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ABSTRACT 

Hepatitis C infection has become a leading cause of chronic liver disease and a globally growing 

public health concern these days. It has infected about 150 million individuals worldwide 

including ten millions in Pakistan. The standard protocol to treat the Hepatitis C patient is based 

on the confirmation of the Hepatitis C virus (HCV) RNA in the patient’s blood, determination of 

viral load and its specific genotype. This information helps to decide the nature and duration of 

therapy. Before treating the Hepatitis C patients, an in-house HCV RNA qualitative polymerase 

chain reaction (PCR) test for the detection of HCV on molecular level was established. To 

investigate the specific genotype of HCV in the patient, a multiplex HCV genotyping assay was 

also established. HCV RNA was detected in 4981 (75.81%) out of 6570 cases which were 

reactive for Anti-HCV antibody test by ELISA method. 4528(90.90%) of the HCV RNA positive 

patients had single genotype, 201(4.04%) had more than one genotypes whereas in 252(5.06%) 

HCV remained non-classifiable. Although genotype 3 was the most frequent type in the present 

study (68.10%). However, a downward trend was observed in the prevalence of genotype 3 in 

last five years (2007-2012). On the contrary, the prevalence of genotype 1 and 4 was observed to 

be rising during that period. Transmission of HCV was strongly associated with the use of un-

sterilized razors in barber shops as well as in those who underwent procedures in general or 

dental surgery. The low titer of HCV RNA at the start of therapy, more than two log drop of viral 

load at week-4 and undetectable HCV RNA in the middle of therapy were associated with the 

response of HCV infected patients treated with Interferon alpha 2b plus Ribavirin (IFNα-

2b+RBV). So, the findings of present study suggest that the viral load measurement at different 

time points during the therapy could be used in clinical practice to decide the treatment 

continuation or termination at early stages. The response to treatment (IFNα-2b+RBV) was also 

observed to be inversely related to the age of the patient. Younger age was associated with a 

better response and old age with treatment failure. The ratio of ETR was marginally higher in 

males (76.14%) than females (72.77%). Sustained response was observed to be high in genotype 

3. The treatment response was also highly associated with amino acid sequence variation in both 

the selected regions of E2 protein from HCV subtype 3a (E2506-564 and E2622-714). 
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APPENDIX 
 

General molecular biology solutions 

1M EDTA: (100 ml) (C10 H14 N2 C8 Na2) 

EDTA    37.4 g 

dH2O    80 mL 

 

Dissolved 37.2 g of EDTA (Ethylenediaminetetraacetic acid) in 80 mL of dH2O. Made the final 

volume upto 100 mL. Autoclaved and stored at 4C.  

 

50X TAE      (1 liter) 

Trizma base   242 g 

EDTA    18.6 g 

Acetic acid (glacial)  57.1 mL 

dH2O    up to  1 Liter 

 

Dissolved 108 g of Trizma base and 55 g of Boric acid in 500 mL dH2O. Autoclaved and added 

the 40 mL 0.5M EDTA. Made the final volume upto 1 liter by adding more autoclaved and 

purified H2O. 

 

TE buffer 

1 mM EDTA 

10 mM Tris-HCl 

Autoclaved and stored at 4C. 

 

0.5M Tris-HCl  (pH 7.5) 1000 mL 

Trizma base   60.5 g 

d H2O    upto 1000 mL 

 



Dissolved 60.5 g of Trizma base in 800 mL of dH2O. Then adjusted the pH by adding the 

concentrated HCl drop by drop till the pH reached 7.5. Added more water to make a final 

volume of one liter. 

 

Loading dye  

20 mM EDTA 

30% Glycerol 

0.25% Bromophenol blue 

0.25% Xylene cyanol 

 

Potassium (K) buffer  

(i) M/15 Sodium phosphate: 

Dissolved 9.47 g of Na2HPO4 in one liter purified water. 

(ii) M/15 Monopotassium phosphate: 

 

Dissolved 9.07 g of KH2PO4 in one liter purified water. Mixed 50 mL of (i) and (ii) and checked 

its pH on pH meter.  

 

Phenol solution 

0.1M Tris-HCl (pH 7.5)   100.0 mL 

Chloroform     24.0 mL 

Isomyl alcohol     1.0 mL 

 

1% Agarose solution (100 mL) 

Agarose   1 g 

1X TAE   100 mL 

Ethedium bromide  10 L (5 mg/mL) 

 

Added 1 g of agarose to 100 mL of 1X TAE and boiled in microwave oven. Cooled to 50C and 

added to it 10 L (5 mg/mL) of ethedium bromide. 

