distribution in 

responsive and non-responsive patients 

Genotype distribution in the HLA-DRB1 gene 6151, 6167 and 6192positions for the therapy 

group showed no significant association with therapy outcome, data shown in Table. no. 

4.5. 

Locus Genotype Responsive; n 

(%) 

Non-

Responsive; 

n (%) 

p value OR 95% CI 

TNF- α  

-238 G/A GG 44 (88) 32 (89)       -      -             - 

GA 3 (6) 3 (9) 0.706 1.37 0.260 to 7.262 

AA 3 (6) 1 (2) 0.498 0.45 0.045 to 4.613 

-308 G/A GG 46 (90) 30 (90)       -      -             - 

GA 2 (4) 2 (5) 0.675 1.53 0.204 to 11.49 

AA 3 (6) 2 (5) 0.981 1.02 0.161 to 6.487 

-863C/A CC 33 (61) 20 (59)       -      -             - 

CA 12 (22) 4 (11) 0.384 0.55 0.155 to 1.941 

AA 9 (17) 10 (30) 0.285 1.83 0.636 to 5.283 
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Table 4.5. HLA-DRB16151, 6167 and 6192 genotype prevalence in responsive and 

non-responsive patients 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.1.2.2. HLA-DRB1 6228, 6231, 6236, 6251 genotype distribution in responsive and 

non-responsive patients 

Data analysis for 6228, 6231, 6236 and 6251 position did not revealed any significant 

association for genotype prevalence in therapy patients. Comparisons were made showing 

p values, confidence intervals shown in Table 4.6. 

 

 

 

 

 

 

 

 

 

Locus Genotype Responsive; 

n (%) 

Non-

Responsive; 

n (%) 

p value OR 95% CI 

HLA-DRB1  

6151 (T/C) TC 19 (36) 8 (24)       -      -             - 

TT 15 (28) 12 (35) 0.259 1.90 0.618 to 5.836 

CC 19 (36) 14 (41) 0.306 1.75 0.596 to 5.137 

6167 

(A/C/T) 

AA 25 (50) 22 (65)        -        -                  - 

AC 7 (14) 2 (6) 0.172 0.32 0.060 to 1.730 

AT 15 (30) 6 (18) 0.059 0.35 0.1164 to 1.065 

CT 2 (4) 2 (5)        -        -                  - 

TT 1 (2) 2 (6)        -        -                  - 

6192 (T/C) CC 48 (88.8) 34 (94.5)        -        -                  - 

CT 6 (11.2) 2 (5.55) 0.364 0.47 0.089 to 2.475 
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Table 4.6. HLA-DRB1 6228, 6231, 6236, 6251 position genotype prevalence in R and 

NR patients 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.1.3. HLA-DQB1 genotype distribution in responsive and non-responsive patients 

4.3.1.3.1. HLA-DQB1 -8288, -8298 and -8307 genotypes distribution in R and NR 

patients 

Distribution of genotypes at this position revealed that none of the observed genotype was 

significantly associated with therapy response in studied patients (Table 4.7). 

 

 

 

 

 

Locus Genotype Responsive; n 

(%) 

Non-

Responsive; n 

(%) 

p value OR 95% CI 

HLA-DRB1  

6228 (C/T) 

 

CC 30 (59) 14 (39)        -        -                  - 

CT 4 (8) 3 (8) 0.565 1.60 0.316 to 8.172 

TT 17 (33) 19 (53) 0.050 2.39 0.962 to 5.959 

6231 (T/C/G) CC 12 (24) 7 (20)        -       -                  - 

CG 8 (16) 3 (9) 0.592 0.64 0.127 to 3.255 

CT 8 (16) 7 (20) 0.563 1.50 0.378 to 5.950 

GG 5 (10) 3 (9) 0.974 1.02 0.186 to 5.679 

TA 1 (2) 0 (0)        -       -                  - 

TG 9 (18) 8 (22) 0.534 1.52 0.401 to 5.779 

TT 8 (16) 7 (20) 0.563 1.50 0.371 to 5.950 

6236 (A/C) AA 37 (69) 28(82)        -       -                  - 

AC 15 (28) 4 (12) 0.563 1.50 0.378 to 5.950 

CC 1 (2) 2 (6) 0.082 0.35 0.105 to 1.179 

6251(A/T) AA 45 (85) 28 (82)         -     -            - 

AT 7 (13) 6 (18) 0.596 1.37 0.419 to 4.521 

TT 1 (2) 0 (0)         -     -            - 
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Table 4.7. Distribution of genotypes in HLA-DQB1 gene at-8288, -8298 and -8307 

position in R and NR patients 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.1.3.2. HLA-DQB1 -8331, -8344 and -8362 genotypes distribution in R and NR 

patients 

Statistical analysis for genotype distribution at -8331, -8344 and -8362 positions in the 

HLA-DQB1 gene revealed higher p values (p>0.05), and hence were not statistically 

significant. None of the genotype in these positions was responsible for the therapy 

outcome in studied patients (Table 4.8). 

 

 

 

 

 

Locus Genotype Responsive 

n (%) 

Non-

Responsive 

n (%) 

p value OR 95% CI 

HLA-DQB1  

-8288(G/C) CC 39 (71) 23 (70)         -     -            - 

 CG 13 (24) 7 (21) 0.865 0.91 0.318 to 2.619 

GG 3 (5) 3 (9) 0.534 1.69 0.315 to 9.113 

-8298(G/C) CC 34 (63) 17 (52)         -     -            - 

CG 13 (24) 11 (33) 0.296 1.69 0.627 to 4.564 

GG 7 (13) 5 (15) 0.585 1.42 0.394 to 5.175 

-

8307(A/G/C) 

AA 20 (37) 12 (36)         -     -            - 

AC 3 (5) 5 (15) 0.200 2.77 0.560 to 13.77 

AG 5 (9) 1 (3) 0.323 0.33 0.034 to 3.206 

CC 5 (9) 1 (3) 0.323 0.33 0.034 to 3.206 

GC 3 (6) 4 (12) 0.338 2.22 0.422 to 11.6 

GG 19 (34) 10 (30) 0.806 0.87 0.307 to 2.503 
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Table 4.8. Genotype prevalence at -8331, -8344 and -8362 positions in R and NR 

patients 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.1.3.3. Genotype distribution at HLA-DQB1 -8442, -8447, -8465, -8471 in R and NR 

patients. 

Analysis of genotypes for the above mentioned positions were determined and once again 

it was confirmed that there was no significant association between genotypes and 

development of therapy response in studied patients. Data shown in Table no. 4.9. 

 

 

 

 

 

 

Locus Genotype Responsive 

n (%) 

Non-

Responsive 

n (%) 

p value OR 95% CI 

HLA-DQB1  

-8331(T/G) TT 26 (49) 21 (64)     -     -             - 

 TG 14 (26) 7 (21) 0.379 0.61 0.211 to 1.813 

GG 13 (25) 5 (15) 0.213 0.47 0.146 to 1.552 

-8344(C/T) 

 

TT 37 (69) 21 (64)     -     -             - 

TC 10 (18) 8 (24) 0.529 1.41 0.482 to 4.122 

TT 37 (69) 21 (64)     -     -             - 

-8362 

(G/A/C) 

AA 25 (47) 14 (44)      -     -             - 

AC 5 (9) 4 (13) 0.633 1.42 0.328 to 6.207 

AG 2 (5) 2 (6) 0.578 1.78 0.226 to 14.11 

CC 14 (26) 7 (22) 0.663 0.59 0.056 to 6.282 

CG 3 (6) 1 (3) 0.454 1.78 0.385 to 8.271 

GG 4 (7) 4 (12) 0.454 1.78 0.385 to 8.271 
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Table 4.9. Genotype prevalence at -8442, -8447, -8465, -8471 positions in R and NR 

patients 

p<0.05 considered significant, p value determined via chi square distribution. TC/CC 

genotypes were predictors for responsiveness to anti-HCV therapy 

 

 

 

 

 

Locus Genotype Responsive n 

(%) 

Non-

Responsive n 

(%) 

p value OR 95% CI 

HLA-DQB1  

-8442(G/C) GG 32 (58) 17 (52)     -     -             - 

GC 17 (31) 15 (46) 0.272 1.66 0.668 to 4.127 

CC 6 (11) 1 (2) 0.279 0.31 0.034 to 2.825 

-8447 

(C/A/T/G) 

CC 21 (39) 17 (52)         -                   - 

CA 5 (9) 4 (12) 0.987 0.98 0.229 to 4.266 

CG 2 (4) 4 (12) 
0.317 2.47 0.402 to 15.16 

TA 3 (6) 0 (0)         -     -                 -    

TC 11 (20) 2 (6) 0.050 0.22 0.043 to 1.155 

TG 1 (2) 0 (0)          -               - 

TT 11 (20) 6 (18) 0.511 0.67 0.206 to 2.199 

-8465(G/A) GG 39 (72) 22 (67)     -     -             - 

GA 14 (26) 8 (24) 0.980 1.01 0.367 to 2.792 

AA 0 (0) 3 (9)     -     -             - 

GC 1 (2) 0 (0)     -     -             - 

-8471 

(A/G/C)  

AA 31 (57) 13 (39)      -       -             - 

AG 7 (13) 5 (15) 0.425 1.70 0.455 to 6.364 

CA 0 (0) 0 (0)      -       -             - 

GC 0 (0) 1 (3)      -       -             - 

GG 16 (30) 14 (43) 0.133 2.08 0.793 to 5.486 
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4.3.2. Genotype distribution in Chronically infected (CI) and Spontaneously 

recovered (SR) patients 

4.3.2.1. TNF-α genotype distribution at -238, -308 and -863 position in SR and CI 

patients 

Table number 4.10 represents the distribution of TNF-α gene variation at the above-

mentioned positions and it was again revealed that none of the genotype was playing any 

kind of role in chronic infection or spontaneous recovery of studied patients. 

Table 4.10. Genotype distribution at -238, -308and -863 positions in SR and CI 

patients 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.2.2. HLA-DRB1 genotype distribution in SR and CI patients 

4.3.2.2.1. Genotype distribution in HLA-DRB1 6151, 6167 and 6192 positions in SR 

and CI patients 

Association of genotypes at 6151, 6167 and 6192 positions with chronic HCV infection 

and spontaneous recovery was established and no significant association was found in the 

analyzed set of patients, data shown in Table number 4.11 

 

 

Locus Genotype Spontaneously 

recovered  

n (%) 

Chronically 

infected  

n (%) 

p value OR 95% CI 

TNF- α  

-283(G/A) 

 

GG 20 (91) 58 (89)        -     -             - 

GA 2 (9) 3 (4) 0.480 0.51 0.080 to 3.324 

AA 0 (0) 4 (7)        -     -             - 

-308(G/A) 

 

GG 17 (81) 54 (86)        -     -             - 

GA 1 (5) 2 (3) 0.710 0.62 0.053 to 7.386 

AA 3 (14) 7 (11) 0.677 0.73 0.170 to 3.158 

-863(C/A) CC 15 (75) 35 (55)        -     -             - 

CA 3 (15) 18 (28) 0.164 2.57 0.657 to 10.06 

AA 2 (10) 11 (17) 0.290 2.35 0.464 to 11.96 
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Table 4.11. Genotype prevalence at 6151, 6167 and 6192 positions in SR and CI 

patients 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.2.2.2. Genotype distribution in HLA-DRB1 6228, 6231, 6236 and 6251 positions 

in SR and CI patients 

None of the analyzed genotypes at these positions was found to be significantly 

associated with HCV disease outcome in shape of CI and SR, data shown in Table 4.12. 

 

 

 

 

 

 

 

 

 

 

Locus Genotype Spontaneously 

recovered  

n (%) 

Chronically 

infected  

n (%) 

p value OR 95% CI 

HLA-DRB1  

6151 (T/C) TC 8 (35) 25 (38)        -     -             - 

TT 8 (35) 25 (38) 0.990 1.00 0.324 to 3.084 

CC 7 (30) 15 (24) 0.536 0.68 0.206 to 2.276 

6167 

(A/C/T) 

AA 11 (53) 34 (53)       -      -               - 

AC 1 (5) 6 (9) 0.552 1.94 0.210 to 17.95 

AT 9 (42) 19 (30) 0.473 0.68 0.240 to 1.942 

CT 0 (0) 3 (5)       -      -               - 

TT 0 (0) 2 (3)       -      -               - 

6192 (T/C) CC 20 (91) 57 (88)      -      -               - 

CT 2 (9) 8 (12) 0.682 1.40 0.274 to 7.174 
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Table 4.12. Genotype prevalence at 6228, 6231 and 6236 and 6251 positions in SR 

and CI patients 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.2.3. HLA-DQB1 genotype distribution in SR and CI patients 

4.3.2.3.1. HLA-DQB1 -8288, -8298 and -8307 genotype distribution in SR and CI 

patients 

Distribution of genotypes at above mentioned positions were investigated but no significant 

associations were found among the HCV infection outcomes and patient genotypes (Table 

4.13). 

 

 

 

 

Locus Genotype Spontaneously 

recovered  

n (%) 

Chronically 

infected  

n (%) 

p value OR 95% CI 

HLA-DRB1  

6228 (C/T) 

 

CC 11 (48) 32 (50)      -      -               - 

CT 3 (13) 5 (8) 0.487 0.57 0.117 to 2.802 

TT 9 (39) 27 (42) 0.952 1.03 0.372 to 2.858 

6231 (T/C/G) CC 2 (9) 12 (19)       -        -                 - 

CG 5 (23) 13 (20) 0.359 0.43 0.070 to 2.670 

CT 6 (27) 10 (16) 0.151 0.27 0.045 to 1.693 

GG 3 (13) 10 (16) 0.273 0.36 0.058 to 2.293 

TA 0 (0) 0 (0)       -        -                 - 

TG 5 (23) 11 (17) 0.825 1.33 0.102 to 17.29 

TT 1 (5) 8 (13) 0.825 1.33 0.102 to 17.29 

6236 (A/C) AA 14 (61) 48 (75)      -      -               - 

AC 8 (35) 15 (23) 0.253 0.54 0.192 to 1.554 

CC 1 (4) 1 (2)      -      -               - 

6251(A/T) AA 21 (91) 57 (89)      -      -               - 

AT 2 (9) 7 (11) 0.762 1.28 0.2477 to 6.712 

TT 0 (0) 0 (0)      -      -               - 
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Table 4.13. Genotype prevalence at -8288, -8298 and -8307positions in SR and CI 

patients 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.2.3.2. HLA-DQB1 -8331, -8344 and -8362 genotype distribution in SR and CI 

patients 

Genotype prevalence at -8331 and -8344 were not significantly associated with HCV 

infection outcome in studied patients. Genotype CC at position -8362 (G/A/C) was 

significantly associated with HCV infection outcome in studied patients with p value of 

0.035, odd ratios of 0.12 and 95% confidence interval of 0.049 to 0.950 respectively. Data 

shown in Table 4.14. 

 

 

 

 

 

Locus Genotype Spontaneously 

recovered  

n (%) 

Chronically 

infected  

n (%) 

p value OR 95% CI 

HLA-DQB1  

-8288(G/C) CC 17 (77) 47 (73)      -      -               - 

 CG 5 (23) 10 (16) 0.598 0.72 0.216 to 2.423 

GG 0 (0) 7 (11)      -      -               - 

-8298(G/C) CC 18 (82) 45 (70)      -      -               - 

CG 4 (18) 14 (22) 0.593 1.44 0.405 to 4.831 

GG 0 (0) 5 (8)      -      -               - 

-8307(A/G/C) AA 6 (29) 23 (38)      -      -               - 

AC 3 (14) 8 (13) 0.652 0.69 0.140 to 3.456 

AG 5 (24) 10 (17) 0.358 0.52 0.128 to 2.116 

CC 2 (9) 3 (5) 0.347 0.39 0.052 to 2.89 

GC 1 (5) 5 (8) 0.822 1.30 0.127to 13.38 

GG 4 (19) 11 (19) 0.653 0.71 0.167 to 3.075 
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Table 4.14. Genotype prevalence at -8331, -8344 and -8362positions in SR and CI 

patients 

 

p<0.05 considered significant, p value determined via chi square distribution. Genotypes 

AA and CC were associated with SR and CI in analyzed patients. 

4.3.2.3.3. HLA-DQB1 -8442, -8447, -8465 and -8471 genotype distribution in SR and 

CI patients 

None of the genotype at the studied positions were significantly associated with CI and SR 

in analyzed set of patients. Data shown in Table 4.15. 

 

 

 

 

 

Locus Genotype Spontaneously 

recovered  

n (%) 

Chronically 

infected  

n (%) 

p value OR 95% CI 

HLA-DQB1  

-8331(T/G) TT 10 (45) 37 (62)     -     -            - 

 TG 8 (36) 11 (18) 0.085 0.37 0.117 to 1.171 

GG 4 (19) 12 (20) 0.757 0.81 0.214 to 3.066 

-8344(C/T) 

 

TT 13 (57) 38 (63)     -     -            - 

TC 6 (26) 16 (27) 0.873 0.91 0.294 to 2.825 

CC 4 (17) 6 (10) 0.349 0.51 0.124 to 2.109 

-8362 

(G/A/C) 

AA 8 (36) 21 (35)        -      -           - 

AC 2 (9) 4 (7) 0.776 0.76 0.115 to 5.009 

AG 4 (18) 7 (12) 0.588 0.66 0.152 to 2.912 

CC 7 (32) 14 (23) 0.035 0.21 0.049 to 0.950 

CG 1 (5) 2 (3) 0.831 0.76 0.060 to 9.617 

GG 0 (0) 12 (20)       -      -                 - 
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Table 4.15 Genotype prevalence at -8442, -8447, -8465 and -8471 positions in SR and 

CI patients 

 

 

p<0.05 considered significant, p value determined via chi square distribution. 

 

 

 

 

 

Locus Genotype Spontaneously 

recovered  

n (%) 

Chronically 

infected  

n (%) 

p value OR 95% CI 

HLA-DQB1  

-8442(G/C) GG 9 (39) 32 (52)     -     -            - 

GC 12 (52) 21 (34) 0.171 0.49 0.176 to 1.372 

CC 2 (9) 8 (14) 0.893 1.12 0.202 to 6.266 

-8447 

(C/A/T/G) 

CC 6 (26) 20 (34)     -     -            - 

CA 4 (17) 5 (8) 0.221 0.37 0.075 to 1.859 

CG 3 (13) 2 (3) 0.958 0.20 0.026 to 1.491 

TA 2 (9) 4 (8) 0.601 0.60 0.087 to 4.123 

TC 3 (13) 12 (21) 0.818 1.20 0.252 to 5.712 

TG 1 (4) 1 (1) 0.871 1.12 0.268 to 4.709 

TT 4 (18) 15 (25) 0.871 1.12 0.268 to 4.709 

-8465(G/A) GG 16 (73) 51 (84)     -     -            - 

GA 5 (23) 10 (16) 0.448 0.62 0.186 to 2.108 

AA 0 (0) 0 (0)         -      -            - 

GC 1 (4) 0 (0)         -      -            - 

-8471 

(A/G/C)  

AA 13 (59) 16 (28)        -      -           - 

AG 0 (0) 15 (26)        -      -           - 

CA 0 (0) 1 (2)        -      -           - 

GC 0 (0) 0 (0) 
       -      -           - 

GG 9 (41) 25 (44) 

0.127 2.27 0.784 to 6.493 
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4.3.3. Gender based genotypes distribution in studied patients 

4.3.3.1. TNF-α genotypes distribution in gender 

4.3.3.1.1. TNF-α -238, -308 and -863 genotype distributions in male and females 

Gender based genotype distributions at 238, -308 and -863 positions revealed no significant 

associations, data shown in Table 4.16. 

Table 4.16. TNF-α -238, -308 and -863genotype distribution in male and female 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.3.2. HLA-DRB1 genotypes distribution in males and females 

4.3.3.2.1. HLA-DRB1 6151, 6167 and 6192 genotype distribution in males and 

females 

Genotype distribution at 6151(T/C)  position revealed that genotype TT (p=0.044, 

OR=0.47, 95%CI: 0.229-0.985) and CC (p=0.033, OR=0.446, 95% CI: 0.211-0.943) were 

significantly associated with gender based HCV infection in analyzed set of patients. 

Genotype frequencies for 6167 and 6192 were not significantly associated with gender 

based HCV infection. Data for these set of SNPs is shown in Table 4.17 

 

 

 

 

 

Locus Genotype Male    n (%) Female n (%) p value OR 95% CI 

TNF- α  

-

283(G/A) 

 

GG 77 (91) 77 (87)       -      -                 - 

GA 6 (7) 5 (6) 0.770 0.83 0.244 to 2.847 

AA 2 (2) 6 (7) 0.167 3.00 0.586 to 15.34 

-

308(G/A) 

 

GG 77 (91) 77 (87)       -      -                 - 

GA 6 (7) 5 (6) 0.673 0.72 0.155 to 3.331 

AA 2 (2) 6 (7) 0.191 0.48 0.156 to 1.473 

-

863(C/A) 

CC 47 (55) 56 (64)       -      -                 - 

CA 21 (25) 16 (18) 0.245 0.63 0.299 to 1.364 

AA 17 (20) 15 (18) 0.458 0.74 0.334 to 1.641 
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Table 4.17. HLA-DRB1 6151, 6167 and 6192 genotype distribution in male and 

females 

p<0.05 considered significant, p value determined via chi square distribution. 

S=Significant. Genotypes at 6151 (T/C) position were associated with HCV infection in 

both male and female patients. 

4.3.3.2.2. HLA-DRB1 6228, 6231, 6236 and 6251 genotype distribution in males and 

females 

Data for these positions revealed that genotype CC at 6231 position was significantly 

associated with HCV infection in both male and female patients (p=0.026, OR=0.326, 95% 

CI: 0.119-0.890). Genotype frequencies for the rest of positions were not significantly 

associated with infection in both male and female patient (Table 4.18). 

 

 

 

 

 

 

Locus Genotype Male    n (%) Female n 

(%) 

p value OR 95% CI 

HLA-

DRB1 

 

6151 (T/C) TC 23 (26) 37 (43)       -      -                 - 

TT 34 (38) 26 (30) 0.044,S 0.47 0.229 to 0.985 

CC 32 (36) 23 (27) 0.033,S 0.44 0.211 to 0.943 

6167 

(A/C/T) 

AA 41 (48) 51 (61)       -      -                 - 

AC 8 (9) 8 (10) 0.686 0.80 0.277 to 2.327 

AT 29 (34) 20 (24) 0.098 0.55 0.274 to 1.120 

CT 4 (5) 3 (3) 0.159 0.60 0.127 to 2.849 

TT 3 (4) 2 (2) 0.499 0.08 0.085 to 3.36 

6192 (T/C) CC 81 (90) 78 (90)       -      -                 - 

CT 9 (10) 9 (10) 0.939 1.03 0.391 to 2.753 
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Table 4.18. HLA-DRB1 6228, 6231, 6236 and 6251 genotype distribution in males and 

females patients 

Locus Genotype Male    n (%) Female n (%) p value OR 95% CI 

HLA-DRB1  

6228 (C/T) 

 

CC 51 (58) 36 (42)       -      -                 - 

CT 5 (6) 10 (11) 0.069 2.88 0.892 to 8.997 

TT 32 (36) 40 (47) 0.150 1.57 0.846 to 2.927 

6231 (T/C/G) 

 

 

 

 

CC 12 (14) 21 (24)       -        -              - 

CG 12 (14) 17 (20) 0.685 0.80 0.290 to 2.255 

CT 15 (17) 16 (20) 0.330 0.60 0.224 to 1.657 

GG 11 (13) 10 (12) 0.245 0.51 0.170 to 1.580 

TA 1 (1) 0 (0)       -        -              - 

TG 21 (24) 12 (12) 0.026, S 0.32 0.119 to 0.890 

TT 14 (17) 10 (12) 0.999 0.40 0.138 to 1.200 

6236 (A/C) AA 60 (68) 67 (78)       -        -              - 

AC 25 (28) 17 (20) 0.167 0.60 0.300 to 1.236 

CC 3 (4) 2 (2) 0.575 0.59 0.096 to 3.697 

6251(A/T) AA 72 (83) 79 (91)      -     -                - 

AT 15 (17) 7 (8) 0.0724 0.42 0.164 to 1.103 

TT 0 (0) 1 (1)      -     -                - 

p<0.05 considered significant, p value determined via chi square distribution. 

S=Significant. Genotype CC and TG at 6231 position were associated with HCV 

infection in both genders. 

4.3.3.3. Gender based HLA-DQB1 genotypes distribution  

4.3.3.3.1. HLA-DQB1 -8288, -8298 and -8307 positionsgenotypes distribution in 

males and females 

Genotype prevalence in male and female patients at these above-mentioned positions 

revealed no significant association with gender based HCV infection. Statistical analysis is 

shown in the Table 4.19. 
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Table 4.19. Prevalence of genotypes at -8288, -8298 and -8307 positions in male and 

female patients 

 

p<0.05 considered significant, p value determined via chi square distribution.  

4.3.3.3.2 HLA-DQB1 -8331, -8344 and -8362 positionsgenotypes distribution in males 

and females 

Genotype prevalence at 8331, -8344 and -8362 positions showed no significant association 

with infection in both male and female patients. Statistical analysis is shown in Table 

number 4.20. 

 

 

 

 

 

 

 

 

Locus Genotype Male    n (%) Female n (%) p value OR 95% CI 

HLA-DQB1  

-8288(G/C) CC 61 (68) 65 (76)      -     -                - 

 CG 21 (24) 14 (16) 0.225 0.62 0.292 to 1.340 

GG 7 (8) 6 (8) 0.709 0.80 0.255 to 2.529 

-8298(G/C) CC 58 (65) 56 (67)      -     -               - 

CG 23 (26) 19 (23) 0.666 0.85 0.420 to 1.740 

GG 8 (9) 9 (10) 0.769 1.16 0.419 to 3.234 

-

8307(A/G/C) 

AA 29 (36) 32 (38)      -     -               - 

AC 7 (8) 12 (14) 0.413 1.55 0.538 to 4.48 

AG 10 (11) 11 (13) 0.995 0.99 0.369 to 2.691 

CC 6 (7) 5 (6) 0.668 0.75 0.208 to 2.741 

GC 7 (8) 6 (7) 0.679 .776 0.233 to 2.581 

GG 25 (30) 19 (22) 0.348 0.68 0.315 to 1.503 
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Table 4.20. Prevalence of genotypes at -8331, -8344 and -8362 positions in male and 

female patients 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.3.3.3. HLA-DQB1 -8442, -8447, -8465 and -8471 positions genotypes distribution 

in males and females 

These associations revealed that there is no significant association of genotypes at -8442, 

-8447, -8465 and -8471 positions with HCV infection in both male and female patients. 

Data for these positions is shown in Table 4.21. 

 

 

 

 

 

 

 

Locus Genotype Male    n (%) Female n (%) p value OR 95% CI 

HLA-

DQB1 

 

-8331(T/G) TT 46 (54) 48 (58)        -     -            - 

 TG 23 (27) 17 (20) 0.364 0.70 0.335 to 1.494 

GG 16 (19) 18 (22) 0.851 1.07 0.491 to 2.365 

-8344(C/T) 

 

TT 56 (66) 53 (63)        -     -            - 

TC 16 (19) 24 (28) 0.218 1.58 0.759 to 3.308 

CC 13 (15) 8 (9) 0.376 0.65 0.249 to 1.694 

-8362 

(G/A/C) 

AA 37 (44) 31 (38)      -         -              - 

AC 7 (8) 8 (10) 0.586 1.36 0.444 to 4.186 

AG 11 (13) 4 (5) 0.179 0.43 0.125 to 1.500 

CC 19 (22) 23 (28) 0.349 1.44 0.667 to 3.129 

CG 3 (3) 4 (5) 0.559 1.59 0.330 to 7.661 

GG 8 (9) 12 (15) 0.257 1.79 0.649 to 4.936 
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Table 4.21. Genotype distribution at -8442, -8447, -8465 and -8471 positions and 

their role in infection in male and female patients 

 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.4. Allelic distribution in different groups of patients 

Allelic distribution in the studied group of patients was carried out and the association of 

each allele with the disease outcome was determined. Chi square distributions were carried 

out to calculate probability values, odd ratios and confidence intervals. The allelic 

distribution in various group of patients are discussed below. 

 

 

Locus Genotype Male    n (%) Female n (%) p value OR 95% CI 

HLA-DQB1  

-8442(G/C) GG 47 (53) 43 (51)        -     -            - 

GC 35 (40) 30 (36) 0.841 0.93 0.494 to 1.776 

CC 6 (7) 11 (13) 0.200 2.00 0.682 to 5.886 

-8447 

(C/A/T/G) 

CC 32 (38) 32 (38)        -     -            - 

CA 11 (13) 7 (8) 0.404 0.63 0.218 to 1.850 

CG 6 (7) 5 (6) 0.780 0.83 0.230 to 3.010 

TA 4 (5) 5 (6) 
0.754 1.25 0.307 to 5.087 

TC 13 (15) 15 (18) 0.752 1.15 0.473 to 2.810 

TG 0 (0) 3 (4)        -    -              - 

TT 18 (22) 18 (20) 0.999 1.00 0.441 to 2.263 

-8465(G/A) GG 63 (73) 65 (78)        -     -            - 

GA 20 (23) 17 (20) 0.604 0.82 0.395 to 1.716 

AA 1 (1) 2 (2) 0.586 1.93 0.171 to 21.93 

GC 2 (3) 0 (0)        -     -            - 

-8471 

(A/G/C)  

AA 38 (46) 35 (42)      -         -              - 

AG 16 (19) 11 (13) 0.521 0.74 0.305 to 1.826 

CA 0 (0) 1 (2)    

GC 1 (1) 0 (0)      -         -              - 

GG 28 (34) 36 (43) 0.331 1.39 0.711 to 2.740 
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4.3.4.1. Allelic distribution in the therapy group 

4.3.4.1.1. Allelic distribution of TNF-α in responsive (R) and non-responsive (NR) 

patients 

Allelic variations were analyzed at three different positions in TNF gene, -238 (G/A), -308 

(G/A) and -863 (C/A). Statistical analysis revealed no significant association between 

alleles observed and the anti-HCV therapy outcome. Data is shown in Table 4.22. 

Table 4.22. Allelic distributions of TNF-α gene in the responsive and non-responsive 

patients 

Locus Allele Responsive;  

n (%) 

Non-responsive;  

n (%) 

p value OR 95% CI 

TNF-α  

-238 G/A  G 91 (91) 67 (93)  -  

 A 9 (9) 5 (7) 0.626 0.75 0.242 to 2.355 

-308 G/A  G 94 (92) 62 (91)  -  

 A 8 (8) 6 (9) 0.819 1.14 0.376 to 3.438 

-863 C/A  C 78 (72) 44 (65)  -  

 A 30 (28) 24 (35) 0.292 1.42 0.739 to 2.722 

p<0.05 considered significant, p value determined via chi square distribution. 

4.3.4.1.2. Allelic distribution of HLA-DRB1 gene in responsive (R) and non-responsive 

(NR) patients  

Allelic distributions were analyzed at seven different positions in HLA-DRB1 gene (Table 

4.23). Only significant associations are discussed below, whereas distributions for other 

analyzed alleles are shown in Table 4.23. Allelic distribution at 6228 (C/T) position 

revealed that allele C was prevalent in n=64 (63%) of the R and n=31 (43%) of the NR 

patients. The Allele T was frequent in n=38 (37%) in R and n=41 (57%) of NR patients 

had T allele with probability of 0.010, odd ratio of 2.23 and 95% CI of 1.204 to 4.122. 

These alleles were found to be significantly associated with response to interferon therapy 

in infected patients. 
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Table 4.23. Therapy based distribution of alleles in observed SNPs in HLA-DRB1 gene 

Locus Allele Responsive;    

n (%) 

Non-

responsive; n 

(%) 

p value OR 95% CI 

HLA-DRB1  

6151 (T/C)  T 53 (50) 28 (41)  -  

 C 53 (50) 40 (59) 0.254 1.43 0.772 to 2.643 

6167 

(A/C/T)  

A 72 (72) 52 (76)   -  

 C 9 (9) 4 (6) 0.435 0.62 0.179 to 2.107 

 T 19 (19) 12 (18) 0.744 0.87 0.390 to 1.958 

6192 (C / T)  C 102 (94) 70 (97)  -  

 T 6 (6) 2 (3) 0.375 0.49 0.095 to 2.477 

6228 (C/T)  C 64 (63) 31 (43)  -  

 T 38 (37) 41 (57) 0.010, S 2.23 1.204 to 4.122 

6231  

(T/C/ G)  

C 40 (39) 24 (34)  -  

 G 27 (26) 17 (24) 0.904 1.05 0.476 to 2.313 

 T 34 (33) 29 (42) 0.329 1.42 0.700 to 2.887 

 A 1 (1) 0 (0)  -    

6236 (A/C)  A 89 (84) 60 (88)  -  

 C 17 (16) 8 (12) 0.433 0.69 0.283 to 1.720 

6251 (A/T)  A 97 (92) 62 (91)  -  

 T 9 (8) 6 (9) 0.939 1.04 0.353 to 3.075 

p<0.05 considered significant, p value determined via chi square distribution. Allelic 

distribution at 6228 position was significantly associated with response to therapy in 

infected patients. 
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4.3.4.1.3. Allelic distribution of HLA-DQB1 gene in responsive (R) and non-responsive 

(NR) patients  

A total of 10 SNPs at various positions were observed in both R and NR patients.  Two 

novel SNPs were found to be associated with the predictor of anti-HCV therapy 

response in studied groups of patients. Each of the observed SNP was statistically 

analyzed in corresponding group of patients as shown in the Table number 4.24. 