 



10X PCR buffer (50 mL)  

Tris-HCl (100 mM)  5 mL 

KCl (500 mM)  25 mL 

MgCl2 (25 mM)  1.25mL 

dH2O    50 mL 
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Chapter-1 

INTRODUCTION 
 

Hepatitis C is a contagious liver disease caused by infection with the Hepatitis C virus 

(HCV). This disease may lead from a mild illness of a few weeks to the severe long lasting 

disease. HCV has become a major causative agent of liver disease worldwide and infects 3-4 

million people every year. According to WHO, approximately 150 million individuals in the 

world are living with HCV chronic infection and this virus is causing more than 350,000 

deaths every year (WHO, 2012). 

Till mid of the 1970, HCV was considered as a NANB (non-A non-B) virus (Alter et 

al., 1975; Prince et al., 1974) and its discovery as an RNA virus was made in 1989 (Choo et 

al., 1989). After that a lot of Hepatitis C infection cases have been diagnosed and it has now 

appeared as a globally growing public health concern. The highest rate of this disease is 

reported from Egypt, Pakistan and China (15%, 4.8% and 3.2%) (WHO, 2012).  

Liver cells (hepatocytes) are the natural targets of HCV, where it can replicate at a 

rate of 1012 virions per day (Okuda et al., 1999; Herrmann and Zeuzem, 2006). Hepatitis C 

progress variously in various individuals. In some individuals it progresses rapidly, while in 

others it takes 20-30 years to achieve severe liver problems like cirrhosis or carcinoma 

(Wright et al., 2001; Ashfaq et al., 2011). Spontaneous recovery in acute phase of infection is 

achieved only by 20-30% infected individuals and 70-80% progress to chronic phase (Te and 

Jensen, 2010). In the chronic phase of infection 10-20% people develop liver cirrhosis in 22-

30 years which may also lead to hepatocellular carcinoma (Ashfaq et al., 2011).   

HCV is an enveloped spherical virus with approximately 9600 nucleotides long 

positive single-stranded RNA genome and belongs to the Flaviviridae family (Kato et al., 

1990; Shimizu et al., 1996; Suzuki et al., 2007). Its genome encodes a large poly-protein that 

contains about 3010 amino acids. The poly-protein is divided into ten proteins which are 

further processed by the host’s cellular or viral proteases and converted into mature structural 

and non-structural (NS) proteins in the sequence of “Core-E1-E2-p7-NS2-NS3-NS4A-NS4B-

NS5A-NS5B” (Fig-1.1). The Core, E1, E2 and p7 proteins are considered as structural and 
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NS2, NS3, NS4A, NS4B, NS5A and NS5B as non-structural viral proteins (Enomoto and 

Maekawa, 2010).  

 

HCV genotypes, subtypes and quasispecies are based on three levels of HCV 

genomic variations. All six major genotypes of HCV (1-6) are based on the first level of 

genetic variation where the nucleotide sequence of HCV genome shows more than 30% 

variability. At the second level each major genotype is subdivided into its subtypes when it 

exhibits more than 20% variation in its nucleotide sequence. The third level of variation is 

used to divide the subtypes into quasispecies and is based on the sequence variation up to 

10% within the subtypes (White et al., 2000; Simmonds, 1995; Stuyver et al., 1996; Czepiel 

et al., 2008).  

In HCV genome the variability in the nucleotide sequence is not consistently 

distributed across the whole genome, some regions are highly variable and some are 

conserved. The untranslated regions like 5' UTR and 3' UTR are highly conserved while the 

coding regions for enveloped glycoprotiens are highly variable (Khorsi et al., 1998; 

Simmonds et al., 1993). 

Many researchers prefer to consider the 5' UTR region (highly conserved)  for viral 

detection in HCV infected patients. The degree of sequence variation in HCV provides the 

basis to classify the virus into its genotypes (1-6) and subtypes (1a, 1b, 2a, 2b……) (Ahmad 

et al., 2010; Safi et al., 2010; Simmonds et al., 2005). These genotypes and subtypes play a 
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key role to examine the geographical prevalences of HCV genotypes, their source of 

transmission and their relation to the particular risk groups (Trinks et al., 2012). 

The frequency of HCV genotypes and their subtypes varies region to region. In North 

and South America, Europe, Russia, China, Japan, Australia, New Zealand and India the 

contribution of HCV subtypes la, lb, 2a, 2c, and 3a is considered more than 90% (Maertens 

and Stuyver, 1997; Chowdhury et al., 2003). In Egypt, North Africa, Central Africa, and 

Middle East the most frequently reported HCV genotype is 4. Genotype 5 and 6 are 

commonly found in South Africa and South East Asia respectively (Abdulkarim et al., 1998; 

Chamberlain et al., 1997). In Pakistan the most prominent genotype is 3 especially its 

subtype 3a. Studies reported by different groups from Pakistan show that about 80% 

population of this country is infected with genotype 3 especially its subtype 3a (Batool and 

Qureshi, 2006; Idrees and Riazuddin, 2008; Moatter et al., 2002; Shah et al., 1997; Iqbal et 

al., 2007).  

As different HCV genotypes respond differently to antiviral therapies, the HCV 

genotypes are used as an important tool by the clinicians to predict the response of HCV 

infected patients to Interferon therapy and to decide the therapy duration and management. 

Patients infected with HCV genotype 2 and 3 show a better response to Interferon treatment 

as compared to those infected with genotype 1 and 4 (Manns et al., 2006; Batool and 

Qureshi, 2006; Lange and Sarrazin, 2010). So in the management of therapy for Hepatitis C 

patients the role of HCV genotyping is very important which has also been proposed by the 

European association of study of liver (EASL) in 1999 and by the national institute of health 

(NIH) in 2002 (NIH, 2002).  

Like other single stranded RNA viruses, proofreading deficiency of RNA-dependent 

RNA polymerase enzyme in Hepatitis C virus is the main cause of its genetic heterogeneity 

and rapid mutation in its genome during the replication. This rapid mutation leads to 

quasispecies accumulation within the HCV infected patient that helps the virus in its better 

adaptation against the adverse antiviral environmental conditions and to escape from the 

adaptive and humoral immune response of the host (Sloer et al., 2002; Ashfaq et al., 2011). 
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HCV is poorly diagnosed during its acute phase of infection (early six months) due to 

lack of specific symptoms. That’s why the treatment of acute Hepatitis is limited. It is also 

because of the spontaneous response in 20-30% of the patients in their acute phase in which 

HCV is cleared from the body without any treatment (Tsukuma et al., 1993). So many 

clinicians prefer to wait and see the patient’s spontaneous response. However, in many other 

studies better Interferon therapy response in the acute phase of HCV infection has also been 

reported (Gerlach et al., 2003; Jaeckel et al., 2001).  

Since the discovery of HCV about thirty years ago, the therapeutic options are 

limited. In the past, the treatment of Hepatitis C patients was restricted to the Interferon 

(IFN) mono-therapy with its different types (IFNα-2a, IFNα-2b and the consensus IFN) 

which had the same immune-modulatory and antiviral effects. With IFN mono-therapy only 

15% to 20% Hepatitis C patients could clear the virus from their body (Poynard et al., 1996). 

The addition of recently introduced nucleosidic analogue drug Ribavirin with IFNα has 

distinctly improved the response rate of Hepatitis C patients up to 70% (Zhou et al., 2008; 

Batool and Qureshi, 2006). 

Currently two standard treatment combinations are approved by FDA. First is the 

recombinant Interferon alpha (IFNα) with Ribavirin which is also known as conventional 

Interferon (C-INF) therapy and the other is pegylated Interferon alpha (pegIFNα) with 

Ribavirin (Sarasin-Filipowicz et al., 2008; Manns et al., 2001; Fried et al., 2002; 

Hadziyannis et al., 2004; Davis et al., 1989 & 2003). PegIFNα is a newly modified form of 

IFNα with the covalently attached polyethylene glycol protein chains and has a more half-life 

than conventional IFNα. Because of its long half-life the PegIFNα is administrated once a 

week as compared to conventional IFNα (that is given three times in a week). Two isoforms 

of PegIFNα are used for the treatment of Hepatitis C disease, first is the PegIFNα-2a and the 

second PegIFNα-2b which is injected subcutaneously once a week at a dose of 180μg/week 

and 1.5μg/Kg respectively (Khokhar et al., 2003; Castillo et al., 2010; Poynard et al., 1998). 