Only significant associations are discussed below. 

i. Allelic distribution at -8447 (C/A/G/T) position revealed that allele C was prevalent in 

n=49 (50%) of R and n=42 (66%) in NR patients. Allele A was prevalent in 8 (9%) of 

R and 4 (6%) in NR patients with P value of 0.401, odd ratio of 0.58, 95% CI of 0.163 

to 2.076. Allele G was frequent in n=3 (3%) of R and n=4 (6%) of NR patients 

(p=0.574, OR=1.55, 95% CI;0.329 to 7.351). Allele T was prevalent in n=37 (38%) 

and n=14 (22%) in NR patients with significant association of T allele with interferon 

therapy (p=0.028, OR=0.44, 95% CI; 0.210 to 0.925).  

ii. Distribution of -8471 (A/G/C) position polymorphism showed that allele A was 

frequent in n=69 (64%) of R and 31 (47%) of NR patients. Similarly allele G was 

prevalent in n=39 (36%) in R and 34 (51%) in NR patients. Significant associations 

were found as (p=0.036) between G allele and interferon therapy. Allele C was not 

prevalent in R and n=1 (2%) in NR. 
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Table 4.24. Allelic prevalence in R and NR patients in HLA-DQB1 gene 

Locus Allele Responsive;    n 

(%) 

Non-responsive; 

n (%) 

p value OR 95% CI 

HLA-DQB1  

-8288 (C/G)  C 91 (83) 53 (80)  -  

 G 19 (17) 13 (20) 0.686 1.17 0.537 to 2.570 

-8298 (C/G)  C 81 (76) 45 (68)  -    

 G 27 (24) 21 (32) 0.328 1.4 0.711 to 2.755 

-8307 

(A/C/G)  

A 48 (44) 30 (45)  -   

 C 16 (14) 11 (17) 0.834 1.1 0.450 to 2.687 

 G 46 (42) 25 (38) 0.681 0.86 0.446 to 1.695 

-8331 (T/G)  T 66 (62) 49 (74)  -  

 G 40 (38) 17 (26) 0.104 0.57 0.290 to 1.127 

-8344 (T/C)  T 84 (78) 50 (76)  -  

 C 24 (22) 16 (24) 0.758 1.12 0.543 to 2.308 

-8362 

(A/C/G)  

A 57 (53) 34 (53)  -  

 C 36 (34) 19 (30) 0.731 0.88 0.439 to 1.781 

 G 13 (13) 11 (17) 0.449 1.41 0.571 to 3.519 

-8442 (G/C)  G 81 (74) 49 (74)  -   

 C 29 (26) 17 (26) 0.929 0.96 0.483 to 1.944 

-8447 

(C/A/G/T)  

C 49 (50) 42 (66)  -  

 A 8 (9) 4 (6) 0.401 0.58 0.163 to 2.076 

 G 3 (3) 4 (6) 0.574 1.55 0.329 to 7.351 

 T 37 (38) 14 (22) 0.028 0.44 0.210 to 0.925 

-8465 

(G/A/C)  

G 93 (86) 52 (79)  -  

 A 14 (13) 14 (21) 0.158 1.78 0.791 to 4.041 

 C 1 (1) 0 (0)  -   

-8471 (A/G)  A 69 (64) 31 (47)  -  

 G 39 (36) 34 (51) 0.036 1.94 1.038 to 3.627 
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p<0.05 considered significant, p value determined via chi square distribution. 

Distribution of alleles at -8447 position in HLA-DQB1 gene was related to response 

against anti-HCV therapy in studied patients. 

4.3.4.2. Allelic distribution in spontaneously recovered (SR) and chronically infected 

(CI) patients 

4.3.4.2.1. Allelic distribution of TNF-α in spontaneously recovered (SR) and 

chronically infected (CI) patients 

No significant associations were found between TNF-α promoter polymorphism and 

HCVinfection or treatment response.Data shown in Table 4.25 

Table 4.25. TNF- α genetic polymorphisms in SR and CI patients 

 

 

p<0.05 considered significant, p value determined via chi square distribution 

 

 

 

 

 

 

 

Locus Allele Spontaneously 

Recovered; 

n (%) 

Chronically 

Infected; 

n (%) 

p value OR 95% CI 

TNF-α  

-238 G/A  G 42 (96) 119 (92)  -  

 A 2 (4) 11 (8) 0.393 1.94 0.413 to 9.123 

-308 G/A  G 35 (83) 110 (87)  -  

 A 7 (17) 16 (13) 0.517 0.72 0.276 to 1.912 

-863 C/A  C 33 (82) 88 (69)  -  

 A 7 (18) 40 (31) 0.090 2.14 0.873 to 5.257 
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4.3.4.2.2. Allelic distribution of HLA-DRB1 in spontaneously recovered (SR) and 

chronically infected (CI) patients 

None of the studied alleles in this gene were significantly associated with spontaneous 

recovery or chronic HCV infection in studied patients. Allelic distribution at the HLA-

DRB1 gene is shown in Table 4.26.   

Table 4.26. Allelic distribution HLA-DRB1 in spontaneously recovered (SR) and 

chronically infected patients 

 

p<0.05 considered significant, p value determined via chi square distribution 

 

 

 

 

 

 

Locus Allele Spontaneously 

Recovered; 

n (%) 

Chronically 

Infected; 

n (%) 

p 

value 

OR 95% CI 

HLA-DRB1  

6151 (T/C)  T 24 (52) 75 (58)  -  

       

 C 22 (48) 55 (42) 0.516 0.81 0.407 to 1.572 

6167 (A/C/T)  A 32 (76) 93 (73)  -  

 C 1 (2) 9 (7) 0.269 3.09 0.377 to 25.42 

 T 9 (22) 26 (20) 0.989 0.99 0.421 to 2.345 

6192 (C / T)  C 42 (96) 122 (94)  -  

 T 2 (4)  8 (6) 0.691 1.37 0.281 to 6.746 

6228 (C/T)  C 25 (54) 69 (54)  -  

 T 21 (46) 59 (46) 0.958 1.01 0.517 to 2.002 

6231 (T/C/ G)  C 15 (34) 47 (37)  -  

 G 16 (36) 44 (34) 0.753 0.87 0.388 to 1.984 

 T 13 (30) 37 (29) 0.826 0.90 0.384 to 2.144 

6236 (A/C) A 36 (78) 111 (87)  -  

 C 10 (22) 17 (13) 0.174 0.55 0.231 to 1.312 

6251 (A/T) A 44 (96) 121 (94)  -  

 T 2 (4) 7 (6) 0.768 1.27 0.254 to 6.363 
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4.3.4.2.3. Allelic distribution of HLA-DQB1 in spontaneously recovered (SR) and 

chronically infected (CI) patients 

Only significant associations are discussed below, remaining data is shown in Table 4.27. 

i. Distribution of alleles at -8471 (A/G/C) position showed that allele A was 

frequent in n=69 (64%) of the SR patients and n=31 (47%) in CI patients, 

similarly allele G was prevalent in n=39 (36%) of SR and n=34 (51%) of the CI 

patients, with significant association (p=0.036), OR of 1.94 and 95% CI of 

1.038 to 3.627. Allele C was prevalent not prevalent in SR patients and n=1 (2) 

in CI patients. 
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Table 4.27. Allelic distribution HLA-DQB1 in spontaneously recovered (SR) and 

chronically infected patients 

 

 

p<0.05 considered significant, p value determined via chi square distribution. None of the 

allele was significantly predicting the spontaneous recovery or chronic infection in 

analyzed set of patients for HLA-DQB1 gene. 

Locus Allele Spontaneously 

Recovered; 

n (%) 

Chronically 

Infected; 

n (%) 

p value OR 95% CI 

HLA-DQB1  

-8288 (C/G)  C 91 (83) 53 (80)  -   

 G 19 (17) 13 (20) 0.686 1.17 0.537 to 2.570 

-8298 (C/G)  C 81 (76) 45 (68)  -   

 G 27 (24) 21 (32) 0.328 1.4 0.711 to 2.755 

-8307 (A/C/G)  A 48 (44) 30 (45)  -  

 C 16 (14) 11 (17) 0.834 1.1 0.450 to 2.687 

 G 46 (42) 25 (38) 0.681 0.86 0.446 to 1.695 

-8331 (T/G) T 66 (62) 49 (74)  -  

 G 40 (38) 17 (26) 0.104 0.57 0.290 to 1.127 

-8344 (T/C) T 84 (78) 50 (76)  -  

 C 24 (22) 16 (24) 0.758 1.12 0.543 to 2.308 

-8362 (A/C/G)  A 57 (53) 34 (53)  -  

 C 36 (34) 19 (30) 0.731 0.88 0.439 to 1.781 

 G 13 (13) 11 (17) 0.449 1.41 0.571 to 3.519 

-8442 (G/C)  G 81 (74) 49 (74)  -   

 C 29 (26) 17 (26) 0.929 0.96 0.483 to 1.944 

-8447 (C/A/G/T)  C 49 (50) 42 (66)  -  

 A 8 (9) 4 (6) 0.401 0.58 0.163 to 2.076 

 G 3 (3) 4 (6) 0.574 1.55 0.329 to 7.351 

 T 37 (38) 14 (22) 0.028 0.44 0.210 to 0.925 

-8465 (G/A)  G 93 (86) 52 (79)  -  

 A 14 (13) 14 (21) 0.158 1.78 0.791 to 4.041 

-8471 (A/G) A 69 (64) 31 (47)  -  

 G 39 (36) 34 (51) 0.036 1.94 1.038 to 3.627 
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4.3.5. Gender based allelic distribution in studied patients. 

4.3.5.1. TNF- α genetic polymorphisms in male and female patients 

No significant associations were found in TNF- α promoter polymorphisms. Data shown 

in Table 4.28.                                                                                                                                                                   

Table 4.28 TNF- α allelic polymorphisms in male and female patients 

p<0.05 considered significant, p value determined via chi square distribution 

4.3.5.2. Gender based HLA-DRB1 allelic variations in studied patients 

Association of HLA-DRB1 allelic variation in both males and female patients is discussed 

only for significant associations, whereas data is presented in Table 4.29. 

i. Allelic variation at 6151 (T/C) position showed that T allele was frequent in n=80 

(45%) of the males and n=100 (58%) of the female patients. Similarly n=98 (55%) of 

the male patients and n=72 (42%) patients had allele A and is significantly associated 

with HCV infection (p=0.013, OR=0.58, 95% CI; 0.385 to 0.897) 

ii. Allelic polymorphism at 6167 (A/C/T) revealed that allele A was prevalent in n=119 

(70%) in males and n=130 (77%) of females. Similarly allele C was found to be 

prevalent in n=12 (7%) of males and n=11 (7%) of females (p=0.687, OR=0.83, 95% 

CI;0.356 to 1.974). Allele T was frequent in n=39 (23%) of males and n=27 (16%) of 

females (p=0.102, OR=0.63, 95% CI; 0.365 to 1.099). 

iii. Association of allelic polymorphism at 6231 (T/C/G/A) position showed that allele T 

was represented in 69 (39%) of the male and 90 (52%) of the females patients. Allele 

G was prevalent in n=55 (32%) of the male and n=49 (28%) of the female patients 

(p=0.060, OR=0.60, 95% CI;0.358 to 1.023). Similarly allele T was frequent in n=65 

(37%) of male n=48 (29%) of the female patients and the association was statistically 

Locus Allele Male; n (%) Female; n (%) p value OR 95% CI 

TNF-α  

-238 G/A G 160 (94) 159 (90)    

 A 10 (6) 17 (10) 0.190 1.71 0.759 to 3.851 

-308 G/A G 148 (86) 153 (92)    

 A 24 (14) 13 (8) 0.071 0.52 0.257 to 1.068 

-863 C/A C 115 (68) 128 (74)    

 A 55 (32) 46 (26) 0.228 0.75 0.471 to 1.197 
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significant (p=0.008, OR=0.50, 95% CI;0.299 to 0.840). Allele A was prevalent in n=1 

(1) of males and not in females. 

Table 4.29. Gender based HLA-DRB1 allelic distribution in studied patients 

  p<0.05 considered significant, p value determined via chi square distribution.  

4.3.5.3. Allelic variation in HLA-DQB1 gene in male and female patients 

None of the studied alleles were significantly associated with HCV infection in male and 

female patients, data shown in Table 4.30. 

 

 

 

 

 

 

 

Locus Allele Male; n (%) Female; n (%) p value OR 95% CI 

HLA-DRB1  

6151 (T/C) T 80 (45) 100 (58)    

 C 98 (55) 72 (42) 0.013 0.58 0.385 to 0.897 

6167 (A/C/T) A 119 (70) 130 (77)    

 C 12 (7) 11 (7) 0.687 0.83 0.356 to 1.974 

 T 39 (23) 27 (16) 0.102 0.63 0.365 to 1.099 

6192 (C/T) C 171 (95) 165 (95)    

 T 9 (5) 9 (5) 0.941 1.03 0.401 to 2.676 

6228 (C/T) C 107 (61) 82 (48)    

 T 69 (39) 90 (52) 0.014 1.70 1.112 to 2.605 

6231 (T/C/G/A) C 51 (30) 75 (43)    

 G 55 (32) 49 (28) 0.060 0.60 0.358 to 1.023 

 T 65 (37) 48 (29) 0.008 0.50 0.299 to 0.840 

 A 1 (1) 0 (0)    

6236 (A/C) A 145 (82) 151 (89)    

 C 31 (18) 21 (11) 0.157 0.65 0.357 to 1.184 

6251 (A/T) A 159 (91) 165 (95)    

 T 15 (9) 9 (5) 0.204 0.57 0.245 to 1.359 
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Table 4.30. Gender based HLA-DQB1 allelic distribution in studied patients 

Locus Allele Male; n (%) Female; n (%) p value OR 95% CI 

HLA-DQB1  

-8288 (C/G) C 143 (80) 144 (85)  -  

 G 35 (20) 26 (15) 0.284 0.73 0.422 to 1.289 

-8298 (C/G) C 139 (78) 131 (78.0)  -  

 G 39 (22) 37 (22.0) 0.979 1.00 0.604 to 1.675 

-8307 (A/C/G) A 75 (45) 87 (51)  -  

 C 26 (15) 28 (17) 0.813 0.92 0.501 to 1.720 

 G 67 (40) 55 (32) 0.150 0.70 0.441 to 1.134 

-8465 (G/A/C) G 148 (86) 147 (87)  -  

  A 22 (13) 21 (13) 0.371 0.96 0.506 to 1.823 

 C 2 (1) 0 (0.0)  -  

-8442 (G/C) G 129 (73) 116 (69) -  -  

 C 47 (27) 52 (31) 0.384 1.23 0.770 to 1.964 

-8331 (T/G) T 115 (68) 113 (68)  -  

 G 55 (32) 53 (32) 0.933 0.98 0.620 to 1.550 

-8344 (T/C) T 128 (75) 130 (77)  -  

 C 42 (25) 40 (23) 0.799 0.93 0.570 to 1.542 

-8447 (C/A/G/T) C 81 (53) 76 (49)  -  

 A 15 (10) 12 (8) 0.703 0.85 0.375 to 1.938 

 G 6 (4) 8 (5) 0.531 1.42 0.471 to 4.287 

 T 53 (33) 59 (38) 0.489 1.18 0.730 to 1.928 

-8471 (A/G/C) A 92 (54) 82 (50)  -  

 G 73 (44) 83 (49) 0.270 1.27 0.827 to 1.967 

 C 1 (1) 1 (1) 0.935 1.12 0.069 to 18.24 

-8362 (A/C/G) A 92 (54) 74 (45)  -  

 C 48 (28) 58 (35) 0.102 1.50 0.920 to 2.452 

 G 30 (18) 32 (20) 0.343 1.32 0.739 to 2.380 

p<0.05 considered significant, p value determined via chi square distribution 
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4.3.6. Haplotypes observed in the studied patients 

Haplotypes in the studied group of patients were generated for each gene. Haplotypes for 

TNF-α, HLA-DRB1 and HLA-DQB1 was generated using Haplo2ped online tool, along 

with their percentile in the studied patients were generated and shown in the Table below 

(Table 4.31). 
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Table 4.31. Most prevalent haplotypes detected in three of the studied genes. 

 

 

Gene  Haplotype  Percentile  

TNF-α GGC 0.5873 

 GGA 0.2414 

 GAC 0.0726 

 AGC 0.0318 

 AGA 0.0280 

 GAA 0.0208 

 AAC 0.0150 

 AAA 0.0032 

HLA-DRB1 CACTCAA 0.1307 

 TACCCAA 0.1194 

 TACCTAA 0.0917 

 TACTCAA 0.0811 

 CACTTAA 0.0802 

 CACCTAA 0.0685 

 CACCCAA 0.0606 

 TTCTCAA 0.0439 

 TACTTAA 0.0371 

 CACCCCA 0.0298 

 TACCCCA 0.0289 

 CTCCTAA 0.0260 

HLA-DQB1 CCAGGTTCGA 0.0656 

 CCAGGTTCAC 0.0482 

 CCGGGTTCGA 0.0424 

 CCGGGTTTAC 0.0276 

 CCGGGTTTGA  0.0251 

 CCAGCTTCAC 0.0237 

 CCAGGTTTAA 0.0235 

 CCGGCTTTGA 0.0223 

 CGAGGTTTAA 0.0205 

 CCAGGGTTAC 0.0186 

 CCGGGTTCAC 0.0171 

 CCAGGTTTAC 0.0159 
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4.3.7. Linkage disequilibrium analysis 

4.3.7.1. Linkage disequilibrium analysis for TNF-α gene 

Linkage disequilibrium analysis (LD) for three SNPs -238 G/A, -308 G/A, -863 C/A tagged 

as snp1, snp2, snp3 at TNF-α genewere analyzed. The D’ statistics showed varying results 

whereas chi square distributions showed no significant associations for LD in all three 

SNPs studied in TNF-α gene. Table 4.32 shows the values and LD patterns in analyzed 

gene. 
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Table 4.32. Linkage disequilibrium analysis for SNPs observed in TNF-α gene 

D statistic 

 
-238 G/A 

(rs361525) 

-308 G/A 

(rs1800629) 

-863 C/A 

(rs1800630) 

Sr.no snp1 snp2 snp3 

snp1 . 0.0087 0.0081 

snp2 . . -0.0083 

snp3 . . . 

D’ statistic 

 snp1 snp2 snp3 

snp1 . 0.1258 0.1463 

snp2 . . 0.2592 

snp3 . . . 

r statistic 

 snp1 snp2 snp3 

snp1 . 0.1044 0.066 

snp2 . . -0.0586 

snp3 . . . 

p value 

 snp1 snp2 snp3 

snp1 . 0.0565 0.2305 

snp2 . . 0.2932 

snp3 . . . 

Linkage patterns were observed for TNF-α gene. Associations are listed in Table. 
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4.3.7.2. Linkage disequilibrium analysis for HLA-DRB1 gene 

LD analysis for SNPs observed in HLA-DRB1 gene revealed that that there was linkage 

among certain SNPs as shown in the Figure below. Blocks having dark red color represents 

linkage among various SNPs based on the D, D’ and p values. All the values are shown in 

the Figure (4.62) and Table (4.33) below. 
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Figure 4.27. Linkage disequilibrium heat map for SNPs observed in HLA-DRB1 gene 

 

The dark red cells shows the stronger linkage among the analyzed SNPs, whereas the light 

red color indicate weak linkage and white or yellow cells indicate no linkage among the 

analyzed SNPs for HLA-DRB1 gene. 
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Table 4.33. Linkag disequilibrium analysis for all SNPs in HLA-DRB1 gene 
 

 

D statistic 

 
6151 (T/C) 

(rs1064664) 

6167 

(A/C/T) 

(rs707957) 

6192 (C / T) 

(rs776046212) 

6228 (C/T) 

(rs2308802) 

6231 (T/C/ G) 

(rs3167799) 

6236 (A/C) 

(rs1059586) 

6251 (A/T) 

(rs397844204) 

Sr.no snp4 snp5 snp6 snp7 snp8 snp9 snp10 

snp4 . -0.0065 -0.0147 0.0393 0.0311 0.0026 0.0055 

snp5 . . 0.0304 -0.0078 0.0303 0.037 0.0017 

snp6 . . . -0.0105 -0.0093 0.0154 0.0022 

snp7 . . . . -0.0462 -0.0251 -0.0013 

snp8 . . . . . 0.0245 0.0301 

snp9 . . . . . . 0.0022 

snp10 . . . . . .  

D’ statistic 

Sr.no snp4 snp5 snp6 snp7 snp8 snp9 snp10 

snp4 . 0.0664 0.5941 0.1674 0.1347 0.0341 0.1544 

snp5 . . 0.7498 0.084 0.2722 0.3107 0.0306 

snp6 . . . 0.4503 0.4072 0.3566 0.0459 

snp7 . . . . 0.2254 0.3675 0.0426 

snp8 . . . . . 0.2977 0.7929 

snp9 . . . . . . 0.0373 

snp10 . . . . . . . 

r statistic 

Sr.no snp4 snp5 snp6 snp7 snp8 snp9 snp10 

snp4 . -0.0325 -0.1336 0.158 0.1251 0.0147 0.0433 

snp5 . . 0.3449 -0.0388 0.1518 0.2588 0.0166 

snp6 . . . -0.0956 -0.0851 0.1969 0.039 

snp7 . . . . -0.1866 -0.1413 -0.0106 

snp8 . . . . . 0.1383 0.2391 

snp9 . . . . . . 0.0242 

snp10 . . . . . . . 

p values 

Sr. no snp4 snp5 snp6 snp7 snp8 snp9 snp10 

snp4 . 0.5813 0.0129 0.0037 0.1029 0.7858 0.4238 

snp5 . . 0 0.512 0.0767 0 0.7794 

snp6 . . . 0.0762 0.2591 2e-04 0.4677 

snp7 . . . . 0.0133 0.0092 0.8452 
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4.3.7.3. Linkage disequilibrium analysis for HLA-DQB1 gene 

LD analysis for SNPs observed in this gene showed linkage pattern among certain SNPs 

as shown in the Figure 4.34. All the observed values for the corresponding SNPs are 

shown in the Table along with the level of significance and analyses. 

 

 

 

  

 

 

snp8 . . . . . 0.0698 0.0017 

snp9 . . . . . . 0.6526 

snp10 . . . . . . . 
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Table 4.34. Linkage disequilibrium analysis for all SNPs in HLA-DQB1 gene. 

D statistic 

 

-8471 

(A/G/C) 

(chr6:3262

8910) 

-8465 

(G/A/C) 

(rs9273552) 

-8447 

(C/A/G/T) 

(chr:32628934) 

-8442 (G/C) 

(rs34644981) 

-8362 (A/C/G) 

(chr6:32629020) 

-8344 (T/C) 

(chr6:32629038) 

-8331 (T/G) 

(chr6:32629051) 

-8307 

(A/C/G) 

(rs9273588) 

-8298 

(C/G) 

(rs9273592) 

-8288 

(C/G) 

(rs927359

8) 

Sr.no snp11 snp12 snp13 snp14 snp15 snp16 snp17 snp18 snp19 snp20 

snp11 . 0.0312 -0.0259 0.0042 0.0284 0.0402 0.0573 -0.0115 -0.0117 -0.0031 

snp12 . . -3e-04 0.0124 0.0111 0.0372 0.05 0.0047 -0.0135 -0.0394 

snp13 . . . 0.0052 0.0045 0.0221 -0.014 0.0486 0.0266 -0.015 

snp14 . . . . -0.0042 0.003 0.0085 0.004 0.013 -0.01 

snp15 . . . . . 0.029 0.0253 0.0198 0.012 -0.0137 

snp16 . . . . . . 0.0565 0.0096 -0.0252 0.0036 

snp17 . . . . . . . -0.0175 -0.0177 0.0054 

snp18 . . . . . . . . -0.033 -0.0291 

snp19 . . . . . . . . . -0.0701 

snp20 . . . . . . . . . . 

D’ statistic 

Sr.no snp11 snp12 snp13 snp14 snp15 snp16 snp17 snp18 snp19 snp20 

snp11 . 0.2281 0.3416 0.0397 0.2275 0.3383 0.431 0.1686 0.1415 0.0444 

snp12 . . 0.0035 0.1246 0.0709 0.2495 0.3001 0.035 0.1301 0.4526 

snp13 . . . 0.0713 0.0276 0.1212 0.1341 0.2193 0.1168 0.0876 

snp14 . . . . 0.1132 0.0349 0.0871 0.0511 0.1929 0.1966 

snp15 . . . . . 0.1485 0.1475 0.1128 0.0793 0.1201 
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snp16 . . . . . . 0.345 0.0491 0.1656 0.0184 

snp17 . . . . . . . 0.1857 0.1555 0.037 

snp18 . . . . . . . . 0.1785 0.188 

snp19 . . . . . . . . . 0.3748 

snp20 . . . . . . . . . . 

r statistic 

Sr.no snp11 snp12 snp13 snp14 snp15 snp16 snp17 snp18 snp19 snp20 

snp11 . 0.1982 -0.1375 0.033 0.165 0.2266 0.3525 -0.0623 -0.0617 -0.0166 

snp12 . . -0.0016 0.09 0.0592 0.1924 0.2824 0.0232 -0.0654 -0.1944 

snp13 . . . 0.0313 0.0201 0.0956 -0.066 0.2011 0.1077 -0.0619 

snp14 . . . . -0.0276 0.0194 0.0592 0.0244 0.0781 -0.061 

snp15 . . . . . 0.1372 0.1308 0.0895 0.0533 -0.0618 

snp16 . . . . . . 0.2826 0.0422 -0.1079 0.0157 

snp17 . . . . . . . -0.0838 -0.083 0.0258 

snp18 . . . . . . . . -0.1353 -0.1219 

snp19 . . . . . . . . . -0.2873 

snp20 . . . . . . . . . . 

p values 

Sr.no snp11 snp12 snp13 snp14 snp15 snp16 snp17 snp18 snp19 snp20 

snp11 . 2e-04 0.0304 0.5467 0.0023 0 0 0.3231 0.2665 0.7943 

snp12 . . 0.9799 0.1012 0.2753 5e-04 0 0.7142 0.2409 0.0023 

snp13 . . . 0.6252 0.7515 0.1387 0.3026 0.0058 0.0966 0.4167 

snp14 . . . . 0.6134 0.7287 0.2838 0.6992 0.1666 0.3467 

snp15 . . . . . 0.0133 0.0168 0.1536 0.3391 0.3342 
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snp16 . . . . . . 0 0.5076 0.0536 0.8075 

snp17 . . . . . . . 0.185 0.134 0.6858 

snp18 . . . . . . . . 0.0377 0.102 

snp19 . . . . . . . . . 0 

snp20 . . . . . . . . . . 
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4.3.8. Dominancy models for genotypes in analyzed genes 

4.3.8.1. TNF-α (-238) genotype dominancy model 

Dominancy models for all genotypes observed on the respective SNPs were generated. 

These models were generated according to gender response in therapy. In each model 

genotype prevalence was compared with gender, odd ratios and probability values. 

Akaike’s Information Criterion (AIC) and Bayesian Information Criterion (BIC) were also 

calculated for the analyzed genotypes. The lower the values of AIC and BIC the more 

chances of significant associations for genotypes models. Only one model for each gene is 

shown here whereas all the remaining models are presented in the Appendix portion. 

Table 4.35. Dominancy model for TNF-α (-238) genotype in gender response  

p<0.05: Sig, No dominant model was depicted for gender 

 

 

 

 

 

 

 

 

 

Model Genotype Female Male OR (95% CI) p value AIC BIC 

Codominant G/G 77 (87%) 77 (90%) 1.00 0.34 243.6 253.1 

G/A 5 (5%) 6 (7%) 1.20 (0.35-4.10) 

A/A 6 (6%) 2 (2%) 0.33 (0.07-1.70) 

Dominant G/G 77 (87%) 77 (90%) 1.00 0.52 243.4 249.7 

G/A-A/A 11 (12%) 8 (9%) 0.73 (0.28-1.91) 

Recessive G/G-G/A 82 (93%) 83 (97%) 1.00 0.15 241.7 248 

A/A 6 (6%) 2 (2%) 0.33 (0.06-1.68) 

Overdominant G/G-A/A 83 (94%) 79 (92%) 1.00 0.71 243.6 249.9 

G/A 5 (5%) 6 (7%) 1.26 (0.37-4.30) 

Log-additive --- --- --- 0.71 (0.37-1.36) 0.29 242.7 249 
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4.3.8.2. HLA-DRB1 (6151) genotype dominancy model 

The dominancy model for this particular SNP revealed significant association for Over-

dominant and Codominant expression in the analyzed set of patients (p<0.05). The odd 

ratios, confidence intervals and AIC, BIC values are represented in the Table 4.36.  

 Table 4.36 Dominancy models for HLA-DRB1 6151 SNP in gender response 

p<0.05: Sig. co-dominant model was significantly prevalent in both male and female 

patients in this study 

 

 

 

 

 

 

 

 

 

 

 

Model Genotype Female Male OR (95% CI) p 

value 

AI

C 

BIC 

Codominan

t 

T/T 26 (30%) 34 (38%) 1.00 0.050 242 252 

T/C 37 (43%) 23 (25%) 0.48 (0.23-0.99) 

C/C 23 (26%) 32 (36%) 1.06 (0.51-2.23) 

Dominant T/T 26 (30%) 34 (38%) 1.00 0.27 245 251 

T/C-C/C 60 (69%) 55 (61%) 0.70 (0.37-1.31) 

Recessive T/T-T/C 63 (73%) 57 (64%) 1.00 0.19 244 251 

C/C 23 (26%) 32 (36%) 1.54 (0.81-2.93) 

Overdomina

nt 

T/T-C/C 49 (57%) 66 (74%) 1.00 0.016 240 247 

T/C 37 (43%) 23 (25%) 0.46 (0.24-0.87) 

Log-additive --- --- --- 1.02 (0.71-1.47) 0.92 246 252 
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4.3.8.3. Dominancy model for HLA-DQB1 -8288 genotypes 

 Models for all the analyzed SNPs were generated. Only one model for 8288 position is 

shown here. Dominancy model for genotypes showed no significant association with 

gender response. Data for genotype model is shown in Table 4.37. 

 Table 4.37. Genotype models for HLA-DQB1 8288 position. 

p<0.05: Sig 

Model Genotype Female Male OR (95% CI) p value AIC BIC 

Codominant C/C 65 (76%) 61 (68%) 1.00 0.47 245.6 255.1 

C/G 14 (16%) 21 (23%) 1.60 (0.75-3.42) 

G/G 6 (7%) 7 (7%) 1.24 (0.40-3.91) 

Dominant C/C 65 (76%) 61 (68%) 1.00 0.24 243.7 250.1 

C/G-G/G 20 (23%) 28 (31%) 1.49 (0.76-2.92) 

Recessive C/C-C/G 79 (92%) 82 (92%) 1.00 0.84 245.1 251.4 

G/G 6 (7%) 7 (7%) 1.12 (0.36-3.49) 

Overdominant C/C-G/G 71 (83%) 68 (76%) 1.00 0.24 243.7 250.1 

C/G 14 (16%) 21 (23%) 1.57 (0.74-3.33) 

Log-additive --- --- --- 1.26 (0.77-2.06) 0.35 244.2 250.6 
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5. Discussion 

Chronic hepatitis C (CHC) caused by hepatitis C virus (HCV) is a serious health concern 

affecting 71 million people globally (McPhee, 2019; Blach et al., 2015). Owing to 

preventive measures, incidence of HCV has decreased considerably in developed 

countries; however, it still remains a leading cause of morbidity and mortality in 

developing countries (Arshad et al., 2007; Petalruzziello et al., 2016).  

HCV is predominantly responsible for liver diseases and profound increased risk of 

hepatocellular carcinoma and liver failures (Farahnaz et al., 2007; Westbrook and 

Dusheiko, 2014). Worldwide prevalence estimation of HCV revealed an average 

prevalence rate of 2.5% in adults: ranging from 1.3% in US and 2.9% in Africa. Based on 

genotype prevalence, genotype 1 is ranked the most prevalent type with a percentage 

prevalence of 49.1%, followed by genotype 3, 4 and 2 with 17.9%, 16.8% and 11.0% 

prevalence rates, respectively. Genotypes 5 and 6 have the lowest combined prevalence i.e. 

< 5%, whereas, genotype 1 and 3 are known for a worldwide distribution; genotype 4 and 

5 are found mostly in low-income countries (Hanafiah et al., 2013; Umer and Iqbal, 2016). 

Chronic diseases are slow progressive diseases characterized by hepatic inflammation 

resulting in development of cirrhosis in 10-20% of patients (Pol et al., 2018). Cirrhosis 

leads to annual risk of 1-5% of HCC and 3–6% of hepatic decompensation, which 

afterwards can increase the risk of death by 15% and 20% (van de Laar et al., 2010).  The 

high burden of chronic hepatitis C (CHC) together with absence of vaccine, reflects 

treatment as part of disease control stratagem but the effectiveness, impact, and outcome 

of treatment in various groups remain unclear (Umer and Iqbal, 2016). Several meta-

analysis studies demonstrated that HCV eradication with antiviral therapy reduces the risk 

of hepatocellular carcinoma (HCC) in patients infected with chronic hepatitis C but not 

eliminated completely (Umer and Iqbal, 2016; Waheed, 2015). Prevalence of HCV in 

Pakistan reported to be 6%, which makes it the second highest after Mongolia, which has 

the prevalence rate of 10% (Umer and Iqbal, 2016; Arshad and Ashfaq, 2018). The major 

goal of anti-HCV therapy is to attain sustained virological response (SVR) in infected 

patients. SVR is the absence of detectable HCV RNA in patient serum confirmed by real 

time PCR (Akhtar, 2015).Therapy for HCV infection started two decades earlier, when 

interferon/ribavirin were started to be used as a combinatorial therapy for the treatment of 
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HCV infection. Later on were replaced by pegylated interferon/ribavirin combination 

therapy (Akhtar, 2015; Qureshi et al., 2015). Direct-acting antivirals (DAAs) regimens 

have been approved for HCV therapy and initial phase protease inhibitors known as 

boeceprevir (BOC) along with telaprevir (TVR) were also approved in combination with 

IFN and RBV (Cortez et al., 2015). This triple therapy resulted in achievement of higher 

SVR but is also associated with severe side effects. Both the European Association for the 

study of Liver (EASL) and American Association for the study of Liver Diseases 

(AASLD) do not recommend the anti-HCV triple therapy consisting of BOC, TVR for 

anti-HCV therapy (AASLD, 2014; EASL, 2015). 