For the Hepatitis C patients infected with genotype 2 or 3, the first therapy 

combination (IFNα plus Ribavirin) is three subcutaneous injections in a dose of 3MU of 

IFNα thrice a week and 10mg/Kg/day  of Ribavirin (given orally according to the patient’s 
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body weight) for the duration of six months. For the individuals infected with HCV genotype 

1 or 4 the treatment is same but duration is extended to 48 weeks. With second combination 

therapy (pegIFNα plus Ribavirin) the treatment duration is also same but pegIFNα is given 

once a week instead of thrice while the Ribavirin dose is same (10mg/kg/day according to 

patient’s body weight) (Poynard et al., 1998; Yee et al., 2006). 

Although current studies and clinical trials have proven that the response of Hepatitis 

C patients to pegIFNα-2a or pegIFNα-2b is much better than conventional IFN (C-INF),  but 

the C-INF is still the  drug of choice to treat the Hepatitis C patients in the poor countries 

including Pakistan (Hadziyannis et al., 2002; Karayiannis, 2005). It may be because of 

financial reasons as its cost is lower than pegIFNα which is expensive and beyond the reach 

of poor patients. Secondly the frequent existence of HCV genotype 3 in Pakistan and other 

Asian countries that has good response to conventional Interferon therapy (Zuberi et al., 

2008; Karayiannis, 2005). In case of non responding or relaped to coventional Interferon 

therapy, alternate treatment options like pegIFNα plus Ribavirin or triple therapy 

combination with the addition of Boceprevir or Telaprevir (protease inhibitors) could also be 

tried (Asselah, 2012).       

Some patients, who showed response at the completion of therapy, relapsed within 

the six months of the therapy termination (Positive HCV RNA and elevated ALT level) 

(Davis et al., 1989; Iqbal et al., 2010). Many viral, immunological or host associated factors 

affect the efficacy of HCV infected patient’s response to Interferon therapy (de Careaga, 

2006). In Pakistan the patients infected with HCV genotype 2 and 3 exhibit 70-80% end of 

therapy response (ETR) to combination therapy (IFNα plus Ribavirin). On the other hand the 

patients infected with genotype 1and 4 show relatively low ETR (20-45%) to IFNα plus 

Ribavirin combination therapy (Iqbal et al., 2010; Idrees and Riazuddin, 2009). Similarly, the 

ETR of HCV genotype 2 and 3 infected patients from other parts of the world has been 

reported up to 72%, while the patients infected with genotype 1 and 4 show low ETR (13%) 

(Wolf et al., 2005; Zeuzem et al., 2005). 

Mechanism of HCV resistance to IFN therapy is not comprehensively known so far. 

It is hypothetical thinking that many factors that belong to the host and the virus are involved 
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in the HCV resistance against the IFN therapy. The mutations in different hyper-variable 

regions of  the HCV genome like PePHD from E2, PKRBD from NS5A, ISDR from NS5A 

and V3 from NS5A has been correlated with the response of Interferon therapy by many 

researchers (Enomoto and Maekawa, 2010; de Rueda et al., 2008) 

Many studies have been done to investigate, how HCV escapes from the host immune 

system and the antiviral therapy and how it damages hepatocytes and causes molecular 

oncogenesis. Ineffective response of HCV is believed to be responsible because of a quick 

mutation in the hyper-variable regions of the viral genome, which causes rapid changes in its 

enveloped proteins and enable the virus to neutralize antibodies (Manns et al., 2001; Fried et 

al., 2002).  

In response to host intracellular viral infection, Interferon is the most potent natural 

weapon. Interferon (IFN) belongs to family of cytokines that has antiviral, immune-

regulatory and anti-proliferative effects on target cells. IFN has three types I, II and III. In 

humans IFN type I has its two further types IFNα and IFNβ. The IFNα also has 13 subtypes 

and released as a part of innate immune responses against the pathogens (Borden et al., 

2007). IFNs not only inhibit viral replication but are useful in the treatment of many 

malignancies like renal-cell carcinoma, cutaneous melanoma or hairy cell leukemia (Borden 

et al., 2007). In antiviral response the role of IFNs is very important, where they activate a 

number of IFN-stimulated genes (ISGs) for their transcription and translation into proteins. 

These ISGs encoded proteins have a potential to interfere the various steps of viral 

replication like its RNA degradation and inhibition of its translation (Heim, 2000).  