United Nations (UN) estimates as of July 2019, Pakistan has population of 204,571,621 

patients, which makes number 6th in the rank in terms of the most populated countries of 

the world. Estimates for the land area revealed that there is a total area of 297,638 sq. miles 

in the whole country, whereas the population density of 265 patients per kilometer square 

(UN, 2019). Household situation in Pakistan tends to be bigger with about 6.5 persons 

eating and living together (Census 2017). The main working force in Pakistan is constituted 

mostly by males as 82.5% of the working labor, whereas 24.8% of the labor force is 

consisted by females although women constitute 49% of the total Pakistani population 

(ILO, 2017).  

Pakistan has the lowest literacy rates in South Asia with only 58% population being literate, 

which is one of the main reasons for endemic rates of HCV infection in Pakistani 

population (Census 2017). The per capita income in Pakistan is US $1,629 and about 40% 

of the population lives below the poverty line, such conditions already indicate that 

effective and updated anti-HCV treatment is not affordable for Pakistani patients (Gissel 

et al., 2015). The pegylated interferon/ribavirin therapy for the period of six months (Rs. 

100,000 approximately) is beyond an average Pakistani’s health budget. (Gissel et al., 

2015; Tang et al., 2016). In Pakistani patients, receiving anti-HCV interferon/ribavirin 

combination therapy, David et al estimated the incremental cost effectiveness ration 

(ICER) for quality adjusted life years as Rs. 144673, respectively. However, government 

sector strategy reportedly had a net cost lesser than the strategy discussed above. Still 

internationally reported costs for DAA therapy for boeceprevir (€1,447.69) and 

Sofosbuvir/Simeprevir (€1,560.13) are not affordable in Pakistan (Abdelwahab, 2016). 
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Due to such high cost of the DAA therapy most of the patients had to rely on the classical 

therapy comprising of IFN/RBV or peg-IFN/PBV combinatorial therapy for the treatment 

of HCV infection.  

We believe that population genetics may show a significant character in defining outcome 

of HCV infection and therapy in Pakistani population. Interestingly various studies have 

reported response rates to IFN/RBV combination therapy in HCV infected patients, as Aziz 

et al reported sustained virological response to PEG-IFN-alpha-2b/ribavirin (Aziz et al., 

2011). Similarly another study reported SVR rates in 89% of ETR patients followed by 

80% RVR rates reported in another study (Iqbal et al., 2014; Akram et al., 2011). These 

studies suggest a critical part of host immune genetic features determining the 

consequences of HCV infection in Pakistani population.  

This detailed cross-sectional study was designed to investigate the association of 

polymorphisms in TNF-α, HLA-DRB1 and HLA-DQB1 genes and their possible outcome 

in patient’s receving anti-HCV combinatorial therapy. No control group was included due 

to the fact that crossectional studies are based on the detailed investigation of the exposure 

and outcome variables in the targeted population and mutual comparisions of the variables. 

Cross-sectional study designs often don’t need any control group for comparison and as 

this study is looking into the prevalence of genetic polymorphisms in three set of genes, so 

no control group was included for comparison (Setia et al., 2016). Similarly the comparison 

for the association of SNPs were made between the responsive (R) and non-responsive 

(NR) patients in therapy group along with chronically infected (CI) and spontaneously 

recovered (SR) patients and therefore control group was not included in this study. 

 A large number of patients were recruited in this study in order to have a clear picture of 

the role of host immunogentic polymorphisms in the outcomes of response to anti-HCV 

therapy and infection in Pakistani population. Demographic and clinical information of the 

studied patients in this study were also analyzed. Gender based differentiation of HCV 

infection showed that both genders were almost equally distributed, males (49%) and 

females (51%). Comparing literacy rates in gender revealed that there was a statistically 

significant association between gender and literacy rates (p<0.05), odd ratio of 4.321 and 

95% CI (1.797 to 10.39). Most of the patients included in this study are literate as this 

sampling is carried out in Islamabad, the capital city of Pakistan, where the literacy rates 
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are high as compared to the rural parts of the coutry It is believed that women tend to have 

better responses against HCV infection than men however; various factors are responsible 

for the outcomes of HCV infection in both male and female patients (Kumar et al., 2017). 

Different studies across the globe had reported varying percentages for the prevalence of 

male and female patients as a study reported 51% of male and 49% of female patients in a 

study conducted in Wuhan city of China (Sarin et al., 2012). Similarly another study also 

reported a higher percentage (53%) of female infected patients in comparison to males 

(47%), which is in concordance, with our study (Thimme et al., 2001).  

Signs and symptoms associated with acute HCV infections are mostly infrequent and the 

infection is asymptomatic, however development of signs and symptoms in certain acutely 

infected patients as well as chronically infected patients begin to appear  within 3 to 12 

weeks post infection; which mainly include jaundice, anorexia, malaise and weakness 

(Syhavong et al., 2010; Jalil et al., 2016).The most common symptoms observed in this 

study were jaundice and fatigue in both male and female patients followed by fever and 

abdominal discomfort. In literate and illiterate patients the common symptoms were fever 

and abdominal discomfort followed by anorexia. Other symptoms like dark urine and 

malaise were also detected in studied patients. Signs and symptoms of HCV infection can 

vary in a group of patients or populations as many genetic and environmental factors can 

affect the development of symptoms in infected patients (Xu et al., 2014). 

 Studies have reported different symptoms associated with HCV infection like a study 

reported that the most common symptom associated with HCV-HBV co-infection were 

abdominal discomfort and fatigue, which is in concordance with our study (Kumar et al., 

2017). Similarly jaundice was also associated with hepatitis, A, C, and E infection in 

majority of the studied patients, which also co-relates with our study (Jalil et al., 2016). 

Demographic analysis of the patients revealed that most of the included patients in this 

study belonged to Islamabad and Rawalpindi region of the Pakistan.  

Gender based differentiation showed that both male and female patients mostly belonged 

to Islamabad and Rawalpindi districts and similar scenario was observed for the literacy 

based distribution. Patients from other parts of the country like central Punjab, Khyber 

Pakhtunkhwa (KPK) were also distributed among analyzed patients. Various studies have 
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targeted different populations across the country which depends on the type of study and 

ethnicity of the populations (Jilani et al., 2017; Khan et al., 2011; Attaullah et al., 2011).  

Age based distribution of the infection in patients revealed that the most infected age group 

reported in this study was 31-40 years in both gender and literacy based distributed patients, 

which is a major issue regarding HCV infection in working class  to the general health of 

a society. Different studies have reported different age groups for HCV infection, like a 

study reported that 16-45 years was the most infected age group. Another study reported 

the mean age of 42 years in patients who were chronically infected with HCV, which are 

not in coherence with our study (Rehman et al., 2018; Patil et al., 2017; Khan et al., 2011). 

Risk factors like surgery, blood transfusions, hospitalizations and injection use, associated 

with HCV infection were also analyzed for the studied group of patients and it was found 

that the most common risk factor in studied patients was injection use followed by intra-

venous infusions. Gender based differentiation of risk fator in in male and female patients 

were barber visits and skin piercing followed by blood transfusions and injection use. The 

other prevalent risk factors were also found to be associated with HCV infection in studied 

patients. Significant associations were found to be present between studied risk factors and 

gender as (p<0.05). In the literacy group the common risk factors in literate patients were 

avoiding use of boiling water followed by spouse status and infected father, whereas in 

illiterate patients the associated risk factors were skin piercing, illegal injections and 

hospitalizations. These risk factors were found to be significantly associated with HCV 

infection (p<0.05).  

Studies have reported different risk factors associated with HCV infection in different 

populations, like a study reported that dental procedures and blood transfusions were the 

main risk factors associated with HCV infection, which is in coherence with our study 

(Jilani et al., 2017; Jalil et al., 2016). Similarly another study also reported blood 

transfusions and intravenous infusion as the main risk factors for HCV infection in studied 

patients, while another study reported injections the risk factor associated with HCV 

infection which also co-insides with our study (Arshad and Ashfaq, 2017; Kumar et al., 

2018). 

Genotype detection for the analyzed patients in this study revealed that HCV genotypes 3a, 

1a, 1b and un-typable were detected in the total 100 studied patients. Overall prevalence of 
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3a genotype was 93% in the studied patients and it makes sense because HCV genotype 3a 

is the most prevalent genotype in Pakistani population. A large number of studies have 

confirmed the fact that HCV genotype 3a is the most prevalent genotype in Pakistan, which 

confirms our findings (Attaullah et al., 2011; Westermann et al., 2015; Henderson et al., 

2003). Data regarding the occupation of the studied patients was also acquired and it was 

found that the major professions of male gender included; driving, laborer and private 

business, whereas, among female patients, the major occupations were; housewife, teacher 

and students. 

Statistical correlation was significant for gender based occupation in studied patients 

(p<0.05). Occupation of the patients have significant contribution to HCV infection if the 

individual is working in a healthcare sector or laboratory associated medical staff and hence 

more prone to HCV infection (Ndjoyi-Mbiguino et al., 2018; Aguinaga et al., 2014). 

Awareness and education regarding HCV infection is very important to prevent HCV 

infection. Literacy rates in studied patients were considered a parameter in this study and 

it was revealed that most of the male patients had intermediate, matriculate and middle 

school education, most of the female patients had bachelor and primary education. 

Education levels in the studied patients were significantly associated (p<0.05) with HCV 

disease outcome.  Viral RNA detection in the studied patients showed that viral RNA was 

detected in total of 51% of the studied patients. Similarly 47% of the male patients were 

found to be positive for HCV RNA while 53% of female patients were found to have viral 

RNA. Females are more likely to clear HCV infection, however presence of viral RNA is 

regardless of gender, similarly a study in Spain reported that HCV RNA was detected in 

53% of patients which is in-coherence with our study (Gul et al., 2016). 

 Studies reported that the prevalence of viral RNA in studied patients was 78% and 82% 

(Bakr et al., 2006; Sasaki et al., 2018). The viral load distribution in the patients depicted 

that the lowest viral load in both male and female patients were 12 IU/ml and 15 IU/ml 

respectively, whereas the highest viral load observed in males was 51,809,739 IU/ml and 

31,874,791 IU/ml in females respectively. The average viral load in both male and female 

patients was estimated to be 5,315,791 IU/ml and 3,180,912 IU/ml, indicating that the 

average viral load is higher in males when compared to females, which may point out the 

fact that women respond better to HCV infection in comparison to men (Ali et al., 2011). 
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HCV viral load is predictor of patient response to therapy or defining the chronicity of 

infection (Ali et al., 2016). Different viral loads have been reported in the analyzed patient 

that depends on ethnicity, gender along with immunogenetic factors (Ali et al., 2011).  

Patients analyzed in this study were categorized mainly into two groups, patients that were 

receiving interferon/ribavirin for the past 24 weeks and patients that were not receiving any 

therapy. Therapy group comprised of patients receiving antiviral combination therapy with 

Pegylated IFN (180lg) once a week and ribavirin (800–1200 mg) according to the patient’s 

body mass index. The standard recommended therapy for HCV treatment is comprised of 

a subcutaneous intake of 3 MU/ml of Interferon replicating three times in a week plus oral 

intake of 10mg/day/kg of the body weight of ribavirin continued for period of 24 weeks 

(Shiffman et al., 2011; Tsertsvadze et al., 2016). Therapy group was further divided into 

two groups; responsive (R) to interferon/ribavirin and non-responsive (NR) to 

interferon/ribavirin therapy group. Those patients having anti-HCV present in their serum 

were included in this study. These groups were defined on the basis of presence or absence 

of viral RNA. Patients that had detectable HCV RNA after completing IFN/RBV therapy 

were categorized as non-responsive (NR), whereas those patients that did not have any 

detectable viral RNA after completion of IFN/RBV therapy were categorized into 

responsive (R) group. The non-therapy group was further divided into two types that 

included, chronically infected (CI) and spontaneously recovered (SR) group. Chronically 

Infected group was defined by the presence of viral RNA for at least six months with 

presence or absence of clinical symptoms (Westbrook and Dusheiko, 2016). Spontaneously 

recovered patients were defined by the fact that these patients were positive for anti-HCV 

antibody, however they were negative for HCV RNA via real time PCR and studies have 

suggested that approximately 25% of the patients usually clear the virus, whereas the 

remaining 75% progress towards chronic infection (Gunal et al., 2017; Danilau et al., 

2017). 

A total of three genes known as TNF-α, HLA-DRB1 and HLA-DQB1 were targeted for 

presence of genetic polymorphism in all the patient groups. Post-clinical and demographic 

analysis included the peak analysis of the obtained sequences from Macrogen, New York, 

followed by the mapping of the identified single nucleotide polymorphism (SNPs) in the 

studied patients which are described in the results section. After mapping of the identified 
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SNPs in the studied genes, genotypes for each set of SNPs were established. Genotypes for 

the studied patients were determined by analyzing the nucleotide on both the strands using 

the BioEdit software and the determined genotypes were then compared for the association 

with HCV infection outcome in studied group of patients. The first targeted group of 

patients was therapy group which comprised of Responsive (R) and non-responsive (NR) 

group. Distribution of various genotypes at the three positions in the promoter region of 

TNF-α gene showed that none of the analyzed genotypes at these particular positions (-

238, -308, -863) were associated with response to anti-HCV therapy. The statistical 

associations revealed that all these genotypes had probability values of more than (p>0.05) 

and hence were not involved in developing any response to interferon/ribavirin therapy in 

the studied group of patients.  

Developing response to anti-HCV therapy is relied on various sociodemographic factors 

such as age, gender, ethnicity and many other factors. A number of other studies have also 

investigated the association of genotypes at these positions and found varying results like 

a study in Turkish population revealed that genotype GG at -308 position was associated 

with higher fibrosis and ALT levels and hence may be associated with better treatment 

outcomes (Yu et al., 2003). Similarly another study reported that the prevalence of GG, 

GA and AA genotypes in the observed patients was found to be 74%, 23% and 3% in 

studied patients, these analysis are in coherence with our analysis (Yenigün et al., 2003).  

A study also reported no association between TNF-α genotype variation and anti-HCV 

therapy in shape of interferon/ribavirin, which confirms our results and also in the 

pathogenicity of HCV infection (Yue et al., 2015). Genotype frequency at HLA-DRB1 gene 

were analyzed and it was found that none of the genotype combination was significantly 

associated with response to interferon therapy in HCV infected patients (p>0.05). There 

are few studies conducted in regard to the genotype distribution of HLA-DRB1 alleles in 

patients receiving anti-HCV therapy. 

Importance of HLA-DRB1 genotypes in defining the outcome of HCV infection cannot be 

neglected (Xu et al., 2014). Genotype distribution of HLA-DQB1 in therapy group patients 

were also analyzed in this study and it was found that all the genotypes observed at the 

analyzed position in the HLA-DQB1 were not significantly associated with the treatment 

outcomes in HCV infected patients. As mentioned above that host genetic and 
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sociodemographic factors mediate immune responses and hence the response can be 

attributed to the complex series of events (Pasha et al., 2014; Corchado et al., 2013). We 

also came to know that data regarding genotype polymorphism of HLA-DQB1 with HCV 

treatment outcomes is scarce especially in Pakistani population and this is a first study 

confirming the association of genetic variation with treatment outcomes in Pakistani 

population.  

Associations of genotype variations in spontaneously cleared (SR) and chronically infected 

(CI) patients were also analyzed in the three genes. Data revealed that genotype prevalence 

at all positions in the TNF-α promoter regions were not significantly associated with 

development of SR or CI in the infected patients. A study reported that TNF-α AG and GG 

at -308 position were associated with susceptibility to HCV infection, which is not in 

concordance with our study (Nowakowska et al., 2004).  

Similarly another study reported that genotype GG at -238 position of TNF-α gene was an 

independent factor for development of liver cirrhosis (Cangussu et al., 2011). Genotype 

distribution at studied loci of HLA-DRB1 gene also revealed that none of the observed 

genotype was associated with the development of SR or CI in the studied group of patients 

in this study. Studies have reported that genotype polymorphism in the HLA-DRB1 gene 

may be responsible for the spontaneous clearance of HCV infection and is dependent on 

the patient ethnicity (Zeisel et al., 2013). Genotype distributions in gender revealed that 

the distributions in both TNF-α and HLA-DQB1 genes were not significantly associated 

with HCV infection (p>0.05) and therefore are not described here. The genotype 

prevalence at two position in the HLA-DRB1 were found to be significantly associated with 

HCV infection in both male and female patients. Genotype distribution at 6151(T/C) 

position showed that genotypes TT and CC were significantly distributed in male and 

female patients with p= 0.044, odd ratio of 0.475 and 95% CI of 0.2292 to 0.9857 and p= 

0.033, odd ratio of 0.446 and 95% CI of 0.2117 to 0.9431 respectively. Similarly genotype 

TG at 6231 position in HLA-DRB1 gene was also significantly associated with HCV 

infection in studied patients (p= 0.026, OR= 0.3265, 95% CI; 0.1197 to 0.890). 

 It is assumed that genotypes at these positions may be play a role in the selection of 

epitopes and presenting these epitopes to CD4T cells, which may lead to an efficient 

immune response against the virus (Xu et al., 2013; He et al., 2011; Rosen et al., 2002).The 



Discussion 

         114 
  

current study also investigated the role of TNF-α and HLA class II alleles with the outcomes 

of interferon/ribavirin therapy along with the spontaneous recovery and chronic infection 

in the studied group of patients. Allelic distribution in the TNF-α gene showed no 

significant association in any of the observed group. Polymorphism in gene regulating 

region of TNF alpha can affect the overall expression and secretion of cytokine.  

Studies have reported that polymorphism in these cytokine genes affect the process of 

inflammation, autoimmune response, infectious diseases and allograft rejection (Yen et al., 

2008; Schneider et al., 2004). SNP present in the respective genes that are responsible for 

the both pro and anti- inflammatory effects may help in the antiviral therapy responses. 

TNF-αand IL-10 performs a major role in regulation of cellular and immune responses to 

HCV infection (Dogra et al., 2011). Polymorphisms at  -238G/A, -308G/A and-863C/A 

positions were analyzed in this study in order to associate the effect of SNPs in TNF-α gene 

with anti-HCV therapy and HCV infection outcomes in Pakistani population. Allelic 

polymorphisms at -238G/A, -308G/A and-863C/A positions in the promoter region of TNF 

gene were found to have no effect on the response to therapy or infection outcome in case 

of HCV infection. In addition these allelic variations also had no association in the gender 

based allelic prevalence in the studied patients. A large number of studies have focused on 

the association of TNF-α promoter region polymorphisms and their outcomes in HCV 

infected populations. A meta-analysis study reported no association of TNF-α- 238, -308 

gene polymorphisms with HCV susceptibility and infection (Corchado et al., 2013). 

Similarly another study failed to associate any link between these polymorphisms and 

response to interferon therapy, which is in coherence with our study (Dai et al., 2006). 

Similarly other studies also reported no association of TNF-α promoter region 

polymorphisms in HCV infection outcomes (Gunal et al., 2017; Williams et al., 2004; 

Danzer et al., 2017).  

Major Histocompatibility Complex (MHC) is regarded as the most highly polymorphic 

genes in the human genome and it is thought that this extreme allelic polymorphism could 

be a mechanism to counteract a broad range of antigens and pathogens (Nicole and Elahi, 

2017; Robinson et al., 2014). Polymorphism in these genes can result in the change of 

amino acid sequence, which could further result in the altered peptide binding (NCBI). The 
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α and β domains of the MHC complex are responsible for the antigen presentation and 

processing (Wagner et al., 2012). 

 In this study SNPs in the exon 2 of the HLA-DRB1 gene were analyzed, exon 2 codes for 

the extracellular domain of the MHC complex (NCBI). It was revealed that in R and NR 

patients only one SNP at 6228 (C/T) (rs2308802) was significantly associated with 

response to antiviral therapy in studied patients (p=0.010, OR=2.23, 95% CI; 1.02 to 4.12). 

Different studies have been carried out to analyze this polymorphism like a study carried 

out in Caucasian population showed the distribution of rs2308802 haplotype in studied 

patients (Logar et al., 2002; Andersen et al., 1991). 

Gender based allelic differentiation showed that a novel SNP at position 6231 (T/C/G) 

showed significant association with HCV infection in both male and female patients 

(p=0.008, OR=0.50, 95% CI; 0.29 to 0.840). This polymorphism was reported for the first 

time in HCV infected patients in Pakistani population. Allelic distribution of SNPs in the 

HLA-DRB1 gene in SR and CI groups showed no significant association with disease 

outcome in studied patients in this study, as many sociodemographic factors may be 

related, which elaborates the need of further research and analysis in this context of 

immunogenetics.  

Allelic polymorphism at the promoter region of HLA-DQB1 gene was analyzed in the 

studied group of patients. Analysis at -8447 (C/A/T/G) position polymorphism revealed 

that allelic polymorphism at this position was significantly associated with response to 

interferon therapy in therapy group (p=0.028, OR=0.44, 95% CI; 0.210 to 0.925). Similarly 

SNPs at -84471 (A/G/C) position was also significantly associated with response to 

interferon therapy in studied group of patients (p=0.036, OR=1.84, 95% CI; 1.038 to 

3.627).  

These polymorphisms at the promoter region of HLA-DQB1 gene were first time reported 

to be associated with response to IFN/RBV therapy. The promoter region of this gene is 

known to be associated with the transcriptional control of the whole gene. Various studies 

have investigated the role of HLA-DQB1 promoter region association with different disease 

outcomes, like systemic lupus erythematosus, autoimmune hepatitis and transcriptional 

regulation of DQB alleles and reported various associations of SNP with disease outcomes 
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in various groups of patients (Fernandez et al., 1998; Zajacova et al., 2015; Huang et al., 

2015; Sammi et al., 2015). 

Multivariate logistic regression analysis of HLA-DRB1 rs2308802 and HLA-DQB1 -8471 

SNPs in responsive and non-responsive patients revealed that these SNPs were predictors 

for anti-HCV therapy response in studied patients. The p values and odd ratios were highly 

significant in developing response to anti-HCV therapy. The multivariate logistic 

regression analyses were significantly associated when adjusted for age, whereas non-

significantly associated when adjusted for gender in studied patients. Haplotypes for the 

studied group of genes were constructed and percentiles for the each haplotype were 

calculated. The most prevalent haplotype in each gene were determined and showed in the 

results section.  

A number of studies have described haplotypes for these genes and their respective 

prevalence rates (Hydes et al., 2015; Ansari et al., 2015; Sedighimehr et al., 2017). A large 

number of studies have focused on the association of single nucleotide polymorphisms 

(SNPs) in the immune system genes and their outcomes in the context of interferon-

ribavirin therapy for HCV infection (Chen et al., 2014). A study conducted in Iranian 

patients revealed that HLA SNPs rs4273729, along with IFNL4 rs469415590 and IL28B 

rs12979860 were influential predictors for rapid virological response in patients 

treatedwith peg-interferon and ribavirin (Chen et al., 2016). Similarly another study also 

reported a significant association of HLA, SNP rs4273729 and IL-28B rs12980275 with the 

therapy outcomes in infected patients (Susser et al., 2014). SNPs in the HLA-DM region of 

class II gene (rs23544, rs1063478) were found to be associated with anti-HCV therapy 

outcomes in Chinese Han population (Aziz et al., 2015). 

In-addition IFN-L4 and IL28B genotypes were found to be predictors of response to 

interferon and ribavirin therapy HCV infected patients (Huang et al., 2014; Gheorghe et 

al., 2014). Candidate gene analysis of 9 HLA genes revealed that HLA-DOB rs7383287, 

HLA-DMA rs1063478 and HLA-DOA rs2284191 were the novel loci involved in the 

development of HCV infection (Nozawa et al., 2013). Allelic polymorphism in the HLA-

DRB1 gene among Romanian patients revealed that HLA-DRB1*0301, DRB1*0701 and 

DRB1*11 may have a significant role in developing a therapeutic response against HCV 

infection (Farag et al., 2013). A study conducted in HCV genotype 1b infected Japanese 
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patients reported that HLA-B/KIR3 and HLA-C1/KIR2 were significantly associated with 

response to interferon-ribavirin therapy (Marangon et al., 2012).  

HLA-A01 and HLA-B38 allelic distribution is responsible or may have an impact in 

generating response to peg-IFN-ribavirin therapy in HCV infected Egyptian patients 

(Shaker et al., 2013). Role of HLA-DRB1 and DQB1 allelic variations were investigated in 

Brazilian patients and they found that DRB1 alleles DRB1*11 along with DQB1*03 were 

more frequent in the in the interferon-ribavirin therapy responsive group, similarly another 

study also reported a positive association of HLA-DRB1 alleles with the development of 

response to interferon-ribavirin therapy (De Rueda et al., 2011). These studied suggest the 

role of multiple host genetic factors and their possible outcomes in defining the outcomes 

for HCV infection in both therapy and non-therapy groups. Similarly these studies also 

elaborates the HCV infection outcomes in patients groups like chronically infected and 

spontaneously recovered groups. 

This study demonstrated that allele frequencies at 3 of the 20 SNPs were varying 

significantly among the R and NR patients, i.e., HLA-DRB1 rs2308802, HLA-DQB1 -8447, 

and HLA-DQB1 -8471. Two of these SNPs were novel. However, in the multivariate 

analyses, HLA-DQB1 -8471 was detected to be a significant predictor of response to 

treatment, in the presence of HLA-DQB1 rs230880. Further analyses of locus HLA-DQB1-

8471 depicted that G allele was highly prevalent in the NR group compared to R (51% vs. 

36%, respectively), while allele A was more pronounced among the R group compared to 

NR (64% vs. 47%; OR: 1.94; 95% CI: 1.038-3.627). A review of published studies reveals 

that different combinations of SNPs in HLA cluster appear to be associated with HCV 

clearance or treatment response. Further, a certain SNP associated with a patient group in 

one population may appear to be non-significant with the patient group in other population. 

For instance, Ksiaa et al. showed that in patients of Tunisian origin, DRB1*08 was 

associated with HCV clearance, DRB1*15 appeared to be a risk marker for viral 

persistence (Ksiaa et al., 2006). Similarly, in a study carried out in Spain, de Rueda et al. 

observed favorable treatment response among the HCV infected patients harboring 

𝐷𝑄𝐵∗0301 allele. Other studies however, showed no significant differences in the allelic 

polymorphisms at DQBI among the spontaneously recovered and chronically infected 
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patients.Similarly Romero et al. reported no association of HLA polymorphism 

DQB1*0301 and the SR and CI patients (Romero et al., 2015). 

Furthermore, the distribution of allelic polymorphisms at 20 SNPs showed no significant 

differences among the SR and CI groups. At HLA-DQB1 (-8471), the genotype frequencies 

were scientifically varying between SR and CI. Multivariate analyses did not reveal any 

significant association between genotypes and disease status. This discrepancy between the 

univariate and multivariate results could be due to ethnic heterogeneity in patients and 

small sample size. In addition to observing the association of SNPs with the disease status, 

we constructed haplotypes for each gene. SNPs were analysed in three categories. 

Haplotypes were generated by manually reading the sequence traces and their relative 

frequencies were calculated. Our analyses showed that the differences in the distribution 

of haplotypes were statistically not significant between R and NR, and between CI and SR 

patients.  

Linkage disequilibrium (LD) is the non-random association of alleles at particular loci 

having the ability to inherit together (Houldsworth et al., 2015). A number of factors can 

influence the patterns of LD, factors like population ethnicity, genetic drift, mutation rate 

and non-random mating (Ardlie et al., 2002). Genome wide linkage analysis for the 

identification genetic basis of diseases has not yet al been promising and effective strategies 

would be needed (Freimer and Sabatti, 2004; Risch, 2000). One of the major issue in 

HapMap and disease association mapping is the varying pattern of LD across different 

populations. New genotype and haplotype maps are required to confirm disease and linkage 

associations in various populations (Cavalli-Sforza et al., 1994; David et al., 2005).  

 

LD analyses were carried out for the genotypes observed in this study. Linkage analysis 

for TNF-α gene revealed no significant association for the identified set al of genotypes in 

studied patients. Linkage disequilibrium analysis (LD) for three SNPs -238 G/A, -308 G/A, 

-863 C/A tagged as snp1, snp2, snp3 at TNF-α genewere analyzed. The D’ statistics showed 

varying results whereas chi square distributions showed no significant associations for LD 

in all three SNPs studied in TNF-α gene. A combination of haplotypes in TNF-α and HLA 

genes can have a progressive role in HCV infection and therapy outcome, however 
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genotypes interplay can also have a significant role in defining HCV disease outcome 

(Tibbs et al., 1996).  

LD analysis for HLA-DRB1 gene revealed some linkage patterns as shown in the Figure 

4.27 in results section. The heat map showed that there is linkage between various 

genotypes at different SNPs across the gene. In this gene genotype at SNP 4 (6151 (T/C) 

rs 1064664) was in LD with SNP 7 (6228 (C/T) rs 2308802). Similarly SNP 5 (6167 

(A/C/T) rs 7079657) genotype was also in linkage with SNP 6 (6192 (C/T) rs 776046212). 

SNP 5 (6167 (A/C/T) rs 7079657) and SNP 6 6192 (C/T) rs 776046212) along with SNP7 

(6228 (C/T) rs 2308802) were also found to be in linkage with SNP 9 (6236 (A/C) rs 

1059586). Another genotype found to be in linkage with SNP 8 (6231 (T/C/G) rs 3167799) 

was SNP 10 (6251 (A/T) rs 397844204).  

The most linked SNP in these analyses is SNP 9, which is linked to three SNPs. All the 

genotypes analyzed on these SNPs were found to be in linkage with each other and rightly 

so because these genotypes are located very close to each other on same fragment and gene, 

so there are higher chances that there is LD in these sets of SNPs. Further analyses is 

required regarding these genotypes and SNPs to conform their importance and role in HCV 

immunogenetics. 

HLA-DQB1 linkage patterns were also analyzed; tables and maps were generated and 

shown in the results section. Linkage analysis of different SNPs at this gene also showed 

linkage disequilibrium. SNP 11 (-8471 (A/G/C)rs unknown) and SNP 12 (-8465 (G/A/C) 

rs9273552) were found to be in LD in this analysis. Similarly SNP 11 (-8471 (A/G/C) 

6:32628910) was also linked with SNP 15 (-8362 (A/C/G) rs unknown), along with SNP 

16 (-8344 (C/T) rs unknown) and SNP 17 (-8331 (T/G) rs unknown). SNP 12 (-8465 

(G/A/C) rs9273552) was found to be linked with both 16 (-8344 (C/T) rs unknown) and 

SNP 17 (-8331 (T/G) rs unknown). Similarly SNP 12 was also found to be linked with SNP 

20 (-8288 (C/G) rs 9273598).  SNP 13 (-8447 (C/A/G/T) rs unknown) was found to be 

linked with SNP 18 (-8307 (A/C/G) rs 9273588), whereas SNP 16 (-8344 (C/T) rs 

unknown) and SNP 17 (-8331 (T/G) rs unknown). Similarly SNP 19 (-8298 (C/G) 

rs9273592) was found to be linked with SNP 20 (-8288 (C/G) rs 9273598).  

The most common linkage patterns were observed in SNP 11, 12 and 20. As we are aware 

of the fact that due to the occurrence of linkage disequilibrium, SNPs are segregated in 
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non-random method, which results in the identification and explanation for the haplotype 

blocks. In the region of haplotype block information regarding a locus can result in 

prediction of the genotype at the corresponding connected polymorphic loci (Doyle et al., 

2012). Such information regarding a tagged SNPs can be widely used as a shortcut for 

genotyping in GWAS and further may result in the identification of multiple genotypes 

from a single SNP. A project entitled human HapMap resulted in creation of tag SNPs 

database that can help in the analysis of similar variations in the genome and determination 

of linkage disequilibrium in analyzed set of patients (HapMap consortium, 2005). 

A number of studies have concluded LD in genotypes and haplotypes and its association 

with HCV therapy outcome. A study reported LD in HLA-DRB1*11 and HLA-DQB1*0301 

alleles as predictor of therapy response in studied patients; similarly haplotypes were also 

found to be predictors of response in Pakistani population (Lubna et al., 2010). Another 

study reported that DRB1*11 and DQB1*0301 haplotypes were in LD and were 

responsible for clearance of HCV infection (Minton et al., 1996). 

Another study conducted by a Chinese group reported that HLA allele’s rs3077 and 

rs2395309 were in close and highly significant LD and were responsible for natural 

susceptibility to HCV infection (Ming et al., 2015). Similarly DRB1*11 and DQB1*03 

alleles were associated with presentation of viral peptides into CD4T cells and hence 

efficient immune response against HCV infection, these haplotypes were in LD and play 

an important role in modeling the anti-HCV response (Cangussu et al., 2005). A study 

reported that close LD among alleles DQB1*0301 andDRB1*1101 of HLA class II 

regionwere providing protection against HCV infection in studied group of patients 

(Corghi et al., 2010). The HLA class C alleles Cw*04 and B*5301 were in strong linkage 

disequilibrium can result in increased persistent HCV infections (Thio et al., 2002).
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5.1. Conclusion 

Conclusively, epidemiological aspects and association of host genetic factors in 

determining the outcome of anti-HCV therapy were deciphered. This study reported allelic 

variations at 20 different SNPs in TNF-α, HLA-DRB1, and HLA-DQB1 in a cohort of HCV 

infected patients of Pakistani origin. This cohort study also reported the distribution of five 

novel SNPs in the promoter region of HLA-DQB1. Further, a novel SNP HLA-DQB1 (-

8471) emerged as a predictor of positive response to anti-HCV therapy in HCV-infected 

Pakistani patients. Mapping analysis revealed that three SNPs in the TNF-α gene mapped 

into promoter of the gene, similarly seven SNPs observed in HLA-DRB1 gene mapped into 

exon two of the HLA-DRB1 gene, whereas ten SNPs observed in HLA-DQB1 gene mapped 

into promoter region of gene. Patient genotype analysis showed that none of the genotype 

at TNF-α gene was associated with therapy outcome or HCV disease outcome. Genotypes 

at -8362 and 6151 (rs1064663) and 6231 (rs3167799) at HLA-DQB1 and HLA-DRB1 gene 

were significantly associated with infection and therapy outcome. Haplotype analysis 

revealed none of the generated haplotypes were known to have a statistically significant 

association with therapy response or HCV infection outcomes in studied group of patients. 

Analysis of linkage disequilibrium in studied patients showed that there was linkage among 

various SNPs of HLA-DRB1, DQB1 genes. Dominancy models for all the genotypes at 

studied SNPs were generated and varying associations were found among the prevalent 

genotypes and study groups. This study reveals that prescreening of this variant before 

therapy would benefit patients with HCV. These findings are vital in describing new 

therapeutic formulations for the treatment of HCV infection in Pakistani population. 

Genotyping of these identified variants can help in development of personalized medicines 

or pan-genotype DAAs in future. Mainstream patients belonged to Islamabad and 

Rawalpindi, whereas jaundice, fatigue, abdominal discomfort, anorexia and malaise were 

the prevalent symptoms. Age group 31-40 years was frequent among studied patients and 

injections, intravenous infusions, barber visits and skin piercing were the prevalent risk 

factors.  Average HCV viral load was 4,137,337 IU/ml in studied patients whereas the most 

prevalent genotype was genotype 3a (86%) in all patients. These demographic and patient 

history information reveal that solid steps should be taken by Government of Pakistan to 

raise awareness among the people regarding the transmission and preventive measures for 
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HCV infection. Awareness campaigns on Television, Radio and social media can help in 

controlling the spread of this silent killer in general population of Pakistan. 
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5.2. Future prospects 

A number of genes are involved in mediating the immune responses against HCV infection. 

In addition to the role of SNPs in TNF-α, HLA-DRB1 and HLA-DQB1 in response to 

interferon/ribavirin therapy, the association of polymorphism in other genes like IFNL3/4, 

KIR, and TLRs can be investigated in the studied population. Linkage disequilibrium 

studies describing the association of the above mentioned genes can provide an insight to 

the genetic basis of response to anti-HCV therapy and inheritance patterns in Pakistani 

population. Similarly more studies confirming the association of identified SNPs in these 

genes with more aggressive regimens such as pan-genotype DAAs can be conducted. 

Similarly docking and simulation studies of the identified SNPs in this study can further 

elaborate the molecular associations among the variant and therapy response.  Knock out 

mice models for these identified SNPs can be generated in order to confirm the association 

of response to therapy and genetic polymorphism in the respective group of patients. 

Association of interferon lambda with anti-HCV therapy in Pakistani population has been 

investigated; a combinatorial analysis of analyzed genes in this study and interferon lambda 

can be executed. Ethnic based analysis of these identified SNPs can also be carried out in 

Pakistani population and compared for anti-HCV therapy response. GWAS analyzing the 

HCV immunogenetics can also be conducted in Pakistani population. Similarly in addition 

to genotype 3a, association of other HCV genotypes with disease progression and therapy 

response can also be carried out. Prevalence studies confirming HCV prevalence along 

with prevalent genotypes and associated risk factors can also be carried out in Pakistani 

population preceded by more immunogenetic analysis. 



References 

         124 
  

References 

AASLD, I., 2014. IAS–USA. Recommendations for testing, managing, and treating 

hepatitis C. 

Abbas, S.Z., Ali, M., Muhammad, A.H., Shaw, S. and Abbas, S.Q., 2009. Frequency of 

HCV infection and its genotypes among patients attending a liver clinic and voluntary 

blood donors in a rural area of Pakistan. Pak J Med Sci, 25(4), pp.579-82. 

Abdelwahab, S.F., 2016. Cellular immune response to hepatitis-C-virus in subjects without 

viremia or seroconversion: is it important?. Infectious agents and cancer, 11(1), p.23. doi: 

10.1186/s13027-016-0070-0 

Aguinaga, A., Díaz-González, J., Pérez-García, A., Barrado, L., Martínez-Baz, I., Casado, 

I., Juanbeltz, R., Ezpeleta, C. and Castilla, J., 2018. The prevalence of diagnosed and 

undiagnosed hepatitis C virus infection in Navarra, Spain, 2014-2016. Enfermedades 

infecciosas y microbiologia clinica,36(6):325-331. 

Ahmed, F., Irving, W.L., Anwar, M., Myles, P. and Neal, K.R., 2012. Prevalence and risk 

factors for hepatitis C virus infection in Kech District, Balochistan, Pakistan: most 

infections remain unexplained. A cross-sectional study. Epidemiology & Infection, 140(4), 

pp.716-723. 

Akhtar, M.A., 2015. Cost-Effective Treatment of Genotype-3 Chronic Hepatitis C. Journal 

of the College of Physicians and Surgeons Pakistan, 25(1), pp.78-79. 

Akram, M., Idrees, M., Zafar, S., Hussain, A., Butt, S., Afzal, S., Rehman, I.U., Liaqat, A., 

Saleem, S., Ali, M. and Butt, A., 2011. Effects of host and virus related factors on 

interferon-α+ ribavirin and pegylated-interferon+ ribavirin treatment outcomes in chronic 

Hepatitis C patients. Virology journal, 8(1), p.234. doi: 10.1186/1743-422X-8-234. 
Al Basatena, N.K.S., MacNamara, A., Vine, A.M., Thio, C.L., Astemborski, J., Usuku, K., 

Osame, M., Kirk, G.D., Donfield, S.M., Goedert, J.J. and Bangham, C.R., 2011. KIR2DL2 

enhances protective and detrimental HLA class I-mediated immunity in chronic viral 

infection. PLoS pathogens, 7(10), p.e1002270.  doi: 10.1371/1002270. 

Albecka, A., Belouzard, S., de Beeck, A.O., Descamps, V., Goueslain, L., Bertrand‐

Michel, J., Tercé, F., Duverlie, G., Rouillé, Y. and Dubuisson, J., 2012. Role of low‐density 

lipoprotein receptor in the hepatitis C virus life cycle. Hepatology, 55(4), pp.998-1007. 



References 

         125 
  

Albertoni, G., Girão, M.J.B.C. and Schor, N., 2014. Mini review: current molecular 

methods for the detection and quantification of hepatitis B virus, hepatitis C virus, and 

human immunodeficiency virus type 1. International Journal of Infectious Diseases, 25, 

pp.145-149. 

Alborino, F., Burighel, A., Tiller, F.W., Van Helden, J., Gabriel, C., Raineri, A., Catapano, 

R. and Stekel, H., 2011. Multicenter evaluation of a fully automated third-generation anti-

HCV antibody screening test with excellent sensitivity and specificity. Medical 

microbiology and immunology, 200(2), pp.77-83. 

Alexopoulou, L., Holt, A.C., Medzhitov, R. and Flavell, R.A., 2001. Recognition of 

double-stranded RNA and activation of NF-kappaB by Toll-like receptor 

3. Nature, 413(6857), p.732-8. 

Ali, A., Nisar, M., Ahmad, H., Saif, N., Idrees, M. and Bajwa, M.A., 2011. Determination 

of HCV genotypes and viral loads in chronic HCV infected patients of Hazara 

Pakistan. Virology journal, 8(1), p.466. doi: 10.1186/1743-422X-8-466. 

Ali, L., Mansoor, A., Ahmad, N., Siddiqi, S., Mazhar, K., Muazzam, A.G., Qamar, R. and 

Khan, K.M., 2010. Patient HLA-DRB1* and-DQB1* allele and haplotype association with 

hepatitis C virus persistence and clearance. Journal of General Virology, 91(8), pp.1931-

1938. 

Ali, M., Afzal, S., Zia, A., Hassan, A., Khalil, A.T., Ovais, M., Shinwari, Z.K. and Idrees, 

M., 2016. A systematic review of treatment response rates in Pakistani hepatitis C virus 

patients; current prospects and future challenges. Medicine, 95(50). doi: 

10.1097/MD.0000000000005327 

Al‐Qahtani, A., Al‐Ahdal, M., Abdo, A., Sanai, F., Al‐Anazi, M., Khalaf, N., Viswan, 

N.A., Al‐Ashgar, H., Al‐Humaidan, H., Al‐Suwayeh, R. and Hussain, Z., 2012. Toll‐like 

receptor 3 polymorphism and its association with hepatitis B virus infection in Saudi 

Arabian patients. Journal of medical virology, 84(9), pp.1353-1359. 

Alter, G., Jost, S., Rihn, S., Reyor, L.L., Nolan, B.E., Ghebremichael, M., Bosch, R., 

Altfeld, M. and Lauer, G.M., 2011. Reduced frequencies of NKp30+ NKp46+, CD161+, 

and NKG2D+ NK cells in acute HCV infection may predict viral clearance. Journal of 

hepatology, 55(2), pp.278-288. 

https://doi.org/10.1097/MD.0000000000005327


References 

         126 
  

Alter, M.J., 2007. Epidemiology of hepatitis C virus infection. World journal of 

gastroenterology: WJG, 13(17), p.2436-41. 

Alter, M.J., Gerety, R.J., Smallwood, L.A., Sampliner, R.E., Tabor, E., Deinhardt, F., 

Frösner, G. and Matanoski, G.M., 1982. Sporadic non-A, non-B hepatitis: frequency and 

epidemiology in an urban US population. Journal of Infectious Diseases, 145(6), pp.886-

893. 

Alvisi, G., Madan, V. and Bartenschlager, R., 2011. Hepatitis C virus and host cell lipids: 

an intimate connection. RNA biology, 8(2), pp.258-269. 

Amadei, B., Urbani, S., Cazaly, A., Fisicaro, P., Zerbini, A., Ahmed, P., Missale, G., 

Ferrari, C. and Khakoo, S.I., 2010. Activation of natural killer cells during acute infection 

with hepatitis C virus. Gastroenterology, 138(4), pp.1536-1545. 

Amini, M. and Poustchi, H., 2012. Hepatitis C virus spontaneous clearance: immunology 

and genetic variance. Viral immunology, 25(4), pp.241-248. 

Andersen, L.C., Beaty, J.S., Nettles, J.W., Seyfried, C.E., Nepom, G.T. and Nepoom, B.S., 

1991. Allelic polymorphism in transcriptional regulatory regions of HLA-DQB 

genes. Journal of Experimental Medicine, 173(1), pp.181-192. 

Ansari, M.A., Pedergnana, V., Ip, C.L., Magri, A., Von Delft, A., Bonsall, D., Chaturvedi, 

N., Bartha, I., Smith, D., Nicholson, G. and McVean, G., 2017. Genome-to-genome 

analysis highlights the effect of the human innate and adaptive immune systems on the 

hepatitis C virus. Nature genetics, 49(5), p.666-673. 

Appleby, T.C., Perry, J.K., Murakami, E., Barauskas, O., Feng, J., Cho, A., Fox, D., 

Wetmore, D.R., McGrath, M.E., Ray, A.S. and Sofia, M.J., 2015. Structural basis for RNA 

replication by the hepatitis C virus polymerase. Science, 347(6223), pp.771-775. 

Ardlie, K.G., Kruglyak, L. and Seielstad, M., 2002. Patterns of linkage disequilibrium in 

the human genome. Nature Reviews Genetics, 3(4), p.299-309. 

Arnaud, N., Dabo, S., Akazawa, D., Fukasawa, M., Shinkai-Ouchi, F., Hugon, J., Wakita, 

T. and Meurs, E.F., 2011. Hepatitis C virus reveals a novel early control in acute immune 

response. PLoS pathogens, 7(10), p.e1002289. doi: 10.1371/journal.ppat.1002289 

Arnaud, N., Dabo, S., Maillard, P., Budkowska, A., Kalliampakou, K.I., Mavromara, P., 

Garcin, D., Hugon, J., Gatignol, A., Akazawa, D. and Wakita, T., 2010. Hepatitis C virus 

https://doi.org/10.1371/journal.ppat.1002289


References 

         127 
  

controls interferon production through PKR activation. PloS one, 5(5), p.e10575. doi: 

10.1371/journal.pone.0010575. 
Arshad, A. and Ashfaq, U.A., 2017. Epidemiology of hepatitis C infection in Pakistan: 

current estimate and major risk factors. Critical Reviews™ in Eukaryotic Gene 

Expression, 27(1). P63-77. 

Ashraf, S., Nitschke, K., Warshow, U.M., Brooks, C.R., Kim, A.Y., Lauer, G.M., Hydes, 

T.J., Cramp, M.E., Alexander, G., Little, A.M. and Thimme, R., 2013. Synergism of 

tapasin and human leukocyte antigens in resolving hepatitis C virus 

infection. Hepatology, 58(3), pp.881-889. 

Askar, E., Bregadze, R., Mertens, J., Schweyer, S., Rosenberger, A., Ramadori, G. and 

Mihm, S., 2009. TLR3 gene polymorphisms and liver disease manifestations in chronic 

hepatitis C. Journal of medical virology, 81(7), pp.1204-1211. 

Attaullah, S., Khan, S. and Ali, I., 2011. Hepatitis C virus genotypes in Pakistan: a systemic 

review. Virology journal, 8(1), p.433. doi: 10.1186/1743-422X-8-433. 

Avó, A.P., Água‐Doce, I., Andrade, A. and Pádua, E., 2013. Hepatitis C virus subtyping 

based on sequencing of the C/E1 and NS5B genomic regions in comparison to a 

commercially available line probe assay. Journal of medical virology, 85(5), pp.815-822. 

Aziz, H., Gil, M.L., Waheed, Y., Adeeb, U., Raza, A., Bilal, I. and Athar, M.A., 2011. 

Evaluation of prognostic factors for peg interferon alfa-2b plus ribavirin treatment on HCV 

infected patients in Pakistan. Infection, Genetics and Evolution, 11(3), pp.640-645. 

Aziz, H., Raza, A., Ali, K., Khattak, J.Z.K., Irfan, J. and Gill, M.L., 2015. Polymorphism 

of the IL28B gene (rs8099917, rs12979860) and virological response of Pakistani hepatitis 

C virus genotype 3 patients to pegylated interferon therapy. International Journal of 

Infectious Diseases, 30, pp.91-97. 

Aziz, S., Khanani, R., Noorulain, W. and Rajper, J., 2010. Frequency of hepatitis B and C 

in rural and periurban Sindh. JPMA-Journal of the Pakistan Medical Association, 60(10), 

p.853-7. 

Badr, G., Bédard, N., Abdel-Hakeem, M.S., Trautmann, L., Willems, B., Villeneuve, J.P., 

Haddad, E.K., Sékaly, R.P., Bruneau, J. and Shoukry, N.H., 2008. Early interferon therapy 

for hepatitis C virus infection rescues polyfunctional, long-lived CD8+ memory T 

cells. Journal of virology, 82(20), pp.10017-10031. 



References 

         128 
  

Bailey, J.R., Wasilewski, L.N., Snider, A.E., El-Diwany, R., Osburn, W.O., Keck, Z., 

Foung, S.K. and Ray, S.C., 2015. Naturally selected hepatitis C virus polymorphisms 

confer broad neutralizing antibody resistance. The Journal of clinical 

investigation, 125(1), p.437-47. 

Bakr, I., Rekacewicz, C., El Hosseiny, M., Ismail, S., El Daly, M., El-Kafrawy, S., Esmat, 

G., Hamid, M.A., Mohamed, M.K. and Fontanet, A., 2006. Higher clearance of hepatitis 

C virus infection in females compared with males. Gut, 55(8), pp.1183-1187. 

Baril, M., Racine, M.E., Penin, F. and Lamarre, D., 2009. MAVS dimer is a crucial 

signaling component of innate immunity and the target of hepatitis C virus NS3/4A 

protease. Journal of virology, 83(3), pp.1299-1311. 

Barrett, S., Collins, M., Kenny, C., Ryan, E., Keane, C.O. and Crowe, J., 2003. 

Polymorphisms in tumour necrosis factor‐α, transforming growth factor‐β, interleukin‐10, 

interleukin‐6, interferon‐γ, and outcome of hepatitis C virus infection. Journal of medical 

virology, 71(2), pp.212-218. 

Bartenschlager, R., Lohmann, V. and Penin, F., 2013. The molecular and structural basis 

of advanced antiviral therapy for hepatitis C virus infection. Nature Reviews 

Microbiology, 11(7), pp.482-496. 

Batty, E.M., Wong, T.N., Trebes, A., Argoud, K., Attar, M., Buck, D., Ip, C.L., 

Golubchik, T., Cule, M., Bowden, R. and Manganis, C., 2013. A modified RNA-Seq 

approach for whole genome sequencing of RNA viruses from faecal and blood 

samples. PloS one, 8(6), p.e66129.doi: 10.1371/journal.pone.0066129. 

Bedimo, R., Westfall, A.O., Mugavero, M., Drechsler, H., Khanna, N. and Saag, M., 2010. 

Hepatitis C virus coinfection and the risk of cardiovascular disease among HIV‐infected 

patients. HIV medicine, 11(7), pp.462-468. 

Bengsch, B., Martin, B. and Thimme, R., 2014. Restoration of HBV-specific CD8+ T cell 

function by PD-1 blockade in inactive carrier patients is linked to T cell 

differentiation. Journal of hepatology, 61(6), pp.1212-1219. 

Bengsch, B., Thimme, R. and Blum, H.E., 2009. Role of host genetic factors in the outcome 

of hepatitis C virus infection. Viruses, 1(2), pp.104-125. 

Berenguer, J., Rodríguez, E., Miralles, P., Von Wichmann, M.A., López-Aldeguer, J., 

Mallolas, J., Galindo, M.J., Van Den Eynde, E., Téllez, M.J., Quereda, C. and Jou, A., 

https://doi.org/10.1371/journal.pone.0066129


References 

         129 
  

2012. Sustained virological response to interferon plus ribavirin reduces non–liver-related 

mortality in patients coinfected with HIV and Hepatitis C virus. Clinical Infectious 

Diseases, 55(5), pp.728-736. 

Berman, M., Alter, H.J., Ishak, K.G., Purcell, R.H. and Jones, E.A., 1979. The chronic 

sequelae of non-A, non-B hepatitis. Ann Intern Med, 91(1), pp.1-6. 

Blach, S., Zeuzem, S., Manns, M., Altraif, I., Duberg, A.S., Muljono, D.H., Waked, I., 

Alavian, S.M., Lee, M.H., Negro, F. and Abaalkhail, F., 2017. Global prevalence and 

genotype distribution of hepatitis C virus infection in 2015: a modelling study. The Lancet 

Gastroenterology & Hepatology, 2(3), pp.161-176. 

Black, R.A., Rauch, C.T., Kozlosky, C.J., Peschon, J.J., Slack, J.L., Wolfson, M.F., 

Castner, B.J., Stocking, K.L., Reddy, P., Srinivasan, S. and Nelson, N., 1997. A 

metalloproteinase disintegrin that releases tumour-necrosis factor-alpha from 

cells. Nature, 385(6618), p.729-33. 

Bordi, L., Caglioti, C., Garbuglia, A.R., Lapa, D., Castilletti, C., Taibi, C., Capobianchi, 

M.R. and Lalle, E., 2015. IFNL4 and IFNL3 associated polymorphisms strongly influence 

the spontaneous IFN-alpha receptor-1 expression in HCV-infected patients. PloS 

one, 10(2), p.e0117397. doi: 10.1371/journal.pone.0117397. 

Bosan, A., Qureshi, H., Bile, K.M., Ahmad, I. and Hafiz, R., 2010. A review of hepatitis 

viral infections in Pakistan. JPMA-Journal of the Pakistan Medical Association, 60(12), 

p.1045-58. 

Bostan, N., Mahmood, T., 2010. An overview about hepatitis C: a devastating virus. Crit 

Rev Microbiol, 36.91-133. 

Bouwmeester, T., Bauch, A., Ruffner, H., Angrand, P.O., Bergamini, G., Croughton, K., 

Cruciat, C., Eberhard, D., Gagneur, J., Ghidelli, S. and Hopf, C., 2004. A physical and 

functional map of the human TNF-[alpha]/NF-[kappa] B signal transduction 

pathway. Nature cell biology, 6(2), p.97-105. 

Bradley, D.W., Maynard, J.E., Popper, H., Cook, E.H., Ebert, J.W., McCaustland, K.A., 

Schable, C.A. and Fields, H.A., 1983. Posttransfusion non-A, non-B hepatitis: 

physicochemical properties of two distinct agents. Journal of Infectious Diseases, 148(2), 

pp.254-265. 



References 

         130 
  

Bradley, D.W., McCaustland, K.A., Cook, E.H., Schable, C.A., Ebert, J.W. and Maynard, 

J.E., 1985. Posttransfusion non-A, non-B hepatitis in chimpanzees: physicochemical 

evidence that the tubule-forming agent is a small, enveloped 

virus. Gastroenterology, 88(3), pp.773-779. 

Bradley, J.R., 2003. Histamine antagonizes tumor necrosis factor (TNF) signaling by 

stimulating TNF receptor shedding from the cell surface and Golgi storage pool. Journal 

of Biological Chemistry, 278(24), pp.21751-21760. 

Bradley, J.R., 2008. TNF‐mediated inflammatory disease. The Journal of 

pathology, 214(2), pp.149-160. 

Brubaker, S.W., Bonham, K.S., Zanoni, I. and Kagan, J.C., 2015. Innate immune pattern 

recognition: a cell biological perspective. Annual review of immunology, 33, pp.257-290. 

Buchanan, R., Hydes, T. and Khakoo, S.I., 2015. Innate and adaptive genetic pathways in 

HCV infection. HLA, 85(4), pp.231-240. 

Bukh, J., Engle, R.E., Faulk, K., Wang, R.Y., Farci, P., Alter, H.J. and Purcell, R.H., 2015. 

Immunoglobulin with high-titer in vitro cross-neutralizing hepatitis C virus antibodies 

passively protects chimpanzees from homologous, but not heterologous, 

challenge. Journal of virology, 89(17), pp.9128-9132. 

Cangussu, L.O.F., Teixeira, R., Campos, E.F., Rampim, G.F., Mingoti, S.A., Martins‐

Filho, O.A. and Gerbase‐DeLima, M., 2011. HLA class II alleles and chronic hepatitis C 

virus infection. Scandinavian journal of immunology, 74(3), pp.282-287. 

Cangussu, L.O.F., Teixeira, R., Campos, E.F., Rampim, G.F., Mingoti, S.A., Martins‐

Filho, O.A. and Gerbase‐ DeLima, M., 2011. HLA class II alleles and chronic hepatitis C 

virus infection. Scandinavian journal of immunology, 74(3), pp.282-287. 

Cao, X., Ding, Q., Lu, J., Tao, W., Huang, B., Zhao, Y., Niu, J., Liu, Y.J. and Zhong, J., 

2015. MDA5 plays a critical role in interferon response during hepatitis C virus 

infection. Journal of hepatology, 62(4), pp.771-778. 

Carosella, E.D., Gregori, S. and LeMaoult, J., 2011. The tolerogenic interplay (s) among 

HLA-G, myeloid APCs, and regulatory cells. Blood, 118(25), pp.6499-6505. 

Carswell, E.A., Old, L.J., Kassel, R., Green, S., Fiore, N. and Williamson, B., 1975. An 

endotoxin-induced serum factor that causes necrosis of tumors. Proceedings of the 

National Academy of Sciences, 72(9), pp.3666-3670. 



References 

         131 
  

Cassidy, S., Mukherjee, S., Myint, T.M., Mbiribindi, B., North, H., Traherne, J., Mulder, 

A., Claas, F.H., Purbhoo, M.A., Das, J. and Khakoo, S.I., 2015. Peptide selectivity 

discriminates NK cells from KIR2DL2‐and KIR2DL3‐positive patients. European journal 

of immunology, 45(2), pp.492-500. 

Castera, L., Hezode, C., Roudot-Thoraval, F., Bastie, A., Zafrani, E.S., Pawlotsky, J.M. 

and Dhumeaux, D., 2003. Worsening of steatosis is an independent factor of fibrosis 

progression in untreated patients with chronic hepatitis C and paired liver 

biopsies. Gut, 52(2), pp.288-292. 

Catanese, M.T., Uryu, K., Kopp, M., Edwards, T.J., Andrus, L., Rice, W.J., Silvestry, M., 

Kuhn, R.J. and Rice, C.M., 2013. Ultrastructural analysis of hepatitis C virus 

particles. Proceedings of the National Academy of Sciences, 110(23), pp.9505-9510. 

Cavalli-Sforza, L.L., Menozzi, P., Cavalli-Sforza, L., Cavalli-Sforza, L. and Piazza, A., 

1994. The history and geography of human genes. Princeton university press. 

Centers for Disease Control and Prevention (CDC, 2011). Establishment of a viral hepatitis 

surveillance system--Pakistan, 2009-2011. MMWR. Morbidity and mortality weekly 

report, 60(40), p.1385-90. 

Chan, F.K.M., Chun, H.J., Zheng, L., Siegel, R.M., Bui, K.L. and Lenardo, M.J., 2000. A 

domain in TNF receptors that mediates ligand-independent receptor assembly and 

signaling. Science, 288(5475), pp.2351-2354. 

Chen, H., Yao, Y., Wang, Y., Zhou, H., Xu, T., Liu, J., Wang, G., Zhang, Y., Chen, X., 

Liu, Q. and Huang, P., 2016. Polymorphisms of HLA-DM on treatment response to 

interferon/ribavirin in patients with chronic hepatitis C virus type 1 

infection. International journal of environmental research and public health, 13(10), 

p.1030.doi: 10.3390/ijerph13101030 

Chen, Y., Wang, S., Yi, Z., Tian, H., Aliyari, R., Li, Y., Chen, G., Liu, P., Zhong, J., Chen, 

X. and Du, P., 2014. Interferon-inducible cholesterol-25-hydroxylase inhibits hepatitis C 

virus replication via distinct mechanisms. Scientific reports, 4.doi: 10.1038/srep07242. 

Cheong, J.Y., Cho, S.W., Hwang, I.L., Yoon, S.K., Lee, J.H., Park, C.S., Lee, J.E., Hahm, 

K.B. and Kim, J.H., 2006. Association between chronic hepatitis B virus infection and 

interleukin‐10, tumor necrosis factor‐α gene promoter polymorphisms. Journal of 

gastroenterology and hepatology, 21(7), pp.1163-1169. 

https://doi.org/10.3390/ijerph13101030


References 

         132 
  

Chevaliez, S. and Pawlotsky, J.M., 2009. How to use virological tools for optimal 

management of chronic hepatitis C. Liver International, 29(s1), pp.9-14. 

Chevaliez, S. and Pawlotsky, J.M., 2012. Virology of hepatitis C virus infection. Best 

Practice & Research Clinical Gastroenterology, 26(4), pp.381-389. 

Chevaliez, S., Bouvier-Alias, M., Rodriguez, C., Soulier, A., Poveda, J.D. and Pawlotsky, 

J.M., 2013. The Cobas AmpliPrep/Cobas TaqMan HCV test, version 2.0, real-time PCR 

assay accurately quantifies hepatitis C virus genotype 4 RNA. Journal of clinical 

microbiology, 51(4), pp.1078-1082. 

Cooke, G.S., Lemoine, M., Thursz, M., Gore, C., Swan, T., Kamarulzaman, A., DuCros, 

P. and Ford, N., 2013. Viral hepatitis and the Global Burden of Disease: a need to 

regroup. Journal of viral hepatitis, 20(9), pp.600-601. 

Coppola, N., Alessio, L., Onorato, L., Sagnelli, C., Macera, M., Sagnelli, E. and Pisaturo, 

M., 2019. Epidemiology and management of hepatitis C virus infections in immigrant 

populations. Infectious diseases of poverty, 8(1), pp.1-10. 

Coppola, N., Pisaturo, M., Tonziello, G., Sagnelli, C., Sagnelli, E. and Angelillo, I.F., 2012. 

Efficacy of Pegylated interferon α-2a and α-2b in patients with genotype 1 chronic hepatitis 

C: a meta-analysis. BMC infectious diseases, 12(1), p.357.doi: 10.1186/1471-2334-12-

357. 

Corchado, S., Marquez, M., de Oca, M.M., Romero-Cores, P., Fernández-Gutiérrez, C. and 

Girón-González, J.A., 2013. Influence of genetic polymorphisms of tumor necrosis factor 

alpha and interleukin 10 genes on the risk of liver cirrhosis in HIV-HCV coinfected 

patients. PLoS One, 8(6), p.e66619.doi: 10.1371/journal.pone.0066619. 

Corchado, S., Marquez, M., de Oca, M.M., Romero-Cores, P., Fernández-Gutiérrez, C. and 

Girón-González, J.A., 2013. Influence of genetic polymorphisms of tumor necrosis factor 

alpha and interleukin 10 genes on the risk of liver cirrhosis in HIV-HCV coinfected 

patients. PLoS One, 8(6), p.e66619.doi: 10.1371/journal.pone.0066619. 

Corghi, D.B., Gonçales, N.S.L., Marques, S.B.D. and Gonçales Jr, F.L., 2008. Distribution 

of the human leukocyte antigen class II alleles in Brazilian patients with chronic hepatitis 

C virus infection. Brazilian Journal of Medical and Biological Research, 41(10), pp.884-

889. 



References 

         133 
  

Cornberg, M., Razavi, H.A., Alberti, A., Bernasconi, E., Buti, M., Cooper, C., Dalgard, O., 

Dillion, J.F., Flisiak, R., Forns, X. and Frankova, S., 2011. A systematic review of hepatitis 

C virus epidemiology in Europe, Canada and Israel. Liver International, 31(s2), pp.30-60. 

Cortez, K.J. and Kottilil, S., 2015. Beyond interferon: rationale and prospects for newer 

treatment paradigms for chronic hepatitis C. Therapeutic advances in chronic 

disease, 6(1), pp.4-14. 

Cox, A.L., 2015. Global control of hepatitis C virus. Science, 349(6250), pp.790-791. 

Crux, N.B. and Elahi, S., 2017. Human Leukocyte Antigen (HLA) and Immune 

Regulation: How Do Classical and Non-Classical HLA Alleles Modulate Immune 

Response to Human Immunodeficiency Virus and Hepatitis C Virus Infections?. Frontiers 

in immunology, 8, p.83.  doi: 10.3389/fimmu.2017.00832. 
Crux, N.B. and Elahi, S., 2017. Human leukocyte antigen (HLA) and immune regulation: 

how do classical and non-classical HLA alleles modulate immune response to human 

immunodeficiency virus and hepatitis C virus infections?. Frontiers in immunology, 8, 

p.832. doi: 10.3389/fimmu.2017.00832. 
Dai, C.Y., Chuang, W.L., Chang, W.Y., Chen, S.C., Lee, L.P., Hsieh, M.Y., Hou, N.J., 

Lin, Z.Y., Huang, J.F., Hsieh, M.Y. and Wang, L.Y., 2006. Tumor Necrosis Factor–α 

Promoter Polymorphism at Position− 308 Predicts Response to Combination Therapy in 

Hepatitis C Virus Infection. The Journal of infectious diseases, 193(1), pp.98-101. 

Danilau, D., Litvinchuk, D., Solovey, N., Krasko, O. and Karpov, I., 2017. Association of 

TNF-α and CCL5 with response to interferon-based therapy in patients with HCV 1 

genotype. Clinical and experimental hepatology, 3(1), p.16-22. 

Danzer, M., Polin, H., Pröll, J., Hofer, K., Fae, I., Fischer, G.F. and Gabriel, C., 2007. 

High-throughput sequence-based typing strategy for HLA-DRB1 based on real-time 

polymerase chain reaction. Human Immunology, 68(11), pp.915-917. 

David, Y.J., Tahir, A. and Riaz, M., 2017. Cost effectiveness evaluation of hepatitis C 

therapy in Lahore. Pakistan journal of pharmaceutical sciences, 30(6), p2233-2237. 

De Almeida Pondé, R.A., 2013. Enzyme-linked immunosorbent/chemiluminescence 

assays, recombinant immunoblot assays and nucleic acid tests in the diagnosis of HCV 

infection. European journal of clinical microbiology & infectious diseases, 32(8), pp.985-

988. 



References 

         134 
  

De Luca, A., Bianco, C. and Rossetti, B., 2014. Treatment of HCV infection with the novel 

NS3/4A protease inhibitors. Current opinion in pharmacology, 18, pp.9-17. 

De Rueda, P.M., López-Nevot, M.Á., Sáenz-López, P., Casado, J., Martín-Casares, A., 

Palomares, P., Quiles, R., Gila, A., Romero-Gómez, M., Pavón, E.J. and Muñoz, J.A., 

2011. Importance of host genetic factors HLA and IL28B as predictors of response to 

pegylated interferon and ribavirin. The American journal of gastroenterology, 106(7), 

p.1246-54. 

De Weerd, N.A. and Nguyen, T., 2012. The interferons and their receptors—distribution 

and regulation. Immunology and cell biology, 90(5), pp.483-491. 

Devin, A., Lin, Y., Yamaoka, S., Li, Z., Karin, M. and Liu, Z.G., 2001. The α and β subunits 

of IκB kinase (IKK) mediate TRAF2-dependent IKK recruitment to tumor necrosis factor 

(TNF) receptor 1 in response to TNF. Molecular and cellular biology, 21(12), pp.3986-

3994. 

Ding, Q., Cao, X., Lu, J., Huang, B., Liu, Y.J., Kato, N., Shu, H.B. and Zhong, J., 2013. 

Hepatitis C virus NS4B blocks the interaction of STING and TBK1 to evade host innate 

immunity. Journal of hepatology, 59(1), pp.52-58. 

Dogra, G., Chakarvarti, A., Chawle, YK., 2011. Polymorohism of tumor necrosis factor-α 

and interleukin-10 gene promoter region in chronic hepatitis C virus patients and their 

effect on pegylated interferon-α therapy response. Hum Immunol, 72, 935-939. 

Dolganiuc, A., Kodys, K., Marshall, C., Saha, B., Zhang, S., Bala, S. and Szabo, G., 2012. 

Type III interferons, IL-28 and IL-29, are increased in chronic HCV infection and induce 

myeloid dendritic cell-mediated FoxP3+ regulatory T cells. PloS one, 7(10), p.e44915. doi: 

10.1371/journal.pone.0044915. 

Doyle, J.S., Hellard, M.E. and Thompson, A.J., 2012. The role of viral and host genetics 

in natural history and treatment of chronic HCV infection. Best Practice & Research 

Clinical Gastroenterology, 26(4), pp.413-427. 

Dreux, M., Garaigorta, U., Boyd, B., Décembre, E., Chung, J., Whitten-Bauer, C., Wieland, 

S. and Chisari, F.V., 2012. Short-range exosomal transfer of viral RNA from infected cells 

to plasmacytoid dendritic cells triggers innate immunity. Cell host & microbe, 12(4), 

pp.558-570. 