Many ISGs proteins have been identified and out of those, protein kinase R (PKR), 

2'-5 oligo-adenylate synthetase (OAS) and Mx proteins are known as the best-characterized 

proteins. The PKR protein hampers the translation of both viral and cellular proteins with the 

phosphorylation of the alpha subunit of eukaryotic initiation factor-2 (eIF2α), the OAS 

protein activates RNases to cleave the viral and cellular RNA while the Mx protein obstructs 

the replication of negative stranded RNA viruses (Marschall et al., 2000).  

The particular mechanism of the IFNα effect (produced endogenously or recombinant 

IFNα administrated subcutaneously) in Hepatitis C patients is not clear. It is supposed that 
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HCV genomic proteins have the ability to evade the antiviral, immune-regulatory and anti-

proliferative effects of Interferon (Hadziyannis et al., 2004; Fried et al., 2002). HCV proteins 

interact with the antiviral effects of Interferons. NS5A and E2 proteins interacts the PKR 

activity against the viral and cellular translation that leads to the HCV-mediated IFNα 

resistance (Choi and James, 2006; de Lucas et al., 2005). The core protein interfere 

transcription of antiviral genes and decreases the potency of host immunity (Hadziyannis et 

al., 2004; Fried et al., 2002). NS3 and NS4A proteases inhibit the Interferon amplification 

loop and suppress the HCV replication. With the inhibition of viral protease activities the 

HCV resistance against IFN therapy could be minimized. So the use of protease inhibitors in 

the combination of IFN can remarkably enhance the response of HCV infected patients 

(Hadziyannis et al., 2004; Brown et al., 2005). 

The available literature on long term biochemical and virological outcome as well as 

benefits of Interferon plus Ribavirin combination therapy in Pakistan was scanty. The 

prevalence of different HCV genotypes and their changing epidemiology in Pakistani 

population was also not addressed before on a large scale. Additionally, most of the previous 

studies reported from Pakistan were focused either on ISDR region of NS5A protein or 

PePHD of E2 protein of HCV to examine the influence of genetic variations in these regions 

on antiviral therapy response. The sample size of all the previous studies was very small and 

no comparison was made between initial and last samples of non responders or between 

initial samples of responders and non responders.   

In the light of this background, the study was planned with the following aims and 

objectives. 

 

Objectives of the study 

 

The present project was proposed with the following aims and objectives: 

 

1. To establish a simple, rapid and reliable genotyping system to evaluate the prevalence 

of common HCV genotypes in Pakistani population. 
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2. To determine the sustained biochemical and virological response to Interferon plus 

Ribavirin combination therapy in HCV infected patients with different genotypes. 

 
3. To see the mutation pattern in Interferon resistant HCV genotype 3a cases. 

 

To investigate the prevalence of different HCV genotypes and their epidemiological 

changes in Pakistani population a reliable and economical multiplex PCR assay for HCV 

genotyping detection is essentially to be optimized. In addition, the genetic variations in 

HCV genotype 3a must also be looked into, to see the influence of these variations on the 

response of Interferon therapy. Epidemiological studies may also help in effective therapeutic 

management and future planning to eliminate the virus from our population.  
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Chapter-2 

REVIEW OF LITERATURE  

 

2.1 Hepatitis 

The word “Hepatitis” is a combination of two ancient Greek words; Hepar (root word 

“hepat”) that stands for liver and suffix “itis” means inflammation. So the word "Hepatitis" 

means disorder of the liver with inflammation of its cells (hepatocytes) (WHO, 2012; 

Anonymous, 2012). The disease Hepatitis varies in its severity from mild to lifelong 

conditions. Hepatitis may be because of autoimmune disorder, toxins, certain drugs, 

chemicals, heavy alcohol use, and bacterial infection and is known as non viral Hepatitis. 

Hepatitis can also be caused by some viruses which affects the liver and cause viral Hepatitis.  

 

2.1.1 Non-Viral Hepatitis 

2.1.1.1 Alcoholic Hepatitis 

The liver of alcohol drinkers could be affected 10-35% to cause an alcoholic Hepatitis. 

During the metabolism of alcohol in the liver, it is degraded into a variety of chemicals and 

some of those chemicals are very toxic for the liver. Heavy drinking for a long period can 

damage the liver badly that may progress to liver cirrhosis and carcinoma. The genetic 

factors also play a role in the rapid progression of alcoholic Hepatitis with heavy drinking. In 

this form of Hepatitis, females who use alcohol has more chances to develop alcoholic 

Hepatitis and cirrhosis than males (Lucey et al., 2009). 