References 

         135 
  

Drexler, J.F., Corman, V.M., Müller, M.A., Lukashev, A.N., Gmyl, A., Coutard, B., Adam, 

A., Ritz, D., Leijten, L.M., Van Riel, D. and Kallies, R., 2013. Evidence for novel 

hepaciviruses in rodents. PLoS pathogens, 9(6), p.e1003438.doi: 

10.1371/journal.ppat.1003438. 

Du, X., Pan, T., Xu, J., Zhang, Y., Song, W., Yi, Z. and Yuan, Z., 2016. Hepatitis C virus 

replicative double-stranded RNA is a potent interferon inducer that triggers interferon 

production through MDA5. Journal of General Virology, 97(11), pp.2868-2882. 

Dubuisson, J. and Cosset, F.L., 2014. Virology and cell biology of the hepatitis C virus life 

cycle–An update. Journal of hepatology, 61(1), pp.S3-S13. 

Duggal, P., Thio, C.L., Wojcik, G.L., Goedert, J.J., Mangia, A., Latanich, R., Kim, A.Y., 

Lauer, G.M., Chung, R.T., Peters, M.G. and Kirk, G.D., 2013. Genome-wide association 

study of spontaneous resolution of hepatitis C virus infection: data from multiple 

cohorts. Annals of internal medicine, 158(4), pp.235-245. 

Dyer, P., McGilvray, R., Robertson, V. and Turner, D., 2013. Status report from ‘double 

agent HLA’: health and disease. Molecular immunology, 55(1), pp.2-7. 

Echeverría, N., Moratorio, G., Cristina, J. and Moreno, P., 2015. Hepatitis C virus genetic 

variability and evolution. World journal of hepatology, 7(6), p.831-45. 

El-Bendary, M., Neamatallah, M., Elalfy, H., Besheer, T., Kamel, E., Mousa, H., Eladl, 

A.H., El-Setouhy, M., El-Gilany, A.H., El-Waseef, A. and Esmat, G., 2019. HLA class II-

DRB1 alleles with hepatitis c virus infection outcome in Egypt: A multicentre family-based 

study. Annals of hepatology, 18(1), pp.68-77. 

Ellwanger, J.H., de Lima Kaminski, V., Valverde-Villegas, J.M., Simon, D., Lunge, V.R. 

and Chies, J.A.B., 2017. Immunogenetic studies of the hepatitis C virus infection in an era 

of pan-genotype antiviral therapies-Effective treatment is coming. Infection, Genetics and 

Evolution, 66. p76-391.  
El-Tahan, R.R., Ghoneim, A.M. and El-Mashad, N., 2016. TNF-α gene polymorphisms 

and expression. Springerplus, 5(1), pp.1-7. 

European Association for Study of Liver, 2015. EASL recommendations on treatment of 

hepatitis C 2015. Journal of hepatology, 63(1), p.199-236. 



References 

         136 
  

Evans, D.M. and Cardon, L.R., 2005. A comparison of linkage disequilibrium patterns and 

estimated population recombination rates across multiple populations. The American 

Journal of Human Genetics, 76(4), pp.681-687. 

Evans, M.J., von Hahn, T., Tscherne, D.M., Syder, A.J., Panis, M., Wölk, B., Hatziioannou, 

T., McKeating, J.A., Bieniasz, P.D. and Rice, C.M., 2007. Claudin-1 is a hepatitis C virus 

co-receptor required for a late step in entry. Nature, 446(7137), p.801-5. 

Farag, R.E., Arafa, M.M., El-Etreby, S., Saudy, N.S., Eldeek, B.S., El-Alfy, H.A., Goda, 

I.F. and Ali, R.M., 2013. Human leukocyte antigen class I alleles can predict response to 

pegylated interferon/ribavirin therapy in chronic hepatitis C Egyptian patients. Archives of 

Iranian medicine, 16(2), p.68-73. 

Farahnaz, F. and KamranBagheri, L., 2007. Comparison of seroepidemiology and 

transmission modes of viral hepatitis B in Iran and Pakistan. Hepatitis Monthly, 2007(4, 

Autumn), pp.233-238. 

Farquhar, M.J., Hu, K., Harris, H.J., Davis, C., Brimacombe, C.L., Fletcher, S.J., Baumert, 

T.F., Rappoport, J.Z., Balfe, P. and McKeating, J.A., 2012. Hepatitis C virus induces CD81 

and claudin-1 endocytosis. Journal of virology, 86(8), pp.4305-4316. 

Fauvelle, C., Colpitts, C.C., Keck, Z.Y., Pierce, B.G., Foung, S.K. and Baumert, T.F., 

2016. Hepatitis C virus vaccine candidates inducing protective neutralizing 

antibodies. Expert review of vaccines, 15(12), pp.1535-1544. 

Feinstone, S.M., Kapikian, A.Z., Purcell, R.H., Alter, H.J. and Holland, P.V., 1975. 

Transfusion-associated hepatitis not due to viral hepatitis type A or B. New England 

Journal of Medicine, 292(15), pp.767-770. 

Feneant, L., Levy, S. and Cocquerel, L., 2014. CD81 and hepatitis C virus (HCV) infection. 

Viruses 6: 535–572. 

Ferenci, P., 2015. Treatment of hepatitis C in difficult-to-treat patients. Nature reviews 

Gastroenterology & hepatology, 12(5), pp.284-292. 

Fernandez‐Arquero, M., Caldés, T., Casado, E., Maluenda, C., Figueredo, M.A. and De La 

Concha, E.G., 1998. Polymorphism within the HLA‐DQB1* 02 promoter associated with 

susceptibility to coeliac disease. International Journal of Immunogenetics, 25(1), pp.1-3. 

Ferri, C., Sebastiani, M., Giuggioli, D., Colaci, M., Fallahi, P., Piluso, A., Antonelli, A. 

and Zignego, A.L., 2015. Hepatitis C virus syndrome: A constellation of organ-and non-



References 

         137 
  

organ specific autoimmune disorders, B-cell non-Hodgkin’s lymphoma, and cancer. World 

journal of hepatology, 7(3), p.327-43. 

Fitzmaurice, K., Hurst, J., Dring, M., Rauch, A., McLaren, P.J., Günthard, H.F., Gardiner, 

C., Klenerman, P., Irish HCV Research Consortium and Swiss HIV Cohort Study, 2015. 

Additive effects of HLA alleles and innate immune genes determine viral outcome in HCV 

infection. Gut, 64(5), pp.813-819. 

Franzese, O., Kennedy, P.T., Gehring, A.J., Gotto, J., Williams, R., Maini, M.K. and 

Bertoletti, A., 2005. Modulation of the CD8+-T-cell response by CD4+ CD25+ regulatory 

T cells in patients with hepatitis B virus infection. Journal of virology, 79(6), pp.3322-

3328. 

Freedman, H., Logan, M.R., Law, J.L.M. and Houghton, M., 2016. Structure and function 

of the hepatitis C virus envelope glycoproteins E1 and E2: antiviral and vaccine 

targets. ACS infectious diseases, 2(11), pp.749-762. 

Freeman, A.J., Marinos, G., Ffrench, R.A. and Lloyd, A.R., 2001. Immunopathogenesis of 

hepatitis C virus infection. Immunology and cell biology, 79(6), pp.515-536. 

Freimer, N. and Sabatti, C., 2004. The use of pedigree, sib-pair and association studies of 

common diseases for genetic mapping and epidemiology. Nature genetics, 36(10), 

pp.1045-51. 

Frey, S.E., Houghton, M., Coates, S., Abrignani, S., Chien, D., Rosa, D., Pileri, P., Ray, 

R., Di Bisceglie, A.M., Rinella, P. and Hill, H., 2010. Safety and immunogenicity of HCV 

E1E2 vaccine adjuvanted with MF59 administered to healthy adults. Vaccine, 28(38), 

pp.6367-6373. 

Galli, C., Julicher, P. and Plebani, M., 2018. HCV core antigen comes of age: a new 

opportunity for the diagnosis of hepatitis C virus infection. Clinical Chemistry and 

Laboratory Medicine (CCLM), 56(6), pp.880-888. 

Ganta, N.M., Gedda, G., Rathnakar, B., Satyanarayana, M., Yamajala, B., Ahsan, M.J., 

Jadav, S.S. and Balaraju, T., 2019. A review on HCV inhibitors: Significance of non-

structural polyproteins. European journal of medicinal chemistry, 164, pp.576-601. 

Gao, M., Nettles, R.E., Belema, M., Snyder, L.B., Nguyen, V.N., Fridell, R.A., Serrano-

Wu, M.H., Langley, D.R., Sun, J.H., O’Boyle II, D.R. and Lemm, J.A., 2010. Chemical 



References 

         138 
  

genetics strategy identifies an HCV NS5A inhibitor with a potent clinical 

effect. Nature, 465(7294), pp.96-100. 

Gaudieri, S. and Lucas, M., 2017. Innate and adaptive immunity shape circulating HCV 

strains. Nature Genetics, 49(5), pp.657-658. 

Ge, D., Fellay, J., Thompson, A.J., Simon, J.S., Shianna, K.V., Urban, T.J., Heinzen, E.L., 

Qiu, P., Bertelsen, A.H., Muir, A.J. and Sulkowski, M., 2009. Genetic variation in IL28B 

predicts hepatitis C treatment-induced viral clearance. Nature, 461(7262), pp.399-401. 

Gentile, I., Buonomo, A.R., Zappulo, E., Minei, G., Morisco, F., Borrelli, F., Coppola, N. 

and Borgia, G., 2014. Asunaprevir, a protease inhibitor for the treatment of hepatitis C 

infection. Therapeutics and clinical risk management, 10, p.493-504.  

Germain, M.A., Chatel-Chaix, L., Gagné, B., Bonneil, E., Thibault, P., Pradezynski, F., de 

Chassey, B., Meyniel-Schicklin, L., Lotteau, V., Baril, M. and Lamarre, D., 2014. 

Elucidating novel hepatitis C virus–host interactions using combined mass spectrometry 

and functional genomics approaches. Molecular & Cellular Proteomics, 13(1), pp.184-

203. 

ghans, B., Kupfer, B., Braunschweiger, I., Arndt, S., Schulte, W., Nischalke, H.D., 

Nattermann, J., Oldenburg, J., Sauerbruch, T. and Spengler, U., 2011. Interferon-lambda 

serum levels in hepatitis C. Journal of hepatology, 54(5), pp.859-865. 

Gheorghe, L., Rugină, S., Dumitru, I.M., Franciuc, I., Martinescu, A. and Balaş, I., 2015. 

HLA class II alleles in Romanian patients with chronic hepatitis C. Germs, 5(2), p.44-49. 

Gissel, C., Götz, G., Mahlich, J. and Repp, H., 2015. Cost-effectiveness of Interferon-free 

therapy for Hepatitis C in Germany-an application of the efficiency frontier 

approach. BMC infectious diseases, 15(1), p.297.doi: 10.1186/s12879-015-1048. 
Godkin, A., Jeanguet, N., Thursz, M., Openshaw, P. and Thomas, H., 2001. 

Characterization of novel HLA‐DR11‐restricted HCV epitopes reveals both qualitative and 

quantitative differences in HCV‐specific CD4+ T cell responses in chronically infected and 

non‐viremic patients. European journal of immunology, 31(5), pp.1438-1446. 

Gondar, V., Molina-Jiménez, F., Hishiki, T., García-Buey, L., Koutsoudakis, G., 

Shimotohno, K., Benedicto, I. and Majano, P.L., 2015. Apolipoprotein E, but not 

apolipoprotein B, is essential for efficient cell-to-cell transmission of hepatitis C 

virus. Journal of virology, 89(19), pp.9962-9973. 



References 

         139 
  

Gower, E., Estes, C., Blach, S., Razavi-Shearer, K. and Razavi, H., 2014. Global 

epidemiology and genotype distribution of the hepatitis C virus infection. Journal of 

hepatology, 61(1), pp.S45-S57. 

Grandi, T., Silva, C.M.D.D., Amaral, K.M., Picon, P.D., Costi, C., Fré, N.N.D., 

Fiegenbaum, M., Gregianini, T.S., Niel, C. and Rossetti, M.L.R., 2014. Tumour necrosis 

factor-308 and-238 promoter polymorphisms are predictors of a null virological response 

in the treatment of Brazilian hepatitis C patients. Memórias do Instituto Oswaldo 

Cruz, 109(3), pp.345-351. 

Grebely, J., Page, K., Sacks‐Davis, R., Loeff, M.S., Rice, T.M., Bruneau, J., Morris, M.D., 

Hajarizadeh, B., Amin, J., Cox, A.L. and Kim, A.Y., 2014. The effects of female sex, viral 

genotype, and IL28B genotype on spontaneous clearance of acute hepatitis C virus 

infection. Hepatology, 59(1), pp.109-120. 

Greenaway, C., Ma, A.T., Kloda, L.A., Klein, M., Cnossen, S., Schwarzer, G. and Shrier, 

I., 2015. The seroprevalence of hepatitis C antibodies in immigrants and refugees from 

intermediate and high endemic countries: a systematic review and meta-analysis. PLoS 

One, 10(11), p.e0141715.doi: 10.1371/journal.pone.0141715. 

Gu, M. and Rice, C.M., 2013. Structures of hepatitis C virus nonstructural proteins required 

for replicase assembly and function. Current opinion in virology, 3(2), pp.129-136. 

Guerra, J., Garenne, M., Mohamed, M.K. and Fontanet, A., 2012. HCV burden of infection 

in Egypt: results from a nationwide survey. Journal of viral hepatitis, 19(8), pp.560-567. 

Gul, A., Zahid, N., Ahmed, J., Zahir, F., Khan, I.A. and Ali, I., 2016. Molecular 

characterization of Hepatitis C virus 3a in Peshawar. BMC infectious diseases, 16(1), 

p.163.doi: 10.1186/s12879-016-1488-0. 
Gunal, O., Yalcin, D., Celik, B., Rustemoglu, A., Demir, O., Barut, S., Ates, O. and Kilic, 

S., 2017. TNF-alpha 308 SNP Rs3091256 GG Genotype is Strongly Associated with 

Fibrosis in Patients with Chronic Hepatitis C. VIRAL HEPATIT DERGISI-VIRAL 

HEPATITIS JOURNAL, 23(2), pp.39-45. 

Halliday, J., Klenerman, P. and Barnes, E., 2011. Vaccination for hepatitis C virus: closing 

in on an evasive target. Expert review of vaccines, 10(5), pp.659-672. 

Hamming, O.J., Terczyńska‐Dyla, E., Vieyres, G., Dijkman, R., Jørgensen, S.E., Akhtar, 

H., Siupka, P., Pietschmann, T., Thiel, V. and Hartmann, R., 2013. Interferon lambda 4 



References 

         140 
  

signals via the IFNλ receptor to regulate antiviral activity against HCV and 

coronaviruses. The EMBO journal, 32(23), pp.3055-3065. 

Han, J.Q. and Barton, D.J., 2002. Activation and evasion of the antiviral 2′-5′ 

oligoadenylate synthetase/ribonuclease L pathway by hepatitis C virus mRNA. Rna, 8(4), 

pp.512-525. 

HapMap Consortium, T.I., 2005. A haplotype map of the human 

genome. Nature, 437(7063), pp.1299-320. 

Harris, R.A., Sugimoto, K., Kaplan, D.E., Ikeda, F., Kamoun, M. and Chang, K.M., 2008. 

Human leukocyte antigen class II associations with hepatitis C virus clearance and virus‐

specific CD4 T cell response among Caucasians and African 

Americans. Hepatology, 48(1), pp.70-79. 

Hatzakis, A., Wait, S., Bruix, J., Buti, M., Carballo, M., Cavaleri, M., Colombo, M., 

Delarocque‐Astagneau, E., Dusheiko, G., Esmat, G. and Esteban, R., 2011. The state of 

hepatitis B and C in Europe: report from the hepatitis B and C summit conference. Journal 

of Viral Hepatitis, 18(s1), pp.1-16. 

Hauri, A.M., Armstrong, G.L. and Hutin, Y.J., 2004. The global burden of disease 

attributable to contaminated injections given in health care settings. International journal 

of STD & AIDS, 15(1), pp.7-16. 

Haydon, G.H., Jarvis, L.M., Blair, C.S., Simmonds, P., Harrison, D.J., Simpson, K.J. and 

Hayes, P.C., 1998. Clinical significance of intrahepatic hepatitis C virus levels in patients 

with chronic HCV infection. Gut, 42(4), pp.570-575. 

He, D., Tao, S., Guo, S., Li, M., Wu, J., Huang, H., Guo, X., Yan, G., Zhu, P. and Wang, 

Y., 2015. Interaction of TLR–IFN and HLA polymorphisms on susceptibility of chronic 

HBV infection in Southwest Han Chinese. Liver International, 35(8), pp.1941-1949. 

He, J., Pei, X., Xu, W., Wang, C., Zhang, X., Wu, J. and Zhao, W., 2011. The relationship 

between tumor necrosis factor-α polymorphisms and hepatitis C virus infection: a 

systematic review and meta-analysis. Renal failure, 33(9), pp.915-922. 

Heim, M.H. and Thimme, R., 2014. Innate and adaptive immune responses in HCV 

infections. Journal of hepatology, 61(1), pp.S14-S25. 

Henderson, D.K., 2003. Managing occupational risks for hepatitis C transmission in the 

health care setting. Clinical microbiology reviews, 16(3), pp.546-568. 



References 

         141 
  

Herker, E., Harris, C., Hernandez, C., Carpentier, A., Kaehlcke, K., Rosenberg, A.R., 

Farese Jr, R.V. and Ott, M., 2010. Efficient hepatitis C virus particle formation requires 

diacylglycerol acyltransferase-1. Nature medicine, 16(11), pp.1295-1298. 

Hiet, M.S., Bauhofer, O., Zayas, M., Roth, H., Tanaka, Y., Schirmacher, P., Willemsen, J., 

Grünvogel, O., Bender, S., Binder, M. and Lohmann, V., 2015. Control of temporal 

activation of hepatitis C virus-induced interferon response by domain 2 of nonstructural 

protein 5A. Journal of hepatology, 63(4), pp.829-837. 

Höhler, T., Kruger, A., Gerken, G., Schneider, P.M., zum Büschenfelde, K.H.M. and 

Rittner, C., 1998. Tumor necrosis factor alpha promoter polymorphism at position‐238 is 

associated with chronic active hepatitis C infection. Journal of medical virology, 54(3), 

pp.173-177. 

Hollinger, B., Gitnick, G.L., Aach, R.D., Szmuness, W., Mosley, J.W., Stevens, C.E., 

Peters, R.L., Weiner, J.M., Werch, J.B. and Lander, J.J., 1978. Non-A, non-B hepatitis 

transmission in chimpanzees: a project of the transfusion-transmitted viruses study 

group. Intervirology, 10(1), pp.60-68. 

Hong, X., Yu, R.B., Sun, N.X., Wang, B., Xu, Y.C. and Wu, G.L., 2005. Human leukocyte 

antigen class II DQB1* 0301, DRB1* 1101 alleles and spontaneous clearance of hepatitis 

C virus infection: a meta-analysis. World journal of gastroenterology, 11(46), p.7302-7. 

Hoofnagle, J.H., Mullen, K.D., Jones, D.B., Rustgi, V., Di Bisceglie, A., Peters, M., 

Waggoner, J.G., Park, Y. and Jones, E.A., 1986. Treatment of chronic non-A, non-B 

hepatitis with recombinant human alpha interferon. New England Journal of 

Medicine, 315(25), pp.1575-1578. 

Horner, S.M., Park, H.S. and Gale, M., 2012. Control of innate immune signaling and 

membrane targeting by the Hepatitis C virus NS3/4A protease are governed by the NS3 

helix α0. Journal of virology, 86(6), pp.3112-3120. 

Houghton, M., 2009. Discovery of the hepatitis C virus. Liver International, 29(s1), pp.82-

88. 

Houghton, M., 2011. Prospects for prophylactic and therapeutic vaccines against the 

hepatitis C viruses. Immunological reviews, 239(1), pp.99-108. 



References 

         142 
  

Houldsworth, A., Metzner, M., Hodgkinson, A., Shaw, S., Kaminski, E., Demaine, A.G. 

and Cramp, M.E., 2015. Haplotype analysis finds linkage disequilibrium in the IL‐ 12 

gene in patients with HCV. Journal of medical virology, 87(7), pp.1207-1217. 

https://www.ncbi.nlm.nih.gov/gene/3119HGNC)(provided by RefSeq, Sep 2011. 

Huang, P., Dong, L., Lu, X., Zhang, Y., Chen, H., Wang, J., Zhang, Y., Su, J. and Yu, R., 

2014. Genetic variants in antigen presentation-related genes influence susceptibility to 

hepatitis C virus and viral clearance: a case control study. BMC infectious diseases, 14(1), 

p.716.doi: 10.1186/s12879-014-0716-8. 
Huang, P., Zhang, Y., Lu, X., Xu, Y., Wang, J., Zhang, Y., Yu, R. and Su, J., 2015. 

Association of polymorphisms in HLA antigen presentation-related genes with the 

outcomes of HCV infection. PloS one, 10(4), p.e0123513.doi: 

10.1371/journal.pone.0123513. 

Hudson, L.E. and Allen, R.L., 2016. Leukocyte Ig-like receptors–a model for MHC class 

I disease associations. Frontiers in immunology, 7.doi: 10.3389/fimmu.2016.00281. 

Hydes, T.J., Moesker, B., Traherne, J.A., Ashraf, S., Alexander, G.J., Dimitrov, B.D., 

Woelk, C.H., Trowsdale, J. and Khakoo, S.I., 2015. The interaction of genetic determinants 

in the outcome of HCV infection: evidence for discrete immunological 

pathways. HLA, 86(4), pp.267-275. 

 Ibecka, A., Belouzard, S., de Beeck, A.O., Descamps, V., Goueslain, L., Bertrand‐Michel, 

J., Tercé, F., Duverlie, G., Rouillé, Y. and Dubuisson, J., 2012. Role of low‐density 

lipoprotein receptor in the hepatitis C virus life cycle. Hepatology, 55(4), pp.998-1007. 

Iqbal, S., Sheikh, M.A. and Arshad, M., 2014. Response of different HCV genotypes to 

interferon therapy in different age groups of chronic hepatitis-C patients. Journal of Ayub 

Medical College Abbottabad, 26(3), pp.310-315. 

J.H., Mullen, K.D., Jones, D.B., Rustgi, V., Di Bisceglie, A., Peters, M., Waggoner, J.G., 

Park, Y. and Jones, E.A., 1986. Treatment of chronic non-A, non-B hepatitis with 

recombinant human alpha interferon. New England Journal of Medicine, 315(25), 

pp.1575-1578. 

Jacobson, I.M., Marcellin, P., Zeuzem, S., Sulkowski, M.S., Esteban, R., Poordad, F., 

Bruno, S., Burroughs, M.H., Pedicone, L.D., Boparai, N. and Deng, W., 2012. Refinement 



References 

         143 
  

of stopping rules during treatment of hepatitis C genotype 1 infection with boceprevir and 

peginterferon/ribavirin. Hepatology, 56(2), pp.567-575. 

Jalil, I., Arshad, M., Rafaque, Z., Raziq, F., Wazir, R., Malik, S. and Dasti, J.I., 2016. 

Seroprevalence of HDV among non-hospitalized HBsAg positive patients from KPK-

region of Pakistan. Asian Pacific journal of tropical biomedicine, 6(7), pp.609-613. 

Jazwinski, A.B. and Muir, A.J., 2011. Direct-acting antiviral medications for chronic 

hepatitis C virus infection. Gastroenterology & hepatology, 7(3), p.154-62. 

Jeng, J.S., Tsai, J.F., Chuang, L.Y., Ho, M.S., Lin, Z.Y., Hsieh, M.Y., Chen, S.C., Chuang, 

W.L., Wang, L.Y., Yu, M.L. and Dai, C.Y., 2007. Tumor necrosis factor-α 308.2 

polymorphism is associated with advanced hepatic fibrosis and higher risk for 

hepatocellular carcinoma. Neoplasia, 9(11), pp.987-992. 

Jiang, Y., Woronicz, J.D., Liu, W. and Goeddel, D.V., 1999. Prevention of constitutive 

TNF receptor 1 signaling by silencer of death domains. Science, 283(5401), pp.543-546. 

Jilani, K., Zulfiqar, B., Memon, Q.B. and Fahim, M.F., 2017. Frequency and the risk 

factors of hepatitis C virus in pregnant women; A hospital based descriptive study in Gadap 

Town Karachi. Pakistan journal of medical sciences, 33(5), p.1265-1268. 

Jones SJ, Ledgerwood EC, Prins JB, Galbraith J, Johnson DR, Pober JS,et al. TNF recruits 

TRADD to the plasma membrane but not the trans-Golgi network, the principal subcellular 

location of TNF-R1.J Immunol 1999;162(2):1042–1048. 

Jones, D.M. and McLauchlan, J., 2010. Hepatitis C virus: assembly and release of virus 

particles. Journal of Biological Chemistry, 285(30), pp.22733-22739. 

Jones, S.J., Ledgerwood, E.C., Prins, J.B., Galbraith, J., Johnson, D.R., Pober, J.S. and 

Bradley, J.R., 1999. TNF recruits TRADD to the plasma membrane but not the trans-Golgi 

network, the principal subcellular location of TNF-R1. The Journal of 

Immunology, 162(2), pp.1042-1048. 

Jones, S.J., Ledgerwood, E.C., Prins, J.B., Galbraith, J., Johnson, D.R., Pober, J.S. and 

Bradley, J.R., 1999. TNF recruits TRADD to the plasma membrane but not the trans-Golgi 

network, the principal subcellular location of TNF-R1. The Journal of 

Immunology, 162(2), pp.1042-1048. 

Jung, M.K. and Shin, E.C., 2016. Regulatory T Cells in Hepatitis B and C Virus 

Infections. Immune network, 16(6), pp.330-336. 



References 

         144 
  

Kandeel, A.M., Talaat, M., Afifi, S.A., El-Sayed, N.M., Fadeel, M.A.A., Hajjeh, R.A. and 

Mahoney, F.J., 2012. Case control study to identify risk factors for acute hepatitis C virus 

infection in Egypt. BMC infectious diseases, 12(1), p.294. doi: 10.1186/1471-2334-12-

294. 

Kaneshige, T., Hashimoto, M., Matsumoto, Y., Kinoshita, T., Hirasawa, T., Uchida, K. and 

Inoko, H., 1994. Serologic and nucleotide sequencing analyses of a novel DR52-associated 

DRB1 allele with the DR ‘NJ25’specificity, designated DRB1∗ 1307. Human 

immunology, 41(2), pp.151-159. 

Kanwal, F., Kramer, J.R., Ilyas, J., Duan, Z. and El‐Serag, H.B., 2014. HCV genotype 3 is 

associated with an increased risk of cirrhosis and hepatocellular cancer in a national sample 

of US Veterans with HCV. Hepatology, 60(1), pp.98-105. 

Kato, H., Takeuchi, O., Mikamo-Satoh, E., Hirai, R., Kawai, T., Matsushita, K., Hiiragi, 

A., Dermody, T.S., Fujita, T. and Akira, S., 2008. Length-dependent recognition of double-

stranded ribonucleic acids by retinoic acid–inducible gene-I and melanoma differentiation–

associated gene 5. Journal of Experimental Medicine, 205(7), pp.1601-1610. 

Khakoo, S.I., Thio, C.L., Martin, M.P., Brooks, C.R., Gao, X., Astemborski, J., Cheng, J., 

Goedert, J.J., Vlahov, D., Hilgartner, M. and Cox, S., 2004. HLA and NK cell inhibitory 

receptor genes in resolving hepatitis C virus infection. Science, 305(5685), pp.872-874. 

Khaliq, S. and Raza, S.M., 2018. Current status of direct acting antiviral agents against 

hepatitis C virus infection in Pakistan. Medicina, 54(5), p.80. 

Khan, A., Tareen, A.M., Ikram, A., Rahman, H., Wadood, A., Qasim, M. and Khan, K., 

2013. Prevalence of HCV among the young male blood donors of Quetta region of 

Balochistan, Pakistan. Virology journal, 10(1), p.83.doi: 10.1186/1743-422X-10-83. 

Khan, A.U., Waqar, M., Akram, M., Zaib, M., Wasim, M., Ahmad, S., Niaz, Z., Ali, S., 

Ali, H., Idrees, M. and Bajwa, M.A., 2011. True prevalence of twin HDV-HBV infection 

in Pakistan: a molecular approach. Virology journal, 8(1), p.420.doi: 10.1186/1743-422X-

8-420. 

Khan, F., Akbar, H., Idrees, M., Khan, H., Shahzad, K. and Kayani, M.A., 2011. The 

prevalence of HBV infection in the cohort of IDPs of war against terrorism in Malakand 

Division of Northern Pakistan. BMC infectious diseases, 11(1), p.176.doi: 10.1186/1471-

2334-11-176. 



References 

         145 
  

Khatun, M. and Ray, R.B., 2019. Mechanisms underlying hepatitis C Virus-associated 

hepatic fibrosis. Cells, 8(10), p.1249. 

Kim, A.Y., Kuntzen, T., Timm, J., Nolan, B.E., Baca, M.A., Reyor, L.L., Berical, A.C., 

Feller, A.J., Johnson, K.L., Zur Wiesch, J.S. and Robbins, G.K., 2011. Spontaneous control 

of HCV is associated with expression of HLA-B* 57 and preservation of targeted 

epitopes. Gastroenterology, 140(2), pp.686-696 

Kim, C.W. and Chang, K.M., 2013. Hepatitis C virus: virology and life cycle. Clinical and 

molecular hepatology, 19(1), p.17-25. 

Kim, Y.J., Lee, H.S., Yoon, J.H., Kim, C.Y., Park, M.H., Kim, L.H., Park, B.L. and Shin, 

H.D., 2003. Association of TNF-α promoter polymorphisms with the clearance of hepatitis 

B virus infection. Human molecular genetics, 12(19), pp.2541-2546. 

Klein, J.A.N. and Sato, A., 2000. The HLA system. New England Journal of 

Medicine, 343(10), pp.702-709. 

Klenerman, P. and Kim, A., 2007. HCV–HIV coinfection: simple messages from a 

complex disease. PLoS medicine, 4(10), p.e240.doi:10.1371/journal.pmed.0040240. 

Knapp, S., Yee, L.J., Frodsham, A.J., Hennig, B.J.W., Hellier, S., Zhang, L., Wright, M., 

Chiaramonte, M., Graves, M., Thomas, H.C. and Hill, A.V.S., 2003. Polymorphisms in 

interferon-induced genes and the outcome of hepatitis C virus infection: roles of MxA, 

OAS-1 and PKR. Genes and immunity, 4(6), p.411-19. 

Kohler, J.J., Nettles, J.H., Amblard, F., Hurwitz, S.J., Bassit, L., Stanton, R.A., Ehteshami, 

M. and Schinazi, R.F., 2014. Approaches to hepatitis C treatment and cure using NS5A 

inhibitors. Infection and drug resistance, 7, p.41-56.  

Kokordelis, P., Krämer, B., Körner, C., Boesecke, C., Voigt, E., Ingiliz, P., Glässner, A., 

Eisenhardt, M., Wolter, F., Kaczmarek, D. and Nischalke, H.D., 2014. An effective 

interferon‐gamma‐mediated inhibition of hepatitis C virus replication by natural killer cells 

is associated with spontaneous clearance of acute hepatitis C in human immunodeficiency 

virus‐positive patients. Hepatology, 59(3), pp.814-827. 

Kondo, Y., Kobayashi, K., Ueno, Y., Shiina, M., Niitsuma, H., Kanno, N., Kobayashi, T. 

and Shimosegawa, T., 2006. Mechanism of T cell hyporesponsiveness to HBcAg is 

associated with regulatory T cells in chronic hepatitis B. World journal of 

gastroenterology: WJG, 12(27), p.4310-7. 

https://doi.org/10.1371/journal.pmed.0040240


References 

         146 
  

Kotenko, S.V., Gallagher, G., Baurin, V.V., Lewis-Antes, A., Shen, M., Shah, N.K., 

Langer, J.A., Sheikh, F., Dickensheets, H. and Donnelly, R.P., 2003. IFN-λs mediate 

antiviral protection through a distinct class II cytokine receptor complex. Nature 

immunology, 4(1), pp.69-77. 

Ksiaa, L., Ayed-Jendoubi, S., Sfar, I., Gorgi, Y., Najjar, H.A.T., Abdallah, T.B. and Ayed, 

K., 2007. Clearance and persistence of hepatitis C virus in a Tunisian population: 

association with HLA class I and class II. Viral immunology, 20(2), pp.312-319. 

Kumar, T., Ahmad, N., Hayat, M.K., Gao, B.X., Faisal, S., Ilahi, N., Ali, B., Zada, S. and 

Sajjad, W., 2017. Prevalence and Genotype Distribution of Hepatitis C Virus in Peshawar 

KPK, Pakistan. HAYATI Journal of Biosciences, 24(1), pp.22-25. 

Lanini, S., Ustianowski, A., Pisapia, R., Zumla, A. and Ippolito, G., 2019. Viral hepatitis: 

etiology, epidemiology, transmission, diagnostics, treatment, and prevention. Infectious 

Disease Clinics, 33(4), pp.1045-1062. 

Lavanchy, D., 2009. The global burden of hepatitis C. Liver International, 29(s1), pp.74-

81. 

Lavanchy, D., 2011. Evolving epidemiology of hepatitis C virus. Clinical Microbiology 

and Infection, 17(2), pp.107-115. 

Law, J.L.M., Chen, C., Wong, J., Hockman, D., Santer, D.M., Frey, S.E., Belshe, R.B., 

Wakita, T., Bukh, J., Jones, C.T. and Rice, C.M., 2013. A hepatitis C virus (HCV) vaccine 

comprising envelope glycoproteins gpE1/gpE2 derived from a single isolate elicits broad 

cross-genotype neutralizing antibodies in humans. PloS one, 8(3), p.e59776. doi: 

10.1371/journal.pone.0059776. 

Lechner, F., Wong, D.K., Dunbar, P.R., Chapman, R., Chung, R.T., Dohrenwend, P., 

Robbins, G., Phillips, R., Klenerman, P. and Walker, B.D., 2000. Analysis of successful 

immune responses in persons infected with hepatitis C virus. Journal of Experimental 

Medicine, 191(9), pp.1499-1512. 

Lee, S.R., Kardos, K.W., Schiff, E., Berne, C.A., Mounzer, K., Banks, A.T., Tatum, H.A., 

Friel, T.J., DeMicco, M.P., Lee, W.M. and Eder, S.E., 2011. Evaluation of a new, rapid 

test for detecting HCV infection, suitable for use with blood or oral fluid. Journal of 

virological methods, 172(1), pp.27-31. 



References 

         147 
  

Lefèvre, M., Felmlee, D.J., Parnot, M., Baumert, T.F. and Schuster, C., 2014. Syndecan 4 

is involved in mediating HCV entry through interaction with lipoviral particle-associated 

apolipoprotein E. PLoS One, 9(4), p.e95550.doi: 10.1371/journal.pone.0095550. 

Lemoine, M. and Thursz, M., 2014, February. Hepatitis C, a global issue: access to care 

and new therapeutic and preventive approaches in resource-constrained areas. In Seminars 

in liver disease (Vol. 34, No. 01, pp. 089-097). Thieme Medical Publishers. 

Lenz, O., Verbinnen, T., Lin, T.I., Vijgen, L., Cummings, M.D., Lindberg, J., Berke, J.M., 

Dehertogh, P., Fransen, E., Scholliers, A. and Vermeiren, K., 2010. In vitro resistance 

profile of the hepatitis C virus NS3/4A protease inhibitor TMC435. Antimicrobial agents 

and chemotherapy, 54(5), pp.1878-1887. 

Li, H.C. and Lo, S.Y., 2015. Hepatitis C virus: Virology, diagnosis and treatment. World 

journal of hepatology, 7(10), p.1377-89. 

Li, H.C., Ma, H.C., Yang, C.H. and Lo, S.Y., 2014. Production and pathogenicity of 

hepatitis C virus core gene products. World Journal of Gastroenterology: WJG, 20(23), 

p.7104-22. 

Li, K., Foy, E., Ferreon, J.C., Nakamura, M., Ferreon, A.C., Ikeda, M., Ray, S.C., Gale, M. 

and Lemon, S.M., 2005. Immune evasion by hepatitis C virus NS3/4A protease-mediated 

cleavage of the Toll-like receptor 3 adaptor protein TRIF. Proceedings of the National 

Academy of Sciences of the United States of America, 102(8), pp.2992-2997. 

Li, X.C. and Raghavan, M., 2010. Structure and function of major histocompatibility 

complex (MHC) class I antigens. Current opinion in organ transplantation, 15(4), p.499-

504. 

Li, X.D., Sun, L., Seth, R.B., Pineda, G. and Chen, Z.J., 2005. Hepatitis C virus protease 

NS3/4A cleaves mitochondrial antiviral signaling protein off the mitochondria to evade 

innate immunity. Proceedings of the National Academy of Sciences of the United States of 

America, 102(49), pp.17717-17722. 

Li, Y., Chang, M., Abar, O., Garcia, V., Rowland, C., Catanese, J., Ross, D., Broder, S., 

Shiffman, M., Cheung, R. and Wright, T., 2009. Multiple variants in toll-like receptor 4 

gene modulate risk of liver fibrosis in Caucasians with chronic hepatitis C 

infection. Journal of hepatology, 51(4), pp.750-757. 



References 

         148 
  

Li, Y., Masaki, T., Yamane, D., McGivern, D.R. and Lemon, S.M., 2013. Competing and 

noncompeting activities of miR-122 and the 5′ exonuclease Xrn1 in regulation of hepatitis 

C virus replication. Proceedings of the National Academy of Sciences, 110(5), pp.1881-

1886. 

Liakina, V., Hamid, S., Tanaka, J., Olafsson, S., Sharara, A.I., Alavian, S.M., Gheorghe, 

L., El Hassan, E.S., Abaalkhail, F., Abbas, Z. and Abdou, A., 2015. Historical 

epidemiology of hepatitis C virus (HCV) in select countries–volume 3. Journal of viral 

hepatitis, 22(S4), pp.4-20. 

Liang, T.J., 2013. Current progress in development of hepatitis C virus vaccines. Nature 

medicine, 19(7), pp.869-878. 

Lindenbach, B.D. and Rice, C.M., 2013. The ins and outs of hepatitis C virus entry and 

assembly. Nature Reviews Microbiology, 11(10), pp.688-700. 

Liu, S.Y., Aliyari, R., Chikere, K., Li, G., Marsden, M.D., Smith, J.K., Pernet, O., Guo, H., 

Nusbaum, R., Zack, J.A. and Freiberg, A.N., 2013. Interferon-inducible cholesterol-25-

hydroxylase broadly inhibits viral entry by production of 25-

hydroxycholesterol. Immunity, 38(1), pp.92-105. 

Logan, M., Law, J., Wong, J.A.J.X., Hockman, D., Landi, A., Chen, C., Crawford, K., 

Kundu, J., Baldwin, L., Johnson, J. and Dahiya, A., 2017. Native folding of a recombinant 

gpE1/gpE2 heterodimer vaccine antigen from a precursor protein fused with Fc 

IgG. Journal of virology, 91(1), pp.e01552-16. 

Logar, D., Vidan‐Jeras, B., Dolžan, V., Božič, B. and Kveder, T., 2002. The contribution 

of HLA-DQB1 coding and QBP promoter alleles to anti‐Ro alone autoantibody response 

in systemic lupus erythematosus. Rheumatology, 41(3), pp.305-311. 

López-Diéguez, M., Montes, M.L., Pascual-Pareja, J.F., Quereda, C., Von Wichmann, 

M.A., Berenguer, J., Tural, C., Hernando, A., González-García, J., Serrano, L. and Arribas, 

J.R., 2011. The natural history of liver cirrhosis in HIV–hepatitis C virus-coinfected 

patients. Aids, 25(7), pp.899-904. 

Mack, C.L., Gonzalez-Peralta, R.P., Gupta, N., Leung, D., Narkewicz, M.R., Roberts, E.A., 

Rosenthal, P. and Schwarz, K.B., 2012. NASPGHAN practice guidelines: Diagnosis and 

management of hepatitis C infection in infants, children, and adolescents. Journal of 

pediatric gastroenterology and nutrition, 54(6), pp.838-855. 



References 

         149 
  

Madan, V. and Bartenschlager, R., 2015. Structural and functional properties of the 

hepatitis C virus p7 viroporin. Viruses, 7(8), pp.4461-4481. 

Manns, M.P., Buti, M., Gane, E.D., Pawlotsky, J.M., Razavi, H., Terrault, N. and 

Younossi, Z., 2017. Hepatitis C virus infection. Nature reviews Disease primers, 3(1), 

pp.1-19. 

Marangon, A.V., Moliterno, R.A., Sell, A.M., De Moraes, C.F.V., Grotto, R.M.T., Pardini, 

M.C., De Pauli, D.S., Visentainer, J.E.L. and Silva, G.F., 2012. Influence of HLA alleles 

in response to treatment with pegylated interferon‐alpha and ribavirin in patients with 

chronic hepatitis C. International journal of immunogenetics, 39(4), pp.296-302. 

Martin, P., Fabrizi, F., Dixit, V., Quan, S., Brezina, M., Kaufman, E., Sra, K., DiNello, R., 

Polito, A. and Gitnick, G., 1998. Automated RIBA hepatitis C virus (HCV) strip 

immunoblot assay for reproducible HCV diagnosis. Journal of clinical 

microbiology, 36(2), pp.387-390. 

Martin, T.C., Martin, N.K., Hickman, M., Vickerman, P., Page, E.E., Everett, R., Gazzard, 

B.G. and Nelson, M., 2013. Hepatitis C virus reinfection incidence and treatment outcome 

among HIV-positive MSM. Aids, 27(16), pp.2551-2557. 

Matsuura, K. and Tanaka, Y., 2016. Host genetic variants influencing the clinical course 

of hepatitis C virus infection. Journal of medical virology, 88(2), pp.185-195. 

McHutchison, J.G., Everson, G.T., Gordon, S.C., Jacobson, I.M., Sulkowski, M., 

Kauffman, R., McNair, L., Alam, J. and Muir, A.J., 2009. Telaprevir with peginterferon 

and ribavirin for chronic HCV genotype 1 infection. New England Journal of 

Medicine, 360(18), pp.1827-1838. 

McKiernan, S.M., Hagan, R., Curry, M., McDonald, G.S., Kelly, A., Nolan, N., Walsh, A., 

Hegarty, J., Lawlor, E. and Kelleher, D., 2004. Distinct MHC class I and II alleles are 

associated with hepatitis C viral clearance, originating from a single 

source. Hepatology, 40(1), pp.108-114. 

McKinney, E.F. and Smith, K.G., 2016. T cell exhaustion and immune-mediated disease—

the potential for therapeutic exhaustion. Current opinion in immunology, 43, pp.74-80. 

McPhee, F., 2019. Developments in the treatment of HCV genotype 3 infection. Expert 

review of anti-infective therapy, 17(10), pp.775-785. 



References 

         150 
  

 Meex, S.J., Andreo, U., Sparks, J.D. and Fisher, E.A., 2011. Huh-7 or HepG2 cells: which 

is the better model for studying human apolipoprotein-B100 assembly and 

secretion?. Journal of lipid research, 52(1), pp.152-158. 

Menier, C., Rouas‐Freiss, N., Favier, B., LeMaoult, J., Moreau, P. and Carosella, E.D., 

2010. Recent advances on the non‐classical major histocompatibility complex class I HLA‐

G molecule. HLA, 75(3), pp.201-206. 

Merz, A., Long, G., Hiet, M.S., Brügger, B., Chlanda, P., Andre, P., Wieland, F., Krijnse-

Locker, J. and Bartenschlager, R., 2011. Biochemical and morphological properties of 

hepatitis C virus particles and determination of their lipidome. Journal of Biological 

Chemistry, 286(4), pp.3018-3032. 

Miki, D., Ochi, H., Takahashi, A., Hayes, C.N., Urabe, Y., Abe, H., Kawaoka, T., Tsuge, 

M., Hiraga, N., Imamura, M. and Kawakami, Y., 2013. HLA-DQB1* 03 confers 

susceptibility to chronic hepatitis C in Japanese: a genome-wide association study. PloS 

one, 8(12), p.e84226.doi: 10.1371/journal.pone.0084226. 

Minton, E.J., Smillie, D., Neal, K.R., Irving, W.L., Underwood, J.C.E., James, V. and Trent 

Hepatitis C Virus Study Group, 1998. Association between MHC class II alleles and 

clearance of circulating hepatitis C virus. Journal of Infectious Diseases,178(1), pp.39-44. 

Miyanari, Y., Atsuzawa, K., Usuda, N., Watashi, K., Hishiki, T., Zayas, M., 

Bartenschlager, R., Wakita, T., Hijikata, M. and Shimotohno, K., 2007. The lipid droplet 

is an important organelle for hepatitis C virus production. Nature cell biology, 9(9), 

pp.1089-1097. 

Mohamoud, Y.A., Mumtaz, G.R., Riome, S., Miller, D. and Abu-Raddad, L.J., 2013. 

diseasesThe epidemiology of hepatitis C virus in Egypt: a systematic review and data 

synthesis. BMC infectious, 13(1), p.288. doi: 10.1186/1471-2334-13-288. 

Mohd Hanafiah, K., Groeger, J., Flaxman, A.D. and Wiersma, S.T., 2013. Global 

epidemiology of hepatitis C virus infection: New estimates of age‐specific antibody to 

HCV seroprevalence. Hepatology, 57(4), pp.1333-1342. 

Molina, S., Castet, V., Fournier-Wirth, C., Pichard-Garcia, L., Avner, R., Harats, D., 

Roitelman, J., Barbaras, R., Graber, P., Ghersa, P. and Smolarsky, M., 2007. The low-

density lipoprotein receptor plays a role in the infection of primary human hepatocytes by 

hepatitis C virus. Journal of hepatology, 46(3), pp.411-419. 



References 

         151 
  

Moradpour, D., Englert, C., Wakita, T. and Wands, J.R., 1996. Characterization of cell 

lines allowing tightly regulated expression of hepatitis C virus core 

protein. Virology, 222(1), pp.51-63. 

Moreno, C., Berg, T., Tanwandee, T., Thongsawat, S., Van Vlierberghe, H., Zeuzem, S., 

Lenz, O., Peeters, M., Sekar, V. and De Smedt, G., 2012. Antiviral activity of TMC435 

monotherapy in patients infected with HCV genotypes 2–6: TMC435-C202, a phase IIa, 

open-label study. Journal of hepatology, 56(6), pp.1247-1253. 

Morikawa, K., Lange, C.M., Gouttenoire, J., Meylan, E., Brass, V., Penin, F. and 

Moradpour, D., 2011. Nonstructural protein 3‐4A: the Swiss army knife of hepatitis C 

virus. Journal of viral hepatitis, 18(5), pp.305-315. 

Mozer-Lisewska, I., Sikora, J., Kowala-Piaskowska, A., Kaczmarek, M., Dworacki, G. and 

Żeromski, J., 2010. The incidence and significance of pattern-recognition receptors in 

chronic viral hepatitis types B and C in man. Archivum immunologiae et therapiae 

experimentalis, 58(4), pp.295-302. 

Mulis, K.B. and Faloona, F.A., 1987. Specific synthesis of DNA in vitro via polymerase 

catalyzed chain reaction. Methods Enzymol, 155, pp.335-350. 

Murdaca, G., Contini, P., Cagnati, P., Marenco, S., Pieri, G., Lantieri, F., Picciotto, A. and 

Puppo F., 2017. Behavior of soluble HLA-A, -B, -C and HLA-G molecules in patients with 

chronic hepatitis C virus infection undergoing pegylated interferon-aand ribavirin 

treatment: potential role as markers of response to antiviral therapy. Clin Exp Med,(17), 

pp.93-100. 

Murillo, K.,  Ibave, D., Mejía, C., Pérez, P., Espinosa, M., Rodríguez M., Padilla, B., 

Estilla, R. 2010. Prevalence of the -308 and -238 Tumor Necrosis Factor Alpha (TNF-α) 

Promoter Polymorphisms in Mexican Chronic Hepatitis C Patients. Rev Gastroenterol 

Mex, (75), pp7-11. 

Murphy, D.G., Sablon, E., Chamberland, J., Fournier, E., Dandavino, R. and Tremblay, 

C.L., 2015. Hepatitis C virus genotype 7, a new genotype originating from central 

Africa. Journal of clinical microbiology, 53(3), pp.967-972. 

Ndjoyi-Mbiguino, A., Kombe, A.J.K., Bivigou-Mboumba, B., Zoa-Assoumou, S., 

Akombi, F.L., Nzengui, F.N., Kamdem, H.M.B. and François-Souquière, S., 2018. Low 



References 

         152 
  

prevalence of HCV infection with predominance of genotype 4 among HIV patients living 

in Libreville, Gabon. PloS one, 13(1), p.e0190529.doi: 10.1371/journal.pone.0190529. 

Negash, A.A., Ramos, H.J., Crochet, N., Lau, D.T., Doehle, B., Papic, N., Delker, D.A., 

Jo, J., Bertoletti, A., Hagedorn, C.H. and Gale Jr, M., 2013. IL-1β production through the 

NLRP3 inflammasome by hepatic macrophages links hepatitis C virus infection with liver 

inflammation and disease. PLoS pathogens, 9(4), p.e1003330.doi: 

10.1371/journal.ppat.1003330. 

Neufeldt, C.J., Joyce, M.A., Van Buuren, N., Levin, A., Kirkegaard, K., Gale Jr, M., 

Tyrrell, D.L.J. and Wozniak, R.W., 2016. The hepatitis C virus-induced membranous web 

and associated nuclear transport machinery limit access of pattern recognition receptors to 

viral replication sites. PLoS pathogens, 12(2), p.e1005428. doi: 

10.1371/journal.ppat.1005428. 

Neumann‐Haefelin, C., McKiernan, S., Ward, S., Viazov, S., Spangenberg, H.C., 

Killinger, T., Baumert, T.F., Nazarova, N., Sheridan, I., Pybus, O. and von Weizsäcker, F., 

2006. Dominant influence of an HLA‐B27 restricted CD8+ T cell response in mediating 

HCV clearance and evolution. Hepatology, 43(3), pp.563-572. 

Neumann‐Haefelin, C., Timm, J., Schmidt, J., Kersting, N., Fitzmaurice, K., Oniangue‐

Ndza, C., Kemper, M.N., Humphreys, I., McKiernan, S., Kelleher, D. and Lohmann, V., 

2010. Protective effect of human leukocyte antigen B27 in hepatitis C virus infection 

requires the presence of a genotype‐specific immunodominant CD8+ T‐cell 

epitope. Hepatology, 51(1), pp.54-62. 

Nishiguchi, S., Enomoto, H., Aizawa, N., Nishikawa, H., Osaki, Y., Tsuda, Y., Higuchi, 

K., Okazaki, K., Seki, T., Kim, S.R. and Hongo, Y., 2014. Relevance of the Core 70 and 

IL-28B polymorphism and response-guided therapy of peginterferon alfa-2a±ribavirin for 

chronic hepatitis C of Genotype 1b: a multicenter randomized trial, ReGIT-J study. Journal 

of gastroenterology, 49(3), pp.492-501. 

Nitschke, K., Luxenburger, H., Kiraithe, M.M., Thimme, R. and Neumann-Haefelin, C., 

2016. CD8+ T-cell responses in hepatitis B and C: the (HLA-) A, B, and C of Hepatitis B 

and C. Digestive Diseases, 34(4), pp.396-409. 



References 

         153 
  

Niu, Z., Zhang, P. and Tong, Y., 2016. Age and gender distribution of Hepatitis C virus 

prevalence and genotypes of patients of physical examination in WuHan, Central 

China. Springerplus, 5(1), p.1557. doi: 10.1186/s40064-016-3224-z.  

Nowakowska, B. and Kacprzak-Bergman, I., 2004. Association between HLA antigens and 

hepatitis C virus (HCV) infection. Postepy higieny i medycyny doswiadczalnej 

(Online), 58, pp.458-462. 

Nozawa, Y., Umemura, T., Joshita, S., Katsuyama, Y., Shibata, S., Kimura, T., Morita, S., 

Komatsu, M., Matsumoto, A., Tanaka, E. and Ota, M., 2013. KIR, HLA, and IL28B variant 

predict response to antiviral therapy in genotype 1 chronic hepatitis C patients in 

Japan. PloS one, 8(12), p.e83381.doi: 10.1371/journal.pone.0083381. 

Okamoto, M., Oshiumi, H., Azuma, M., Kato, N., Matsumoto, M. and Seya, T., 2014. IPS-

1 is essential for type III IFN production by hepatocytes and dendritic cells in response to 

hepatitis C virus infection. The Journal of Immunology, 192(6), pp.2770-2777. 

Operskalski, E.A. and Kovacs, A., 2011. HIV/HCV co-infection: pathogenesis, clinical 

complications, treatment, and new therapeutic technologies. Current HIV/AIDS 

Reports, 8(1), pp.12-22. 

Ortega-Prieto, A.M. and Dorner, M., 2017. Immune Evasion Strategies during Chronic 

Hepatitis B and C Virus Infection. Vaccines, 5(3), p.24.doi: 10.3390/vaccines5030024. 

Pallett, L.J., Davies, J., Colbeck, E.J., Robertson, F., Hansi, N., Easom, N.J., Burton, A.R., 

Stegmann, K.A., Schurich, A., Swadling, L. and Gill, U.S., 2017. IL-2high tissue-resident 

T cells in the human liver: Sentinels for hepatotropic infection. Journal of Experimental 

Medicine, pp.1567-1580. 

Pantua, H., Diao, J., Ultsch, M., Hazen, M., Mathieu, M., McCutcheon, K., Takeda, K., 

Date, S., Cheung, T.K., Phung, Q. and Hass, P., 2013. Glycan shifting on hepatitis C virus 

(HCV) E2 glycoprotein is a mechanism for escape from broadly neutralizing 

antibodies. Journal of molecular biology, 425(11), pp.1899-1914. 

Park, H., Serti, E., Eke, O., Muchmore, B., Prokunina‐Olsson, L., Capone, S., Folgori, A. 

and Rehermann, B., 2012. IL‐29 is the dominant type III interferon produced by 

hepatocytes during acute hepatitis C virus infection. Hepatology, 56(6), pp.2060-2070. 



References 

         154 
  

Pasha, H.F., Radwan, M.I., Hagrass, H.A., Tantawy, E.A. and Emara, M.H., 2013. 

Cytokines genes polymorphisms in chronic hepatitis C: impact on susceptibility to 

infection and response to therapy. Cytokine, 61(2), pp.478-484. 

Patil, S.R., Datkhile, K.D., Ghorpade, M.V., Patil, S.S. and Kakade, S.V., 2017. 

Seroprevalence, risk factors and genotype distribution for Hepatitis C infection: A study 

from rural hospital in Maharashtra. Indian journal of medical microbiology, 35(4), p.563-

567. 

Pawlotsky, J.M., 2002. Use and interpretation of virological tests for hepatitis 

C. Hepatology, 36(S1).pp65-73. 

Pawlotsky, J.M., 2010. More sensitive hepatitis C virus RNA detection: What for?. Journal 

of hepatology, 52(6), pp.783-785. 

Pawlotsky, J.M., Feld, J.J., Zeuzem, S. and Hoofnagle, J.H., 2015. From non-A, non-B 

hepatitis to hepatitis C virus cure. Journal of hepatology, 62(1), pp.S87-S99. 

Penin, F., Dubuisson, J., Rey, F.A., Moradpour, D. and Pawlotsky, J.M., 2004. Structural 

biology of hepatitis C virus. Hepatology, 39(1), pp.5-19. 

Pennica, D., Hayflick, J.S., Bringman, T.S., Palladino, M.A. and Goeddel, D.V., 1985. 

Cloning and expression in Escherichia coli of the cDNA for murine tumor necrosis 

factor. Proceedings of the National Academy of Sciences, 82(18), pp.6060-6064. 

Pereira, L.M., Martelli, C.M., Moreira, R.C., Merchan-Hamman, E., Stein, A.T., Cardoso, 

R.M.A., Figueiredo, G.M., Montarroyos, U.R., Braga, C., Turchi, M.D. and Coral, G., 

2013. Prevalence and risk factors of Hepatitis C virus infection in Brazil, 2005 through 

2009: a cross-sectional study. BMC infectious diseases, 13(1), p.60.doi: 10.1186/1471-

2334-13-60. 

Perz, J.F., Armstrong, G.L., Farrington, L.A., Hutin, Y.J. and Bell, B.P., 2006. The 

contributions of hepatitis B virus and hepatitis C virus infections to cirrhosis and primary 

liver cancer worldwide. Journal of hepatology, 45(4), pp.529-538. 

Petersdorf, E.W., 2013. Genetics of graft-versus-host disease: the major histocompatibility 

complex. Blood reviews, 27(1), pp.1-12. 

Petruzziello, A., Marigliano, S., Loquercio, G., Cozzolino, A. and Cacciapuoti, C., 2016. 

Global epidemiology of hepatitis C virus infection: An up-date of the distribution and 



References 

         155 
  

circulation of hepatitis C virus genotypes. World journal of gastroenterology, 22(34), 

p.7824-40. 

Pileri, P., Uematsu, Y., Campagnoli, S., Galli, G., Falugi, F., Petracca, R., Weiner, A.J., 

Houghton, M., Rosa, D., Grandi, G. and Abrignani, S., 1998. Binding of hepatitis C virus 

to CD81. Science, 282(5390), pp.938-941. 

Ploegh, H.L., Orr, H.T. and Strominger, J.L., 1981. Major histocompatibility antigens: the 

human (HLA-A,-B,-C) and murine (H-2K, H-2D) class I molecules. Cell, 24(2), pp.287-

299. 

Ploss, A., Evans, M.J., Gaysinskaya, V.A., Panis, M., You, H., de Jong, Y.P. and Rice, 

C.M., 2009. Human occludin is a hepatitis C virus entry factor required for infection of 

mouse cells. Nature, 457(7231), p.882-6. 

Poenisch, M. and Bartenschlager, R., 2010, November. New insights into structure and 

replication of the hepatitis C virus and clinical implications. In Seminars in liver 

disease (Vol. 30, No. 04, pp. 333-347). © Thieme Medical Publishers. 

Pol, S., Vallet-Pichard, A. and Hermine, O., 2018. Extrahepatic cancers and chronic HCV 

infection. Nature reviews Gastroenterology & hepatology, 15(5), pp.283-290. 

Popescu, C.I., Callens, N., Trinel, D., Roingeard, P., Moradpour, D., Descamps, V., 

Duverlie, G., Penin, F., Héliot, L., Rouillé, Y. and Dubuisson, J., 2011. NS2 protein of 

hepatitis C virus interacts with structural and non-structural proteins towards virus 

assembly. PLoS pathogens, 7(2), p.e1001278. doi: 10.1371/journal.ppat.1001278. 

Powdrill, M.H., Bernatchez, J.A. and Götte, M., 2010. Inhibitors of the hepatitis C virus 

RNA-dependent RNA polymerase NS5B. Viruses, 2(10), pp.2169-2195. 

Prasad, M.R. and Honegger, J.R., 2013. Hepatitis C virus in pregnancy. American journal 

of perinatology, 30(02), pp.149-160. 

Prokunina-Olsson, L., Muchmore, B., Tang, W., Pfeiffer, R.M., Park, H., Dickensheets, 

H., Hergott, D., Porter-Gill, P., Mumy, A., Kohaar, I. and Chen, S., 2013. A variant 

upstream of IFNL3 (IL28B) creating a new interferon gene IFNL4 is associated with 

impaired clearance of hepatitis C virus. Nature genetics, 45(2), pp.164-171. 

Puppo, F., Torre, F., Contini, P., Ghio, M., Brenci, S., Brizzolara, R., Sinelli, N., Campo, 

N., Indiveri, F. and Picciotto, A., 2000. Soluble β2-μ-associated and β2-μ-free HLA class 

I heavy chain serum levels in interferon-α nonresponder chronic hepatitis C patients. 



References 

         156 
  

Markers of immune activation, and response to antiviral retreatment. Journal of clinical 

immunology, 20(6), pp.486-490. 

Pybus, O.G., Barnes, E., Taggart, R., Lemey, P., Markov, P.V., Rasachak, B., Syhavong, 

B., Phetsouvanah, R., Sheridan, I., Humphreys, I.S. and Lu, L., 2009. Genetic history of 

hepatitis C virus in East Asia. Journal of virology, 83(2), pp.1071-1082. 

Qureshi, H., Bile, K.M., Jooma, R., Alam, S.E. and Afridi, H.U.R., 2010. Prevalence of 

hepatitis B and C viral infections in Pakistan: findings of a national survey appealing for 

effective prevention and control measures. Eastern Mediterranean Health Journal, 16, 

p.S15-23. 

Qureshi, M.S., Iqbal, M., Nomani, A.Z. and Rasheed, K., 2014. Time for change: 

conventional interferon regimes should not be the standard of care for management of 

Pakistani genotype-3 in chronic hepatitis C. J Coll Physicians Surg Pak, 24(1), pp.70-72. 

Ramakrishnaiah, V., Thumann, C., Fofana, I., Habersetzer, F., Pan, Q., de Ruiter, P.E., 

Willemsen, R., Demmers, J.A., Raj, V.S., Jenster, G. and Kwekkeboom, J., 2013. 

Exosome-mediated transmission of hepatitis C virus between human hepatoma Huh7. 5 

cells. Proceedings of the National Academy of Sciences, 110(32), pp.13109-13113. 

Rauch, A., Kutalik, Z., Descombes, P., Cai, T., Di Iulio, J., Mueller, T., Bochud, M., 

Battegay, M., Bernasconi, E., Borovicka, J. and Colombo, S., 2010. Genetic variation in 

IL28B is associated with chronic hepatitis C and treatment failure: a genome-wide 

association study. Gastroenterology, 138(4), pp.1338-1345. 

Rego, S.L., Helms, R.S. and Dréau, D., 2014. Tumor necrosis factor-alpha-converting 

enzyme activities and tumor-associated macrophages in breast cancer. Immunologic 

research, 58(1), pp.87-100. 

Rehman, N., Orakzai, M.B., Hayat, A., Azam, S., Ahmad, B., Khan, I. and Zeb, Z., 2018. 

Prevalence of Hepatitis C virus and its risk factors in blood donors in district 

Peshawar. Pakistan journal of pharmaceutical sciences, 31(1),pp83-87. 

Reiss, S., Rebhan, I., Backes, P., Romero-Brey, I., Erfle, H., Matula, P., Kaderali, L., 

Poenisch, M., Blankenburg, H., Hiet, M.S. and Longerich, T., 2011. Recruitment and 

activation of a lipid kinase by hepatitis C virus NS5A is essential for integrity of the 

membranous replication compartment. Cell host & microbe, 9(1), pp.32-45. 



References 

         157 
  

Risch NJ (2000) Searching for genetic determinants in the new millennium. Nature 

405:847–856. 

Robinson, J., Halliwell, J.A., Hayhurst, J.D., Flicek, P., Parham, P. and Marsh, S.G., 2014. 

The IPD and IMGT/HLA database: allele variant databases. Nucleic Acids 

Research, 43(D1), pp.423-431. 

Romero‐Brey, I., Berger, C., Colpitts, C.C., Boldanova, T., Engelmann, M., Todt, D., 

Perin, P.M., Behrendt, P., Vondran, F.W., Xu, S. and Goffinet, C., 2015. Interferon‐

inducible cholesterol‐25‐hydroxylase restricts hepatitis C virus replication through 

blockage of membranous web formation. Hepatology, 62(3), pp.702-714. 

Romero-Brey, I., Merz, A., Chiramel, A., Lee, J.Y., Chlanda, P., Haselman, U., Santarella-

Mellwig, R., Habermann, A., Hoppe, S., Kallis, S. and Walther, P., 2012. Three-

dimensional architecture and biogenesis of membrane structures associated with hepatitis 

C virus replication. PLoS pathogens, 8(12), p.e1003056.doi: 

10.1371/journal.ppat.1003056. 

Rosen, H.R., McHutchison, J.G., Conrad, A.J., Lentz, J.J., Marousek, G., Rose, S.L., 

Zaman, A., Taylor, K. and Chou, S., 2002. Tumor necrosis factor genetic polymorphisms 

and response to antiviral therapy in patients with chronic hepatitis C. The American journal 

of gastroenterology, 97(3), pp.714-720. 

Saeed, M., Andreo, U., Chung, H.Y., Espiritu, C., Branch, A.D., Silva, J.M. and Rice, 

C.M., 2015. SEC14L2 enables pan-genotype HCV replication in cell 

culture. Nature, 524(7566), pp.471-475. 

Saeed, M., Gondeau, C., Hmwe, S., Yokokawa, H., Date, T., Suzuki, T., Kato, T., Maurel, 

P. and Wakita, T., 2013. Replication of hepatitis C virus genotype 3a in cultured 

cells. Gastroenterology, 144(1), pp.56-58. 

Sagnelli, E., Argentini, C., Genovese, D., Pisaturo, M., Coppola, N., Taffon, S., Sagnelli, 

C. and Rapicetta, M., 2009. Virological and epitope evolution of HCV infection from acute 

hepatitis C to subsequent episodes of HCV-related acute liver cell 

necrosis. Infection, 37(4), pp.344-348. 

Sagnelli, E., Coppola, N., Marrocco, C., Coviello, G., Rossi, G., Battaglia, M., Sagnelli, 

C., Messina, V., Tonziello, A., Scolastico, C. and Filippini, P., 2003. Diagnosis of HCV 



References 

         158 
  

related acute hepatitis by serial determination of IgM to HCV: a preliminary 

observation. Journal of biological regulators and homeostatic agents, 17(2), pp.207-210. 

Salloum, S., Wang, H., Ferguson, C., Parton, R.G. and Tai, A.W., 2013. Rab18 binds to 

hepatitis C virus NS5A and promotes interaction between sites of viral replication and lipid 

droplets. PLoS pathogens, 9(8), p.e1003513.doi: 10.1371/journal.ppat.1003513. 

Samimi‐Rad, K., Sadeghi, F., Amirzargar, A., Eshraghian, M.R., Alavian, S.M. and 

Rahimnia, R., 2015. Association of HLA class II alleles with hepatitis C virus clearance 

and persistence in thalassemia patients from Iran. Journal of medical virology, 87(9), 

pp.1565-1572. 

Sarin, S.K. and Kumar, M., 2012. Natural history of HCV infection. Hepatology 

international, 6(4), pp.684-695. 

Sarrazin, C., Isakov, V., Svarovskaia, E., Hedskog, C., Martin, R., Chodavarapu, K., 

Brainard, D.M., Miller, M.D., Mo, H., Molina, J.M. and Sulkowski, M.S., 2016. Late 

relapse versus HCV reinfection in patients with sustained virologic response after 

sofosbuvir-based therapies. Clinical Infectious Diseases, 64(1), pp44-52. 

Sasaki, K., Shindoh, J., Nishioka, Y., Sugawara, T., Margonis, G.A., Andreatos, N., 

Pawlik, T.M. and Hashimoto, M., 2018. Postoperative low hepatitis C virus load predicts 

long‐term outcomes after hepatectomy for hepatocellular carcinoma. Journal of surgical 

oncology, 17(5), pp902-911. 

Scarselli, E., Ansuini, H., Cerino, R., Roccasecca, R.M., Acali, S., Filocamo, G., Traboni, 

C., Nicosia, A., Cortese, R. and Vitelli, A., 2002. The human scavenger receptor class B 

type I is a novel candidate receptor for the hepatitis C virus. The EMBO journal, 21(19), 

pp.5017-5025. 

Scheel, T.K. and Rice, C.M., 2013. Understanding the hepatitis C virus life cycle paves the 

way for highly effective therapies. Nature medicine, 19(7), pp.837-849. 

Schneider, A., Barmada, M.M., Slivka, A., Martin, J.A. and Whitcomb, D.C., 2004. 

Analysis of tumor necrosis factor-α, transforming growth factor-β 1, interleukin-10, and 

interferon-γ polymorphisms in patients with alcoholic chronic pancreatitis. Alcohol, 32(1), 

pp.19-24. 

Schott, E., Witt, H., Neumann, K., Taube, S., Oh, D.Y., Schreier, E., Vierich, S., Puhl, G., 

Bergk, A., Halangk, J. and Weich, V., 2007. A Toll-like receptor 7 single nucleotide 



References 

         159 
  

polymorphism protects from advanced inflammation and fibrosis in male patients with 

chronic HCV-infection. Journal of hepatology, 47(2), pp.203-211. 

Scotto, G., Fazio, V., D'Alessandro, G., Monno, L., Saracino, A., Palumbo, E. and 

Angarano, G., 2003. Association between HLA class II antigens and hepatitis C virus 

infection. Journal of biological regulators and homeostatic agents, 17(4), pp.316-321. 

Sedighimehr, P., Irani, S., Sakhaee, F., Vaziri, F., Aghasadeghi, M., Sadat, S.M., Jamnani, 

F.R., Fateh, A. and Siadat, S.D., 2017. IL28B rs12980275 and HLA rs4273729 genotypes 

as a powerful predictor factor for rapid, early, and sustained virologic response in patients 

with chronic hepatitis C. Archives of virology, 162(1), pp.181-189.  

Seeff, L.B., 2009. The history of the “natural history” of hepatitis C (1968–2009). Liver 

International, 29(s1), pp.89-99. 

Sentandreu, V., Jimenez-Hernandez, N., Torres-Puente, M., Bracho, M.A., Valero, A., 

Gosalbes, M.J., Ortega, E., Moya, A. and Gonzalez-Candelas, F., 2008. Evidence of 

recombination in intrapatient populations of hepatitis C virus. Plos one, 3(9), p.e3239. 

Setia MS. 2016. Methodology Series Module 3: Cross-sectional Studies. Indian journal of 

dermatology, 61(3), 261–264. https://doi.org/10.4103/0019-5154.182410 

Shaker, O., Bassiony, H., El Raziky, M., El-Kamary, S.S., Esmat, G., El-Ghor, A.M. and 

Mohamed, M.M., 2013. Human leukocyte antigen class II alleles (DQB1 and DRB1) as 

predictors for response to interferon therapy in HCV genotype 4. Mediators of 

inflammation. doi: 10.1155/2013/392746. 

Shata, M.T., Anthony, D.D., Carlson, N.L., Andrus, L., Brotman, B., Tricoche, N., 

McCormack, P. and Prince, A., 2002. Characterization of the immune response against 

hepatitis C infection in recovered, and chronically infected chimpanzees. Journal of viral 

hepatitis, 9(6), pp.400-410. 

Sheppard, P., Kindsvogel, W., Xu, W., Henderson, K., Schlutsmeyer, S., Whitmore, T.E., 

Kuestner, R., Garrigues, U., Birks, C., Roraback, J. and Ostrander, C., 2003. IL-28, IL-29 

and their class II cytokine receptor IL-28R. Nature immunology, 4(1), pp.63-68. 

Shi, J., Li, Y., Chang, W., Zhang, X. and Wang, F.S., 2017. Current progress in host innate 

and adaptive immunity against hepatitis C virus infection. Hepatology International, pp.1-

10. 



References 

         160 
  

Shiffman, M.L. ed., 2011. Chronic hepatitis c virus: Advances in treatment, promise for 

the future. Springer Science & Business Media. 

Shimizu, Y.K., Feinstone, S.M., Purcell, R.H., Alter, H.J. and London, W.T., 1979. Non-

A, non-B hepatitis: ultrastructural evidence for two agents in experimentally infected 

chimpanzees. Science, 205(4402), pp.197-200. 

Shin, E.C., Sung, P.S. and Park, S.H., 2016. Immune responses and immunopathology in 

acute and chronic viral hepatitis. Nature Reviews Immunology, 16(8), pp.509-523. 

Shindo, M., Ken, A. and Okuno, T., 1999. Varying incidence of cirrhosis and 

hepatocellular carcinoma in patients with chronic hepatitis C responding differently to 

interferon therapy. Cancer, 85(9), pp.1943-1950. 

Silvestre, D., Kourilsky, F.M., Niccolai, M.G. and Levy, J.P., 1970. Presence of HL. A 

antigens on human reticulocytes as demonstrated by electron 

microscopy. Nature, 228(5266), pp.67-68. 

Simon, A., 2014. Cholesterol metabolism and immunity. New England Journal of 

Medicine, 371(20), pp.1933-1935. 

Singh, R., Kaul, R., Kaul, A. and Khan, K., 2007. A comparative review of HLA 

associations with hepatitis B and C viral infections across global populations. World 

journal of gastroenterology: WJG, 13(12), p.1770. 

Smith, B.D., Morgan, R.L., Beckett, G.A., Falck-Ytter, Y., Holtzman, D. and Ward, J.W., 

2012. Hepatitis C virus testing of persons born during 1945–1965: recommendations from 

the Centers for Disease Control and Prevention. Annals of internal medicine, 157(11), 

pp.817-822. 

Solomon, S.S., Srikrishnan, A.K., McFall, A.M., Kumar, M.S., Saravanan, S., 

Balakrishnan, P., Solomon, S., Thomas, D.L., Sulkowski, M.S. and Mehta, S.H., 2016. 

Burden of liver disease among community-based people who inject drugs (PWID) in 

Chennai, India. PloS one, 11(1), p.e0147879.doi: 10.1371/journal.pone.0147879. 

Sourisseau, M., Michta, M.L., Zony, C., Israelow, B., Hopcraft, S.E., Narbus, C.M., 

Martín, A.P. and Evans, M.J., 2013. Temporal analysis of hepatitis C virus cell entry with 

occludin directed blocking antibodies. PLoS pathogens, 9(3), p.e1003244. doi: 

10.1371/journal.ppat.1003244. 



References 

         161 
  

Spaan, M., Janssen, H.L. and Boonstra, A., 2012. Immunology of hepatitis C virus 

infections. Best Practice & Research Clinical Gastroenterology, 26(4), pp.391-400. 

Sugimoto, K., Ikeda, F., Stadanlick, J., Nunes, F.A., Alter, H.J. and Chang, K.M., 2003. 

Suppression of HCV‐specific T cells without differential hierarchy demonstrated ex vivo 

in persistent HCV infection. Hepatology, 38(6), pp.1437-1448. 

Suhail, M., Sohrab, S.S., Qureshi, A., Tarique, M., Abdel-Hafiz, H., Al-Ghamdi, K. and 

Qadri, I., 2018. Association of HCV mutated proteins and host SNPs in the development 

of hepatocellular carcinoma. Infection, Genetics and Evolution, 60, pp.160-172. 

Sun, J., Rajsbaum, R. and Yi, M., 2015. Immune and non-immune responses to hepatitis C 

virus infection. World Journal of Gastroenterology: WJG, 21(38), p.10739. 

Suppiah, V., Moldovan, M., Ahlenstiel, G., Berg, T., Weltman, M., Abate, M.L., 

Bassendine, M., Spengler, U., Dore, G.J., Powell, E. and Riordan, S., 2009. IL28B is 

associated with response to chronic hepatitis C interferon-α and ribavirin therapy. Nature 

genetics, 41(10), pp.1100-1104. 

Suryaprasad, A.G., White, J.Z., Xu, F., Eichler, B.A., Hamilton, J., Patel, A., Hamdounia, 

S.B., Church, D.R., Barton, K., Fisher, C. and Macomber, K., 2014. Emerging epidemic of 

hepatitis C virus infections among young nonurban persons who inject drugs in the United 

States, 2006–2012. Clinical infectious diseases, 59(10), pp.1411-1419. 

Susser, S., Herrmann, E., Lange, C., Hamdi, N., Müller, T., Berg, T., Perner, D., Zeuzem, 

S. and Sarrazin, C., 2014. Predictive value of interferon-lambda gene polymorphisms for 

treatment response in chronic hepatitis C. PloS one, 9(11), p.e112592. doi: 

10.1371/journal.pone.0112592. 

Syhavong, B., Rasachack, B., Smythe, L., Rolain, J.M., Roque-Afonso, A.M., Jenjaroen, 

K., Soukkhaserm, V., Phongmany, S., Phetsouvanh, R., Soukkhaserm, S. and 

Thammavong, T., 2010. The infective causes of hepatitis and jaundice amongst 

hospitalised patients in Vientiane, Laos. Transactions of the Royal Society of Tropical 

Medicine and Hygiene, 104(7), pp.475-483. 

Tamori, A., Enomoto, M. and Kawada, N., 2016. Recent advances in antiviral therapy for 

chronic hepatitis C. Mediators of inflammation, 2016. doi: 10.1155/2016/6841628. 

Tanabe, M., Kurita-Taniguchi, M., Takeuchi, K., Takeda, M., Ayata, M., Ogura, H., 

Matsumoto, M. and Seya, T., 2003. Mechanism of up-regulation of human Toll-like 



References 

         162 
  

receptor 3 secondary to infection of measles virus-attenuated strains. Biochemical and 

biophysical research communications, 311(1), pp.39-48. 

Tanaka, Y., Nishida, N., Sugiyama, M., Kurosaki, M., Matsuura, K., Sakamoto, N., 

Nakagawa, M., Korenaga, M., Hino, K., Hige, S. and Ito, Y., 2009. Genome-wide 

association of IL28B with response to pegylated interferon-α and ribavirin therapy for 

chronic hepatitis C. Nature genetics, 41(10), pp.1105-1109. 

Tang, L., Marcell, L. and Kottilil, S., 2016. Systemic manifestations of hepatitis C 

infection. Infectious agents and cancer, 11(1), p.29. doi: 10.1186/s13027-016-0076-7. 

Terrault, N.A., Dodge, J.L., Murphy, E.L., Tavis, J.E., Kiss, A., Levin, T.R., Gish, R.G., 

Busch, M.P., Reingold, A.L. and Alter, M.J., 2013. Sexual transmission of hepatitis C virus 

among monogamous heterosexual couples: the HCV partners study. Hepatology, 57(3), 

pp.881-889. 

Thi, V.L.D., Granier, C., Zeisel, M.B., Guérin, M., Mancip, J., Granio, O., Penin, F., 

Lavillette, D., Bartenschlager, R., Baumert, T.F. and Cosset, F.L., 2012. Characterization 

of hepatitis C virus particle subpopulations reveals multiple usage of the scavenger receptor 

BI for entry steps. Journal of Biological Chemistry, 287(37), pp.31242-31257. 

Thimme, R., Binder, M. and Bartenschlager, R., 2012. Failure of innate and adaptive 

immune responses in controlling hepatitis C virus infection. FEMS microbiology 

reviews, 36(3), pp.663-683. 

Thimme, R., Oldach, D., Chang, K.M., Steiger, C., Ray, S.C. and Chisari, F.V., 2001. 

Determinants of viral clearance and persistence during acute hepatitis C virus 

infection. Journal of Experimental Medicine, 194(10), pp.1395-1406. 

Thio, C.L., 2008. Host genetic factors and antiviral immune responses to hepatitis C 

virus. Clinics in liver disease, 12(3), pp.713-726. 

Thio, C.L., Gao, X., Goedert, J.J., Vlahov, D., Nelson, K.E., Hilgartner, M.W., O'Brien, 

S.J., Karacki, P., Astemborski, J., Carrington, M. and Thomas, D.L., 2002. HLA-Cw* 04 

and hepatitis C virus persistence. Journal of virology, 76(10), pp.4792-4797. 

Thio, C.L., Thomas, D.L., Goedert, J.J., Vlahov, D., Nelson, K.E., Hilgartner, M.W., 

O’Brien, S.J., Karacki, P., Marti, D., Astemborski, J. and Carrington, M., 2001. Racial 

differences in HLA class II associations with hepatitis C virus outcomes. The Journal of 

infectious diseases, 184(1), pp.16-21. 



References 

         163 
  

Thoens, C., Berger, C., Trippler, M., Siemann, H., Lutterbeck, M., Broering, R., Schlaak, 

J., Heinemann, F.M., Heinold, A., Nattermann, J. and Scherbaum, N., 2014. KIR2DL3+ 

NKG2A− natural killer cells are associated with protection from productive hepatitis C 

virus infection in people who inject drugs. Journal of hepatology, 61(3), pp.475-481. 

Thomas, D.L., Astemborski, J., Rai, R.M., Anania, F.A., Schaeffer, M., Galai, N., Nolt, 

K., Nelson, K.E., Strathdee, S.A., Johnson, L. and Laeyendecker, O., 2000. The natural 

history of hepatitis C virus infection: host, viral, and environmental factors. Jama, 284(4), 

pp.450-456. 

Thomas, D.L., Thio, C.L., Martin, M.P., Qi, Y., Ge, D., O’hUigin, C., Kidd, J., Kidd, K., 

Khakoo, S.I., Alexander, G. and Goedert, J.J., 2009. Genetic variation in IL28B and 

spontaneous clearance of hepatitis C virus. Nature, 461(7265), pp.798-801. 

Thompson, M.A., Aberg, J.A., Cahn, P., Montaner, J.S., Rizzardini, G., Telenti, A., Gatell, 

J.M., Günthard, H.F., Hammer, S.M., Hirsch, M.S. and Jacobsen, D.M., 2010. 

Antiretroviral treatment of adult HIV infection: 2010 recommendations of the International 

AIDS Society–USA panel. Jama, 304(3), pp.321-333. 

Thorsby, E., 2009. A short history of HLA. Tissue antigens, 74(2), pp.101-116. 

Thrift, A.P., El-Serag, H.B. and Kanwal, F., 2017. Global epidemiology and burden of 

HCV infection and HCV-related disease. Nature Reviews Gastroenterology & 

Hepatology, 14(2), pp.122-132. 

Thursz, M., Yallop, R., Goldin, R., Trepo, C. and Thomas, H.C., 1999. Influence of MHC 

class II genotype on outcome of infection with hepatitis C virus. The Lancet, 354(9196), 

pp.2119-2124. 

Tibbs, C., Donaldson, P., Underhill, J., Thomson, L., Manabe, K. and Williams, R., 1996. 

Evidence that the HLA DQA1* 03 allele confers protection from chronic HCV‐ infection 

in Northern European Caucasoids. Hepatology, 24(6), pp.1342-1345. 

Tillmann, H.L., 2014. Hepatitis C virus core antigen testing: role in diagnosis, disease 

monitoring and treatment. World journal of gastroenterology: WJG, 20(22), p.6701. 

Tillmann, H.L., Thompson, A.J., Patel, K., Wiese, M., Tenckhoff, H., Nischalke, H.D., 

Lokhnygina, Y., Kullig, U., Göbel, U., Capka, E. and Wiegand, J., 2010. A polymorphism 

near IL28B is associated with spontaneous clearance of acute hepatitis C virus and 

jaundice. Gastroenterology, 139(5), pp.1586-1592. 



References 

         164 
  

Timm, J. and Roggendorf, M., 2007. Sequence diversity of hepatitis C virus: implications 

for immune control and therapy. World journal of gastroenterology: WJG, 13(36), p.4808-

17. 

Trepo, C., Vitvitski, L. and Hantz, O., 1981. Non‐A, non‐b hepatitis virus: identification 

of a core antigen‐antibody system that cross reacts with hepatitis b core antigen and 

antibody. Journal of medical virology, 8(1), pp.31-47. 

Trowsdale, J. and Knight, J.C., 2013. Major histocompatibility complex genomics and 

human disease. Annual review of genomics and human genetics, 14, pp.301-323. 

Tsertsvadze, T., Sharvadze, L., Chkhartishvili, N., Dzigua, L., Karchava, M., Gatserelia, 

L., Abutidze, A. and Nelson, K.E., 2016. The natural history of recent hepatitis C virus 

infection among blood donors and injection drug users in the country of Georgia. Virology 

journal, 13(1), p.22.doi: 10.1186/s12985-016-0478-6. 

Tsukiyama-Kohara, K. and Kohara, M., 2018. Hepatitis C virus: Viral quasispecies and 

genotypes. International journal of molecular sciences, 19(1), p.23. 

Tsutsumi, T., Okushin, K., Enooku, K., Fujinaga, H., Moriya, K., Yotsuyanagi, H., Aizaki, 

H., Suzuki, T., Matsuura, Y. and Koike, K., 2017. Nonstructural 5A Protein of Hepatitis C 

Virus Interferes with Toll-Like Receptor Signaling and Suppresses the Interferon Response 

in Mouse Liver. PloS one, 12(1), p.e0170461.doi: 10.1371/journal.pone.0170461.  

Umar, M., tul Bushra, H., Ahmad, M., Ahmad, M., Khurram, M., Usman, S., Arif, M., 

Adam, T., Minhas, Z., Arif, A. and Naeem, A., 2010. Hepatitis C in Pakistan: a review of 

available data. Hepatitis monthly, 10(3), p.205-14. 

Umemura, T., Ota, M., Katsuyama, Y., Wada, S., Mori, H., Maruyama, A., Shibata, S., 

Nozawa, Y., Kimura, T., Morita, S. and Joshita, S., 2014. KIR3DL1-HLA-Bw4 

combination and IL28B polymorphism predict response to Peg-IFN and ribavirin with and 

without telaprevir in chronic hepatitis C. Human immunology, 75(8), pp.822-826. 

Umer, M. and Iqbal, M., 2016. Hepatitis C virus prevalence and genotype distribution in 

Pakistan: Comprehensive review of recent data. World journal of gastroenterology, 22(4), 

p.1684-700. 

Uzri, D. and Gehrke, L., 2009. Nucleotide sequences and modifications that determine 

RIG-I/RNA binding and signaling activities. Journal of virology, 83(9), pp.4174-4184. 



References 

         165 
  

Van de Laar, T.J., Matthews, G.V., Prins, M. and Danta, M., 2010. Acute hepatitis C in 

HIV-infected men who have sex with men: an emerging sexually transmitted 

infection. Aids, 24(12), pp.1799-1812. 

van der Meer, A.J., Veldt, B.J., Feld, J.J., Wedemeyer, H., Dufour, J.F., Lammert, F., 

Duarte-Rojo, A., Heathcote, E.J., Manns, M.P., Kuske, L. and Zeuzem, S., 2012. 

Association between sustained virological response and all-cause mortality among patients 

with chronic hepatitis C and advanced hepatic fibrosis. Jama, 308(24), pp.2584-2593. 

Vermehren, J. and Sarrazin, C., 2012. The role of resistance in HCV treatment. Best 

practice & research Clinical gastroenterology, 26(4), pp.487-503. 

 Vidal-Castiñeira, J.R., Lopez-Vazquez, A., Diaz-Pena, R., Alonso-Arias, R., Martinez-

Borra, J., Perez, R., Fernández-Suárez, J., Melón, S., Prieto, J., Rodrigo, L. and López-

Larrea, C., 2010. Effect of killer immunoglobulin-like receptors in the response to 

combined treatment in patients with chronic hepatitis C virus infection. Journal of 

virology, 84(1), pp.475-481. 

Vieyres, G., Thomas, X., Descamps, V., Duverlie, G., Patel, A.H. and Dubuisson, J., 2010. 

Characterization of the envelope glycoproteins associated with infectious hepatitis C 

virus. Journal of virology, 84(19), pp.10159-10168. 

Villar, L.M., Cruz, H.M., Barbosa, J.R., Bezerra, C.S., Machado, M. and Portilho, 

L.D.P.S., 2015. WJV. World, 4(4), pp.323-342. 

Voigt, E., İnankur, B., Baltes, A. and Yin, J., 2013. A quantitative infection assay for 

human type I, II, and III interferon antiviral activities. Virology journal, 10(1), p.224. doi: 

10.1186/1743-422X-10-224. 

Wagner, C.S., Grotzke, J.E. and Cresswell, P., 2012. Intracellular events regulating cross-

presentation. Frontiers in immunology, 3 (138), doi: 10.3389/fimmu.2012.00138. 

Waheed, Y., Shafi, T., Safi, S.Z. and Qadri, I., 2009. Hepatitis C virus in Pakistan: a 

systematic review of prevalence, genotypes and risk factors. World journal of 

gastroenterology: WJG, 15(45), p.5647-53. 

Walker, C.M., 2017. Designing an HCV vaccine: a unique convergence of prevention and 

therapy?. Current Opinion in Virology, 23, pp.113-119. 



References 

         166 
  

Wang, J. and Al-Lamki, R.S., 2013. Tumor necrosis factor receptor 2: its contribution to 

acute cellular rejection and clear cell renal carcinoma. BioMed research 

international, 2013. doi: 10.1155/2013/821310. 

Wang, J., Al-Lamki, R.S., Zhang, H., Kirkiles-Smith, N., Gaeta, M.L., Thiru, S., Pober, 

J.S. and Bradley, J.R., 2003. Histamine antagonizes tumor necrosis factor (TNF) signaling 

by stimulating TNF receptor shedding from the cell surface and Golgi storage 

pool. Journal of Biological Chemistry, 278(24), pp.21751-21760. 

Wang, J.H., Zheng, X., Ke, X., Dorak, M.T., Shen, J., Boodram, B., O'Gorman, M., 

Beaman, K., Cotler, S.J., Hershow, R. and Rong, L., 2009. Ethnic and geographical 

differences in HLA associations with the outcome of hepatitis C virus infection. Virology 

journal, 6(1), p.46.doi: 10.1186/1743-422X-6-46. 

Wawrzynowicz‐Syczewska, M., Underhill, J.A., Clare, M.A., Boron‐Kaczmarska, A., 

McFarlane, I.G. and Donaldson, P.T., 2000. HLA class II genotypes associated with 

chronic hepatitis C virus infection and response to α‐interferon treatment in Poland. Liver 

International, 20(3), pp.234-239. 

Webster, D.P., Klenerman, P., Dusheiko, G.M., 2015. Hepatitis C. Lancet, 385(9973), pp. 

1124-35 

Welsch, S., Müller, B. and Kräusslich, H.G., 2007. More than one door–budding of 

enveloped viruses through cellular membranes. Febs Letters, 581(11), pp.2089-2097. 

Weng, P.J., Fu, Y.M., Ding, S.X., Xu, D.P., Lin, A. and Yan, W.H., 2011. Elevation of 

plasma soluble human leukocyte antigen–G in patients with chronic hepatitis C virus 

infection. Human immunology, 72(5), pp.406-411. 

Westbrook, R.H. and Dusheiko, G., 2014. Natural history of hepatitis C. Journal of 

hepatology, 61(1), pp.S58-S68. 

Westermann, C., Peters, C., Lisiak, B., Lamberti, M. and Nienhaus, A., 2015. The 

prevalence of hepatitis C among healthcare workers: a systematic review and meta-

analysis. Occup Environ Med, 72(12), doi: 10.1136/oemed-2015-102879. 

Wiese, M., Berr, F., Lafrenz, M., Porst, H. and Oesen, U., 2000. Low frequency of cirrhosis 

in a hepatitis C (genotype 1b) single‐source outbreak in Germany: a 20‐year multicenter 

study. Hepatology, 32(1), pp.91-96. 



References 

         167 
  

Williams, F., Meenagh, A., Single, R., McNally, M., Kelly, P., Nelson, M.P., Meyer, D., 

Lancaster, A., Thomson, G. and Middleton, D., 2004. High resolution HLA-DRB1 

identification of a Caucasian population. Human immunology, 65(1), pp.66-77. 

Wozniak, A.L., Griffin, S., Rowlands, D., Harris, M., Yi, M., Lemon, S.M. and Weinman, 

S.A., 2010. Intracellular proton conductance of the hepatitis C virus p7 protein and its 

contribution to infectious virus production. PLoS pathogens, 6(9), p.e1001087. doi: 

10.1371/journal.ppat.1001087. 

Wu, B., Peisley, A., Richards, C., Yao, H., Zeng, X., Lin, C., Chu, F., Walz, T. and Hur, 

S., 2013. Structural basis for dsRNA recognition, filament formation, and antiviral signal 

activation by MDA5. Cell, 152(1), pp.276-289. 

www.thermoscientific.com/onebio. 

Wyatt, C.M., Malvestutto, C., Coca, S.G., Klotman, P.E. and Parikh, C.R., 2008. The 

impact of hepatitis C virus co-infection on HIV-related kidney disease: a systematic review 

and meta-analysis. AIDS (London, England), 22(14), p.1799-807. 

Xiang, Y., Tang, J.J., Tao, W., Cao, X., Song, B.L. and Zhong, J., 2015. Identification of 

cholesterol 25-hydroxylase as a novel host restriction factor and a part of the primary innate 

immune responses against hepatitis C virus infection. Journal of virology, 89(13), 

pp.6805-6816. 

Xu, X., Yue, M., Jiang, L., Deng, X., Zhang, Y., Zhang, Y., Zhu, D., Xiao, W., Zhou, Z., 

Yao, W. and Kong, J., 2014. Genetic variants in human leukocyte antigen-DP influence 

both hepatitis C virus persistence and hepatitis C virus F protein generation in the Chinese 

Han population. International journal of molecular sciences, 15(6), pp.9826-9843. 

 Xu, Y. and Zhong, J., 2016. Innate immunity against hepatitis C virus. Current opinion in 

immunology, 42, pp.98-104. 

Yang, R. and Wei, L., 2018. Profile of the VERSANT HCV genotype 2.0 assay. Expert 

review of molecular diagnostics, 18(12), pp.995-1004. 

Yang, Y., Qiu, X.Q., Yu, H.P., Zeng, X.Y. and Bei, C.H., 2012. TNF-α-863 

polymorphisms and the risk of hepatocellular carcinoma. Experimental and therapeutic 

medicine, 3(3), pp.513-518.  

http://www.thermoscientific.com/onebio


References 

         168 
  

Yao, Z.Q., Waggoner, S.N., Cruise, M.W., Hall, C., Xie, X., Oldach, D.W. and Hahn, Y.S., 

2005. SOCS1 and SOCS3 are targeted by hepatitis C virus core/gC1qR ligation to inhibit 

T-cell function. Journal of virology, 79(24), pp.15417-15429. 

Yee, L.J., Tang, J., Herrera, J., Kaslow, R.A. and Van Leeuwen, D.J., 2000. Tumor necrosis 

factor gene polymorphisms in patients with cirrhosis from chronic hepatitis C virus 

infection. Genes and immunity, 1(6), p.386-90. 

Yen, Y.T., Chen, H.C., Lin, Y.D., Shieh, C.C. and Wu-Hsieh, B.A., 2008. Enhancement 

by tumor necrosis factor alpha of dengue virus-induced endothelial cell production of 

reactive nitrogen and oxygen species is key to hemorrhage development. Journal of 

virology, 82(24), pp.12312-12324. 

Yenigün, A. and Durupinar, B., 2002. Decreased frequency of the HLA-DRB1* 11 allele 

in patients with chronic hepatitis C virus infection. Journal of virology, 76(4), pp.1787-

1789. 

 Yi, Q., Wang, P.P. and Krahn, M., 2004. Improving the accuracy of long‐term prognostic 

estimates in hepatitis C virus infection. Journal of viral hepatitis, 11(2), pp.166-174.  

Yoon, S.K., Han, J.Y., Pyo, C.W., Yang, J.M., Jang, J.W., Kim, C.W., Im Chang, U., Bae, 

S.H., Choi, J.Y., Chung, K.W. and Sun, H.S., 2005. Association between human leukocytes 

antigen alleles and chronic hepatitis C virus infection in the Korean population. Liver 

International, 25(6), pp.1122-1127. 

Yu, M.L., Dai, C.Y., Chiu, C.C., Lee, L.P., Lin, Z.Y., Chen, S.C., Hsieh, M.Y., Wang, 

L.Y., Chen, C.J., Chuang, W.L. and Chang, W.Y., 2003. Tumor necrosis factor α promoter 

polymorphisms at position− 308 in Taiwanese chronic hepatitis C patients treated with 

interferon-alpha. Antiviral research, 59(1), pp.35-40. 

Yue, M., Xu, K., Wu, M.P., Han, Y.P., Huang, P., Peng, Z.H., Wang, J., Su, J., Yu, R.B., 

Li, J. and Zhang, Y., 2015. Human leukocyte antigen class II alleles are associated with 

hepatitis C virus natural susceptibility in the Chinese population.International journal of 

molecular sciences, 16(8), pp.16792-16805. 

Zajacova, M., Kotrbova-Kozak, A., Cepek, P. and Cerna, M., 2015. Differences in 

promoter DNA methylation and mRNA expression of individual alleles of the HLA class 

II DQA1 gene. Immunology letters, 167(2), pp.147-154. 



References 

         169 
  

Zeisel, M.B., Lupberger, J., Fofana, I. and Baumert, T.F., 2013. Host-targeting agents for 

prevention and treatment of chronic hepatitis C–perspectives and challenges. Journal of 

hepatology, 58(2), pp.375-384. 

Zeuzem, S., Andreone, P., Pol, S., Lawitz, E., Diago, M., Roberts, S., Focaccia, R., 

Younossi, Z., Foster, G.R., Horban, A. and Ferenci, P., 2011. Telaprevir for retreatment of 

HCV infection. New England Journal of Medicine, 364(25), pp.2417-2428. 

 Zhou, P., Lv, G.Q., Wang, J.Z., Li, C.W., Du, L.F., Zhang, C. and Li, J.P., 2011. The TNF-

alpha-238 polymorphism and cancer risk: a meta-analysis. PLoS One, 6(7), p.e22092. doi: 

10.1371/journal.pone.0022092.  

Zibbell, J.E., Iqbal, K., Patel, R.C., Suryaprasad, A., Sanders, K.J., Moore-Moravian, L., 

Serrecchia, J., Blankenship, S., Ward, J.W. and Holtzman, D., 2015. Increases in hepatitis 

C virus infection related to injection drug use among persons aged≤ 30 years-Kentucky, 

Tennessee, Virginia, and West Virginia, 2006-2012. MMWR. Morbidity and mortality 

weekly report, 64(17), pp.453-458. 

Ziegler, S., Ruhl, M., Tenckhoff, H., Wiese, M., Heinemann, F.M., Horn, P.A., Spengler, 

U., Neumann-Haefelin, C., Nattermann, J., Timm, J. and East-German HCV Study Group, 

2013. Susceptibility to chronic hepatitis C virus infection is influenced by sequence 

differences in immunodominant CD8+ T cell epitopes. Journal of hepatology, 58(1), 

pp.24-30. 

Zou, S., Dorsey, K.A., Notari, E.P., Foster, G.A., Krysztof, D.E., Musavi, F., Dodd, R.Y. 

and Stramer, S.L., 2010. Prevalence, incidence, and residual risk of human 

immunodeficiency virus and hepatitis C virus infections among United States blood donors 

since the introduction of nucleic acid testing. Transfusion, 50(7), pp.1495-1504. 



Appendix 

         170 
  

Appendix  
 

Table A.1.1 Gender and literacy based distribution of symptoms in patients 

 

 

p<0.05= Significant, NS= non-significant 

 

Table A.1.2 Demographic distribution of patients on gender and literacy  

 

 

p<0.05= Significant, NS= non-significant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Symptoms Literate (n) Illiterate  (n) Males  (n) Females  (n) 

Jaundice 101 16 70 47 

Abdo. D 77 14 39 52 

Anorexia 76 13 46 43 

Fatigue 117 19 58 78 

Fever 83 16 45 54 

Malaise 59 13 34 38 

Dark Urine 43 1 24 20 

Other 55 6 32 29 

p value 0.377, NS 0.1505, NS 

Mean 76.38 12.25 43.50 45.13 

SD 24.42 5.898 14.85 17.55 

Demography Literate  (n) Illiterate (n) Males (n) Females  (n) 

Islamabad 70 11 40 41 

KP 24 5 10 19 

Punjab 28 2 17 13 

Rawalpindi 77 13 46 44 

Other 13 2 8 7 

p value 0.8053, NS 0.4911, NS 

 

Mean 42.40 6.600 24.20 24.80 

SD 29.02 5.128 17.61 16.74 
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Table A.1.3 Gender and literacy based distribution of age intervals in studied patients  

 

 

p<0.05= Significant, NS= non-significant, S= significant 

 

Table A.1.4 Gender and literacy based distribution of HCV genotypes in studied patients 

 

p<0.05= Significant, NS= non-significant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Age intervals Literate  (n) Illiterate  (n) Males  (n) Females  (n) 

19-30 52 5 30 27 

31-40 69 7 34 42 

41-50 48 6 24 30 

51-60 34 9 23 20 

61-70 9 6 10 5 

p value 0.008, S 0.479, NS 

Mean 42.40 6.600 24.20 24.80 

SD 22.46 1.517 9.121 13.63 

Genotype Literate  (n) Illiterate  (n) Males  (n) Females  (n) 

3a 70 17 42 45 

1a 2 0 1 1 

1b 2 0 2 0 

Untypable 2 0 1 1 

p value 0.697, NS 0.553, NS 

Mean 19.00 4.250 11.50 11.75 

SD 34.00 8.500 20.34 22.17 
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Table A.1.5 Risk factors distribution on gender and literacy basis in studied patients 

 

Risk factors Literate  (n) Illiterate  (n) Males  (n) Females  (n) 

Boil Water 31 0 31 13 

Family member 

infected 50 10 60 24 

Father Status 8 0 8 5 

Mother Status 8 1 9 5 

Parental 

Consanguinity 44 2 46 23 

Injections 211 33 244 120 

Surgery 69 11 80 36 

Blood 

Transfusion 54 6 60 22 

IV Infusion 123 22 145 67 

Dentist Visit 93 18 111 58 

Barber Visit 109 7 116 114 

Skin piercing 100 24 124 10 

Illegal 

Injections 1 1 2 1 

Spouse status 9 0 9 3 

Hospitalization 37 9 46 19 

p value 0.023, S 0.001, S 

Mean 63.13 9.600 72.73 34.67 

SD 56.72 10.29 66.22 38.54 

 

p<0.05= Significant, S= significant 

Table A.1.6 Occupational information of male and female patients 

Occupation Male Female 

Business 10 1 

Driver 12 0 

Labor 25 0 

Servant 36 7 

Shopkeeper 13 1 

Student 8 4 

Teacher 8 7 

Nil 0 2 

House wives 0 102 

p value 0.001, S 

Mean 12.44 13.78 

SD 11.56 33.20 
p<0.05= Significant, S= significant 
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Table A.1.7 Literacy levels in male and female patients 

 

Education Male Female 

Madrasa 8 7 

Primary 15 22 

Middle 18 14 

Metric 29 19 

Intermediate 20 8 

Bachelors 13 19 

Master's 11 9 

Nil 7 26 

Total 121 124 

p value 0.003, S 

Mean 15.13 15.50 

SD 7.200 7.071 

p<0.05= Significant, S= significant 

Single SNP analysis 

Table A.2.1Hardy-Weinberg equilibrium analysis for TNF-α -238 position 

 

 

        *p<0.05= Significant observed  

 

Table A.2.2Dominancy models for TNF-α -238 position genotypes in studied patients 

 

snp1 association with response sex (n=173, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant G/G 77 (87.5%) 77 (90.6%) 1.00 0.34 243.6 253.1 

G/A 5 (5.7%) 6 (7.1%) 1.20 (0.35-4.10) 

A/A 6 (6.8%) 2 (2.4%) 0.33 (0.07-1.70) 

Dominant G/G 77 (87.5%) 77 (90.6%) 1.00 0.52 243.4 249.7 

G/A-A/A 11 (12.5%) 8 (9.4%) 0.73 (0.28-1.91) 

Recessive G/G-G/A 82 (93.2%) 83 (97.7%) 1.00 0.15 241.7 248 

A/A 6 (6.8%) 2 (2.4%) 0.33 (0.06-1.68) 

Overdominant G/G-A/A 83 (94.3%) 79 (92.9%) 1.00 0.71 243.6 249.9 

G/A 5 (5.7%) 6 (7.1%) 1.26 (0.37-4.30) 

Log-additive --- --- --- 0.71 (0.37-1.36) 0.29 242.7 249 

p<0.05= Significant 

 

 

 

 

snp1 exact test for Hardy-Weinberg equilibrium (n=173)  
N11 N12 N22 N1 N2 p-value 

All subjects 154 11 8 319 27 <0.0001* 

sex=Female 77 5 6 159 17 <0.0001 

sex=Male 77 6 2 160 10 0.021 
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Table A.2.3Hardy-Weinberg equilibrium analysis for TNF-α -308 position 
 

snp2 exact test for Hardy-Weinberg equilibrium (n=169)  
N11 N12 N22 N1 N2 p-value 

All subjects 147 7 15 301 37 <0.0001 

sex=Female 75 3 5 153 13 <0.0001 

sex=Male 72 4 10 148 24 <0.0001 
p<0.05= Significant 

 

 

Table A.2.4Dominancy models for TNF-α -308 position genotypes in studied patients 

 

snp2 association with response sex (n=169, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant G/G 75 (90.4%) 72 (83.7%) 1.00 0.4 238.4 247.8 

G/A 3 (3.6%) 4 (4.7%) 1.39 (0.30-6.42) 

A/A 5 (6%) 10 (11.6%) 2.08 (0.68-6.39) 

Dominant G/G 75 (90.4%) 72 (83.7%) 1.00 0.2 236.6 242.8 

G/A-A/A 8 (9.6%) 14 (16.3%) 1.82 (0.72-4.61) 

Recessive G/G-G/A 78 (94%) 76 (88.4%) 1.00 0.2 236.6 242.8 

A/A 5 (6%) 10 (11.6%) 2.05 (0.67-6.29) 

Overdominant G/G-A/A 80 (96.4%) 82 (95.3%) 1.00 0.73 238.1 244.4 

G/A 3 (3.6%) 4 (4.7%) 1.30 (0.28-6.00) 

Log-additive --- --- --- 1.44 (0.84-2.46) 0.17 236.4 242.6 
p<0.05= Significant 

Table A.2.5Hardy-Weinberg equilibrium analysis for TNF-α -863 position 
 

 snp3 exact test for Hardy-Weinberg equilibrium (n=172) 
 

N11 N12 N22 N1 N2 p-value 

All subjects 103 37 32 243 101 <0.0001 

sex=Female 56 16 15 128 46 <0.0001 

sex=Male 47 21 17 115 55 0.00011 

p<0.05= Significant 
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Table A.2.6 Dominancy models for TNF-α -863 position genotypes in studied patients 

 

snp3 association with response sex (n=172, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant C/C 56 (64.4%) 47 (55.3%) 1.00 0.46 242.9 252.3 

C/A 16 (18.4%) 21 (24.7%) 1.56 (0.73-3.33) 

A/A 15 (17.2%) 17 (20%) 1.35 (0.61-2.99) 

Dominant C/C 56 (64.4%) 47 (55.3%) 1.00 0.22 240.9 247.2 

C/A-A/A 31 (35.6%) 38 (44.7%) 1.46 (0.79-2.70) 

Recessive C/C-C/A 72 (82.8%) 68 (80%) 1.00 0.64 242.2 248.5 

A/A 15 (17.2%) 17 (20%) 1.20 (0.56-2.59) 

Overdominant C/C-A/A 71 (81.6%) 64 (75.3%) 1.00 0.31 241.4 247.7 

C/A 16 (18.4%) 21 (24.7%) 1.46 (0.70-3.03) 

Log-additive --- --- --- 1.21 (0.83-1.78) 0.32 241.4 247.7 

p<0.05= Significant 

 

Table A.2.7 Hardy-Weinberg equilibrium analysis for HLA-DRB1 6151 position 
 

snp4 exact test for Hardy-Weinberg equilibrium (n=175)  
N11 N12 N22 N1 N2 p-value 

All subjects 60 60 55 180 170 <0.0001 

sex=Female 26 37 23 89 83 0.2 

sex=Male 34 23 32 91 87 <0.0001 
p<0.05= Significant 

Table A.2.8Dominancy models for HLA-DRB1 6151 position genotypes in studied patients 

 

snp4 association with response sex (n=175, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant T/T 26 (30.2%) 34 (38.2%) 1.00 0.055 242.8 252.2 

T/C 37 (43%) 23 (25.8%) 0.48 (0.23-0.99) 

C/C 23 (26.7%) 32 (36%) 1.06 (0.51-2.23) 

Dominant T/T 26 (30.2%) 34 (38.2%) 1.00 0.27 245.3 251.6 

T/C-C/C 60 (69.8%) 55 (61.8%) 0.70 (0.37-1.31) 

Recessive T/T-T/C 63 (73.3%) 57 (64%) 1.00 0.19 244.8 251.2 

C/C 23 (26.7%) 32 (36%) 1.54 (0.81-2.93) 

Overdominant T/T-C/C 49 (57%) 66 (74.2%) 1.00 0.016 240.8 247.1 

T/C 37 (43%) 23 (25.8%) 0.46 (0.24-0.87) 

Log-additive --- --- --- 1.02 (0.71-1.47) 0.92 246.5 252.9 

p<0.05= Significant 
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Table A.2.9Hardy-Weinberg equilibrium analysis for HLA-DRB1 6167 position 
 

snp5 exact test for Hardy-Weinberg equilibrium (n=146)  
N11 N12 N22 N1 N2 p-value 

All subjects 92 49 5 233 59 0.8 

sex=Female 51 20 2 122 24 1 

sex=Male 41 29 3 111 35 0.75 
p<0.05= Significant 

 

 

Table A.2.10Dominancy models for HLA-DRB1 6167 position genotypes in studied patients 

 

snp5 association with response sex (n=146, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant A/A 51 (69.9%) 41 (56.2%) 1.00 0.23 205.4 214.4 

A/T 20 (27.4%) 29 (39.7%) 1.80 (0.89-3.64) 

T/T 2 (2.7%) 3 (4.1%) 1.87 (0.30-11.70) 

Dominant A/A 51 (69.9%) 41 (56.2%) 1.00 0.086 203.4 209.4 

A/T-T/T 22 (30.1%) 32 (43.8%) 1.81 (0.92-3.57) 

Recessive A/A-A/T 71 (97.3%) 70 (95.9%) 1.00 0.65 206.2 212.2 

T/T 2 (2.7%) 3 (4.1%) 1.52 (0.25-9.38) 

Overdominant A/A-T/T 53 (72.6%) 44 (60.3%) 1.00 0.11 203.9 209.9 

A/T 20 (27.4%) 29 (39.7%) 1.75 (0.87-3.50) 

Log-additive --- --- --- 1.64 (0.90-2.99) 0.1 203.7 209.7 

p<0.05= Significant 

 

Table A.2.11Hardy-Weinberg equilibrium analysis for HLA-DRB1 6192 position 
 

snp6 exact test for Hardy-Weinberg equilibrium (n=177)  
N11 N12 N22 N1 N2 p-value 

All subjects 159 18 0 336 18 1 

sex=Female 78 9 0 165 9 1 

sex=Male 81 9 0 171 9 1 
p<0.05= Significant 
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Table A.2.12Dominancy models for HLA-DRB1 6192 position genotypes in studied patients 

 

snp6 association with response sex (n=177, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

--- C/C 78 (89.7%) 81 (90%) 1.00 0.94 249.3 255.7 

C/T 9 (10.3%) 9 (10%) 0.96 (0.36-2.55) 
p<0.05= Significant 

 

Table A.2.13Hardy-Weinberg equilibrium analysis for HLA-DRB1 6228 position 
 

snp7 exact test for Hardy-Weinberg equilibrium (n=174)  
N11 N12 N22 N1 N2 p-value 

All subjects 87 15 72 189 159 <0.0001 

sex=Female 36 10 40 82 90 <0.0001 

sex=Male 51 5 32 107 69 <0.0001 
p<0.05= Significant 

 

 

Table A.2.14Dominancy models for HLA-DRB1 6228 position genotypes in studied patients 

 

snp7 association with response sex (n=174, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant C/C 36 (41.9%) 51 (58%) 1.00 0.076 242 251.5 

C/T 10 (11.6%) 5 (5.7%) 0.35 (0.11-1.12) 

T/T 40 (46.5%) 32 (36.4%) 0.56 (0.30-1.06) 

Dominant C/C 36 (41.9%) 51 (58%) 1.00 0.033 240.7 247 

C/T-T/T 50 (58.1%) 37 (42%) 0.52 (0.29-0.95) 

Recessive C/C-C/T 46 (53.5%) 56 (63.6%) 1.00 0.17 243.3 249.7 

T/T 40 (46.5%) 32 (36.4%) 0.66 (0.36-1.21) 

Overdominant C/C-T/T 76 (88.4%) 83 (94.3%) 1.00 0.16 243.2 249.5 

C/T 10 (11.6%) 5 (5.7%) 0.46 (0.15-1.40) 

Log-additive --- --- --- 0.75 (0.54-1.02) 0.069 241.9 248.2 

p<0.05= Significant 
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Table A.2.15Hardy-Weinberg equilibrium analysis for HLA-DRB1 6231 position 
 

snp8 exact test for Hardy-Weinberg equilibrium (n=88)  
N11 N12 N22 N1 N2 p-value 

All subjects 33 31 24 97 79 0.0092 

sex=Female 21 16 10 58 36 0.065 

sex=Male 12 15 14 39 43 0.12 
p<0.05= Significant 

 

 

Table A.2.16Dominancy models for HLA-DRB1 6231 position genotypes in studied patients 

 

snp8 association with response sex (n=88, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant C/C 21 (44.7%) 12 (29.3%) 1.00 0.25 124.8 132.2 

T/C 16 (34%) 15 (36.6%) 1.64 (0.60-4.46) 

T/T 10 (21.3%) 14 (34.1%) 2.45 (0.83-7.20) 

Dominant C/C 21 (44.7%) 12 (29.3%) 1.00 0.13 123.3 128.3 

T/C-T/T 26 (55.3%) 29 (70.7%) 1.95 (0.81-4.73) 

Recessive C/C-T/C 37 (78.7%) 27 (65.8%) 1.00 0.18 123.8 128.7 

T/T 10 (21.3%) 14 (34.1%) 1.92 (0.74-4.97) 

Overdominant C/C-T/T 31 (66%) 26 (63.4%) 1.00 0.8 125.5 130.5 

T/C 16 (34%) 15 (36.6%) 1.12 (0.47-2.68) 

Log-additive --- --- --- 1.57 (0.92-2.68) 0.096 122.8 127.8 

p<0.05= Significant 

 

Table A.2.17Hardy-Weinberg equilibrium analysis for HLA-DRB1 6236 position 
 

snp9 exact test for Hardy-Weinberg equilibrium (n=174)  
N11 N12 N22 N1 N2 p-value 

All subjects 127 42 5 296 52 0.55 

sex=Female 67 17 2 151 21 0.6 

sex=Male 60 25 3 145 31 0.72 
p<0.05= Significant 
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Table A.2.18Dominancy models for HLA-DRB1 6236 position genotypes in studied patients 

 

snp9 association with response sex (n=174, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant A/A 67 (77.9%) 60 (68.2%) 1.00 0.35 245.1 254.6 

A/C 17 (19.8%) 25 (28.4%) 1.64 (0.81-3.33) 

C/C 2 (2.3%) 3 (3.4%) 1.68 (0.27-10.37) 

Dominant A/A 67 (77.9%) 60 (68.2%) 1.00 0.15 243.1 249.4 

A/C-C/C 19 (22.1%) 28 (31.8%) 1.65 (0.83-3.24) 

Recessive A/A-A/C 84 (97.7%) 85 (96.6%) 1.00 0.67 245 251.3 

C/C 2 (2.3%) 3 (3.4%) 1.48 (0.24-9.10) 

Overdominant A/A-C/C 69 (80.2%) 63 (71.6%) 1.00 0.18 243.4 249.7 

A/C 17 (19.8%) 25 (28.4%) 1.61 (0.80-3.26) 

Log-additive --- --- --- 1.51 (0.84-2.72) 0.17 243.3 249.6 
p<0.05= Significant 

Table A.2.19Hardy-Weinberg equilibrium analysis for HLA-DRB1 6251 position 
 

snp10 exact test for Hardy-Weinberg equilibrium (n=174)  
N11 N12 N22 N1 N2 p-value 

All subjects 151 22 1 324 24 0.57 

sex=Female 79 7 1 165 9 0.2 

sex=Male 
      

p<0.05= Significant 

 

 

Table A.2.20Dominancy models for HLA-DRB1 6251 position genotypes in studied patients 

 

snp10 association with response sex (n=174, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant A/A 79 (90.8%) 72 (82.8%) 1.00 0.096 242.5 252 

A/T 7 (8.1%) 15 (17.2%) 2.35 (0.91-6.09) 

T/T 1 (1.1%) 0 (0%) 0.00 (0.00-NA) 

Dominant A/A 79 (90.8%) 72 (82.8%) 1.00 0.11 242.7 249 

A/T-T/T 8 (9.2%) 15 (17.2%) 2.06 (0.82-5.14) 

Recessive A/A-A/T 86 (98.8%) 87 (100%) 1.00 0.24 243.8 250.1 

T/T 1 (1.1%) 0 (0%) 0.00 (0.00-NA) 

Overdominant A/A-T/T 80 (92%) 72 (82.8%) 1.00 0.065 241.8 248.1 

A/T 7 (8.1%) 15 (17.2%) 2.38 (0.92-6.17) 

Log-additive --- --- --- 1.72 (0.73-4.04) 0.2 243.6 249.9 

p<0.05= Significant, NA= not availabale. 
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Table A.2.21Hardy-Weinberg equilibrium analysis for HLA-DQB1 -8471 position 
 

snp11 exact test for Hardy-Weinberg equilibrium (n=174)  
N11 N12 N22 N1 N2 p-value 

All subjects 126 35 13 287 61 0.00022 

sex=Female 65 14 6 144 26 0.003 

sex=Male 61 21 7 143 35 0.036 
p<0.05= Significant 

 

 

Table A.2.22Dominancy models for HLA-DQB1 -8471 position genotypes in studied patients 

 

snp11 association with response sex (n=174, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant C/C 65 (76.5%) 61 (68.5%) 1.00 0.47 245.6 255.1 

C/G 14 (16.5%) 21 (23.6%) 1.60 (0.75-3.42) 

G/G 6 (7.1%) 7 (7.9%) 1.24 (0.40-3.91) 

Dominant C/C 65 (76.5%) 61 (68.5%) 1.00 0.24 243.7 250.1 

C/G-G/G 20 (23.5%) 28 (31.5%) 1.49 (0.76-2.92) 

Recessive C/C-C/G 79 (92.9%) 82 (92.1%) 1.00 0.84 245.1 251.4 

G/G 6 (7.1%) 7 (7.9%) 1.12 (0.36-3.49) 

Overdominant C/C-G/G 71 (83.5%) 68 (76.4%) 1.00 0.24 243.7 250.1 

C/G 14 (16.5%) 21 (23.6%) 1.57 (0.74-3.33) 

Log-additive --- --- --- 1.26 (0.77-2.06) 0.35 244.2 250.6 

 

p<0.05= Significant 

Table A.2.23Hardy-Weinberg equilibrium analysis for HLA-DQB1 -8465 position 
 

snp12 exact test for Hardy-Weinberg equilibrium (n=173)  
N11 N12 N22 N1 N2 p-value 

All subjects 114 42 17 270 76 0.00026 

sex=Female 56 19 9 131 37 0.003 

sex=Male 
      

p<0.05= Significant 
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Table A.2.24Dominancy models for HLA-DQB1 -8465 position genotypes in studied patients 

 

snp12 association with response sex (n=173, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant C/C 56 (66.7%) 58 (65.2%) 1.00 0.85 245.4 254.8 

C/G 19 (22.6%) 23 (25.8%) 1.17 (0.57-2.38) 

G/G 9 (10.7%) 8 (9%) 0.86 (0.31-2.38) 

Dominant C/C 56 (66.7%) 58 (65.2%) 1.00 0.84 243.6 249.9 

C/G-G/G 28 (33.3%) 31 (34.8%) 1.07 (0.57-2.01) 

Recessive C/C-C/G 75 (89.3%) 81 (91%) 1.00 0.7 243.5 249.8 

G/G 9 (10.7%) 8 (9%) 0.82 (0.30-2.24) 

Overdominant C/C-G/G 65 (77.4%) 66 (74.2%) 1.00 0.62 243.4 249.7 

C/G 19 (22.6%) 23 (25.8%) 1.19 (0.59-2.39) 

Log-additive --- --- --- 0.99 (0.64-1.56) 0.98 243.7 250 

p<0.05= Significant 

Table A.2.25Hardy-Weinberg equilibrium analysis for HLA-DQB1 -8447 position 
 

snp13 exact test for Hardy-Weinberg equilibrium (n=126)  
N11 N12 N22 N1 N2 p-value 

All subjects 61 21 44 143 109 <0.0001 

sex=Female 32 11 19 75 49 <0.0001 

sex=Male 29 10 25 68 60 <0.0001 
p<0.05= Significant 

 

Table A.2.26Dominancy models for HLA-DQB1 -8447 position genotypes in studied patients 

 

snp13 association with response sex (n=126, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant A/A 32 (51.6%) 29 (45.3%) 1.00 0.61 179.7 188.2 

A/G 11 (17.7%) 10 (15.6%) 1.00 (0.37-2.71) 

G/G 19 (30.6%) 25 (39.1%) 1.45 (0.67-3.17) 

Dominant A/A 32 (51.6%) 29 (45.3%) 1.00 0.48 178.1 183.8 

A/G-G/G 30 (48.4%) 35 (54.7%) 1.29 (0.64-2.59) 

Recessive A/A-A/G 43 (69.3%) 39 (60.9%) 1.00 0.32 177.7 183.3 

G/G 19 (30.6%) 25 (39.1%) 1.45 (0.69-3.03) 

Overdominant A/A-G/G 51 (82.3%) 54 (84.4%) 1.00 0.75 178.5 184.2 

A/G 11 (17.7%) 10 (15.6%) 0.86 (0.34-2.19) 

Log-additive --- --- --- 1.20 (0.81-1.77) 0.36 177.8 183.5 

p<0.05= Significant 
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Table A.2.27Hardy-Weinberg equilibrium analysis for HLA-DQB1 -8442 position 
 

snp14 exact test for Hardy-Weinberg equilibrium (n=168)  
N11 N12 N22 N1 N2 p-value 

All subjects 128 37 3 293 43 0.74 

sex=Female 65 17 2 147 21 0.61 

sex=Male 63 20 1 146 22 1 
p<0.05= Significant 

 

Table A.2.28Dominancy models for HLA-DQB1 -8442 position genotypes in studied patients 

 

snp14 association with response sex (n=168, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant G/G 65 (77.4%) 63 (75%) 1.00 0.74 238.3 247.7 

G/A 17 (20.2%) 20 (23.8%) 1.21 (0.58-2.53) 

A/A 2 (2.4%) 1 (1.2%) 0.52 (0.05-5.83) 

Dominant G/G 65 (77.4%) 63 (75%) 1.00 0.72 236.8 243 

G/A-A/A 19 (22.6%) 21 (25%) 1.14 (0.56-2.32) 

Recessive G/G-G/A 82 (97.6%) 83 (98.8%) 1.00 0.56 236.6 242.8 

A/A 2 (2.4%) 1 (1.2%) 0.49 (0.04-5.55) 

Overdominant G/G-A/A 67 (79.8%) 64 (76.2%) 1.00 0.58 236.6 242.8 

G/A 17 (20.2%) 20 (23.8%) 1.23 (0.59-2.56) 

Log-additive --- --- --- 1.05 (0.56-1.99) 0.87 236.9 243.1 

p<0.05= Significant 

 

Table A.2.29Hardy-Weinberg equilibrium analysis for HLA-DQB1 -8362 position 
 

snp15 exact test for Hardy-Weinberg equilibrium (n=172)  
N11 N12 N22 N1 N2 p-value 

All subjects 90 65 17 245 99 0.35 

sex=Female 43 30 11 116 52 0.13 

sex=Male 47 35 6 129 47 1 

p<0.05= Significant 
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Table A.2.30Dominancy models for HLA-DQB1 -8362 position genotypes in studied patients 

 

snp15 association with response sex (n=172, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant G/G 43 (51.2%) 47 (53.4%) 1.00 0.37 242.4 251.8 

G/C 30 (35.7%) 35 (39.8%) 1.07 (0.56-2.02) 

C/C 11 (13.1%) 6 (6.8%) 0.50 (0.17-1.47) 

Dominant G/G 43 (51.2%) 47 (53.4%) 1.00 0.77 242.3 248.6 

G/C-C/C 41 (48.8%) 41 (46.6%) 0.91 (0.50-1.66) 

Recessive G/G-G/C 73 (86.9%) 82 (93.2%) 1.00 0.17 240.4 246.7 

C/C 11 (13.1%) 6 (6.8%) 0.49 (0.17-1.38) 

Overdominant G/G-C/C 54 (64.3%) 53 (60.2%) 1.00 0.58 242 248.3 

G/C 30 (35.7%) 35 (39.8%) 1.19 (0.64-2.20) 

Log-additive --- --- --- 0.82 (0.53-1.30) 0.4 241.6 247.9 

p<0.05= Significant 

 

Table A.2.31Hardy-Weinberg equilibrium analysis for HLA-DQB1 -8344 position 
 

snp16 exact test for Hardy-Weinberg equilibrium (n=170)  
N11 N12 N22 N1 N2 p-value 

All subjects 109 40 21 258 82 <0.0001 

sex=Female 53 24 8 130 40 0.065 

sex=Male 56 16 13 128 42 <0.0001 
p<0.05= Significant 

Table A.2.32Dominancy models for HLA-DQB1 -8344 position genotypes in studied patients 

 

snp16 association with response sex (n=170, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant T/T 53 (62.4%) 56 (65.9%) 1.00 0.24 238.8 248.2 

T/C 24 (28.2%) 16 (18.8%) 0.63 (0.30-1.32) 

C/C 8 (9.4%) 13 (15.3%) 1.54 (0.59-4.01) 

Dominant T/T 53 (62.4%) 56 (65.9%) 1.00 0.63 239.4 245.7 

T/C-C/C 32 (37.6%) 29 (34.1%) 0.86 (0.46-1.61) 

Recessive T/T-T/C 77 (90.6%) 72 (84.7%) 1.00 0.24 238.3 244.6 

C/C 8 (9.4%) 13 (15.3%) 1.74 (0.68-4.44) 

Overdominant T/T-C/C 61 (71.8%) 69 (81.2%) 1.00 0.15 237.6 243.8 

T/C 24 (28.2%) 16 (18.8%) 0.59 (0.29-1.21) 

Log-additive --- --- --- 1.05 (0.68-1.61) 0.83 239.6 245.9 

p<0.05= Significant 
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Table A.2.33Hardy-Weinberg equilibrium analysis for HLA-DQB1 -8331 position 
 

snp17 exact test for Hardy-Weinberg equilibrium (n=168)  
N11 N12 N22 N1 N2 p-value 

All subjects 94 40 34 228 108 <0.0001 

sex=Female 48 17 18 113 53 <0.0001 

sex=Male 46 23 16 115 55 0.00092 
p<0.05= Significant 

 

 

Table A.2.34Dominancy models for HLA-DQB1 -8331 position genotypes in studied patients 

 

snp16 association with response sex (n=168, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant T/T 48 (57.8%) 46 (54.1%) 1.00 0.59 237.8 247.2 

T/G 17 (20.5%) 23 (27.1%) 1.41 (0.67-2.98) 

G/G 18 (21.7%) 16 (18.8%) 0.93 (0.42-2.03) 

Dominant T/T 48 (57.8%) 46 (54.1%) 1.00 0.63 236.6 242.9 

T/G-G/G 35 (42.2%) 39 (45.9%) 1.16 (0.63-2.14) 

Recessive T/T-T/G 65 (78.3%) 69 (81.2%) 1.00 0.64 236.7 242.9 

G/G 18 (21.7%) 16 (18.8%) 0.84 (0.39-1.78) 

Overdominant T/T-G/G 66 (79.5%) 62 (72.9%) 1.00 0.32 235.9 242.1 

T/G 17 (20.5%) 23 (27.1%) 1.44 (0.70-2.95) 

Log-additive --- --- --- 1.01 (0.69-1.48) 0.94 236.9 243.1 

p<0.05= Significant 

 

Table A.2.35. Hardy-Weinberg equilibrium analysis for HLA-DQB1 -8307 position 
 

snp18 exact test for Hardy-Weinberg equilibrium (n=128)  
N11 N12 N22 N1 N2 p-value 

All subjects 64 28 36 156 100 <0.0001 

sex=Female 32 15 18 79 51 <0.0001 

sex=Male 32 13 18 77 49 <0.0001 
p<0.05= Significant 
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Table A.2.36Dominancy models for HLA-DQB1 -8307 position genotypes in studied patients 

 

snp18 association with response sex (n=128, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant C/C 32 (49.2%) 32 (50.8%) 1.00 0.95 183.3 191.9 

T/C 15 (23.1%) 13 (20.6%) 0.87 (0.36-2.11) 

T/T 18 (27.7%) 18 (28.6%) 1.00 (0.44-2.26) 

Dominant C/C 32 (49.2%) 32 (50.8%) 1.00 0.86 181.4 187.1 

T/C-T/T 33 (50.8%) 31 (49.2%) 0.94 (0.47-1.88) 

Recessive C/C-T/C 47 (72.3%) 45 (71.4%) 1.00 0.91 181.4 187.1 

T/T 18 (27.7%) 18 (28.6%) 1.04 (0.48-2.26) 

Overdominant C/C-T/T 50 (76.9%) 50 (79.4%) 1.00 0.74 181.3 187 

T/C 15 (23.1%) 13 (20.6%) 0.87 (0.37-2.01) 

Log-additive --- --- --- 0.99 (0.66-1.48) 0.96 181.4 187.1 

p<0.05= Significant 

 

Table A.2.37Hardy-Weinberg equilibrium analysis for HLA-DQB1 -8298 position 
 

snp19 exact test for Hardy-Weinberg equilibrium (n=164) 
 

N11 N12 N22 N1 N2 p-value 

All subjects 73 27 64 173 155 <0.0001 

sex=Female 35 11 36 81 83 <0.0001 

sex=Male 38 16 28 92 72 <0.0001 

p<0.05= Significant 

 

Table A.2.38Dominancy models for HLA-DQB1 -8298 position genotypes in studied patients 

 

snp19 association with response sex (n=164, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant A/A 35 (42.7%) 38 (46.3%) 1.00 0.36 231.3 240.6 

A/G 11 (13.4%) 16 (19.5%) 1.34 (0.55-3.28) 

G/G 36 (43.9%) 28 (34.1%) 0.72 (0.36-1.41) 

Dominant A/A 35 (42.7%) 38 (46.3%) 1.00 0.64 231.1 237.3 

A/G-G/G 47 (57.3%) 44 (53.7%) 0.86 (0.47-1.60) 

Recessive A/A-A/G 46 (56.1%) 54 (65.8%) 1.00 0.2 229.7 235.9 

G/G 36 (43.9%) 28 (34.1%) 0.66 (0.35-1.25) 

Overdominant A/A-G/G 71 (86.6%) 66 (80.5%) 1.00 0.29 230.2 236.4 

A/G 11 (13.4%) 16 (19.5%) 1.56 (0.68-3.62) 

Log-additive --- --- --- 0.85 (0.61-1.19) 0.35 230.5 236.7 

p<0.05= Significant 
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Table A.2.39Hardy-Weinberg equilibrium analysis for HLA-DQB1 -8288 position 
 

snp20 exact test for Hardy-Weinberg equilibrium (n=125)  
N11 N12 N22 N1 N2 p-value 

All subjects 68 15 42 151 99 <0.0001 

sex=Female 31 8 23 70 54 <0.0001 

sex=Male 37 7 19 81 45 <0.0001 
p<0.05= Significant 

 

 

Table A.2.40Dominancy models for HLA-DQB1 -8288 position genotypes in studied patients 

 

snp20 association with response sex (n=125, crude analysis) 

Model Genotype sex=Female sex=Male OR (95% CI) p-value AIC BIC 

Codominant A/A 31 (50%) 37 (58.7%) 1.00 0.62 178.3 186.8 

A/C 8 (12.9%) 7 (11.1%) 0.73 (0.24-2.25) 

C/C 23 (37.1%) 19 (30.2%) 0.69 (0.32-1.50) 

Dominant A/A 31 (50%) 37 (58.7%) 1.00 0.33 176.3 182 

A/C-C/C 31 (50%) 26 (41.3%) 0.70 (0.35-1.42) 

Recessive A/A-A/C 39 (62.9%) 44 (69.8%) 1.00 0.41 176.6 182.3 

C/C 23 (37.1%) 19 (30.2%) 0.73 (0.35-1.54) 

Overdominant A/A-C/C 54 (87.1%) 56 (88.9%) 1.00 0.76 177.2 182.8 

A/C 8 (12.9%) 7 (11.1%) 0.84 (0.29-2.49) 

Log-additive --- --- --- 0.83 (0.56-1.22) 0.34 176.4 182 

 

p<0.05= Significant 
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Figure A.3.1 Alligned sequences of the  SNPs observed in HLA-DRB1gene 
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Figure A.3.2 Alligned sequences of the  SNPs observed in HLA-DQB1 gene (1-6) 
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Figure A.3.2 Alligned sequences of the  SNPs observed in HLA-DQB1 gene (7-10) 
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Figure A.3.3 Alligned sequences of the  SNPs observed in TNF-α  gene (-238/-308) positios 
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Figure A.3.3 Alligned sequences of the  SNPs observed in TNF-α  gene (-863) position 
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Table 3.4 Minor allele frequencies and allelic estimates in South Asian population for the studied SNPs 

 

 
rs number Reference 

Allele 

Variant 

Allele 

Allele frequency 

UCSC hg-19 

MAF 

dnSNP 

Allele frequency in South Asian 

population 

Ensemble h38 

rs361525 G A G: 93.91%,A: 6.09% A=0.0609/305 (1000 Genomes) 

A=0.0495/6212 (TOPMED) 

G=89% 

A=11% 

rs1800629 G A G: 85.24%, A: 14.73% A=0.1616/3247 (ExAC) 

A=0.0903/452 (1000 Genomes) 

A=0.1414/803 (GO-ESP) 

A=0.1431/17974 (TOPMED) 

G=95% 

A=5% 

rs1800630 C A C: 84.58%, A: 15.41% A=0.1542/772 (1000 Genomes) 

A=0.1413/17746 (TOPMED) 

C=76% 

A=24% 

rs1064664 T C T: 70.39%, C: 29.60% G=0.2954/31059 (ExAC) 

G=0.3095/1550 (1000 Genomes) 

G=0.2867/3703 (GO-ESP) 

G=0.3190/40052 (TOPMED) 

A=68% 

G=32% 

rs707957 C A/G C: 26.92%, A: 60.76%,  

T: 12.31% 

G=0.2693/29939 (ExAC) A=11% 

G=37% 

T=52% 

rs776046212 C T C: 99.998%, T:0.002% T=0.00002/2 (ExAC) C=100% 

T=0% 

rs2308802 C T/G C: 54.31%, T: 45.62% 

G: 0.058% 

A=0.4562/45680 (ExAC) 

A=0.4692/58916 (TOPMED) 

A=31% 

C=0% 

G=69% 

rs3167799 T G/C N/A A=0.2676/33605 (TOPMED) A=68% 

C=3% 

G=29% 

rs1059586 A C A: 94.96%, C: 5.03% G=0.0503/4812 (ExAC) 

G=0.0786/9867 (TOPMED) 

G=1% 

T=99% 

rs397844204 A A N/A N/A N/A 

rs9273598 C G N/A NA N/A 

rs9273592 G C/T G: 99.96%, T: 0.032%  T=0.0002/8 (ExAC) 

T=0.0012/6 (1000 Genomes) 

G=100% 

T=0% 
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T=0.0011/13 (GO-ESP) 

T=0.0047/584 (TOPMED) 

rs9273588 G A/C G: 99.35%, A: 0.642% A=0.00003/1 (ExAC) 

A=0.0551/276 (1000 Genomes) 

A=0.0126/1584 (TOPMED) 

G=84% 

A=16% 

rs9273552 G A G: 87.14%, A: 12.85%  A=0.1286/644 (1000 Genomes) 

A=0.0355/4457 (TOPMED) 

G=90% 

A=10% 

 

rs34644981 G C G:87.89%, C: 12.10% G=0.1210/606 (1000 Genomes) 

G=0.0928/11658 (TOPMED) 

C=91% 

G=9% 
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