2.1.1.2 Nonalcoholic fatty liver disease (NAFLD) 

NAFLD is also a type of non-viral liver diseases which ranged from benign or non 

progressive condition (steatosis) to nonalcoholic steato Hepatitis (NASH) (Fracanzani et al., 

2008). It is also defined as an early expression of the metabolic syndrome (Tarantino et al., 

2007). It may also be due to the severe obesity or diabetes. Generally the NAFLD is benign 

and progress slowly that takes 3-6 years to show the histopathological changes in 32-37% 
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cases and approximately 12% cases may progress to liver cirrhosis over 8-10 years (Harrison 

et al., 2009). 

2.1.1.3 Autoimmune Hepatitis  

   In this form of Hepatitis liver cells are damaged by the self immune system of the 

body and this disorder is known as autoimmune Hepatitis. The basic reasons of this form of 

Hepatitis are unclear. Many drugs, toxins and some diseases can activate autoimmune 

Hepatitis in people at risk, especially women. If the disease remains untreated, it could lead 

to liver cirrhosis and may be a cause of liver failure. On its early diagnosis, autoimmune 

Hepatitis can be controlled with the immune suppressing drugs (Czaja and Manns, 2010; 

Mieli-Vergani and Vergani, 2011). 

2.1.1.4 Drugs and toxins induced Hepatitis 

Many drugs like Methyldopa, Phenytoin, Isoniazid, Valproic acid, and the 

Sulfonamide or their metabolites can cause liver disease and termed as drug-induced 

Hepatitis. Its symptoms may be similar to acute viral Hepatitis. The symptoms disappear in 

many cases with the termination of these drugs uses after completing the treatment. In some 

cases the disease may progress to severe liver disorder. Some types of toxins derived from 

plant or chemical can also be a cause of non-viral Hepatitis, like toxins present in poisonous 

mushrooms or industrial chemicals e.g. vinyl chloride (Friedman et al., 2003; Blumenthal et 

al., 2006; Lynch and Price, 2007). 

2.1.2 Viral Hepatitis 

All the viruses which exploit the liver as the main target for their replication and cause 

liver disorders (Hepatitis) are described as Hepatitis viruses. Their replication may cause 

massive devastation of liver cells and halt many key functions of the liver including basic 

function like the exclusion of bilirubin from the blood. In blood the replacement of new cells 

occurs when old cells are degraded. On their degradation these cells release bilirubin in the 

blood. Unnecessary accumulation of the bilirubin in the blood stream is a cause of jaundice 

in which different body sites like eyes and hand palms show yellow color. The excretion of 

bilirubin through urine and stool makes their color darker.  
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 The other indicator of liver cell damage is the release of different liver enzymes like 

Alanine transaminase (ALT) and Aspartate transaminase (AST). The increase in the level of 

these enzymes in the blood is used as an important biochemical marker to measure the 

Hepatitis progression (Zuckerman and Thomas, 1993).  

The first two viruses that were primary reported by Krugman and Giles in 1970 and 

Blumberg et al. (1965) as Hepatitis viruses were HAV and HBV. Now the range has reached 

to Hepatitis G virus which has also been mentioned by Simonds (1995) and Linnen et al 

(1996). The nomenclature of Hepatitis viruses is abbreviated as HAV, HBV, HCV, HDV, 

HEV and HGV for the Hepatitis virus A, B, C, D, E and G respectively. The Hepatitis 

viruses can be categorized in two groups; enteric Hepatitis viruses and the parenterally 

transmitted or blood Hepatitis viruses. HAV, HEV, and HFV are grouped as enteric viruses. 

The primary route of transmission of enteric viruses is fecal-oral which is commonly resulted 

from contaminated water or food items. HBV, HCV, HDV, and HGV are grouped as 

parenterally transmitted viruses on the bases of their transmission. These parenterally 

transmitted viruses are mainly transmitted by blood transfusion, intercourse or by using the 

contaminated surgical instruments and syringes (Grabow et al., (1975). 

2.1.2.1 Hepatitis A 

Hepatitis A is an infectious or epidemic liver disease caused by HAV. This virus was 

first diagnosed in 1970 by Krugman and Giles and was also reported by Feinstone and Co as 

a 27-nm particle in 1975 (Feinstone et al., 1975). HAV is a positive-stranded RNA virus 

which lacks a lipid envelope. Hepatitis A infection is a limited disease that remains in the 

acute phase and could not develop a chronic phase of infection or chronic liver disease. The 

vaccine against Hepatitis A virus has been developed by which this disease can be prevented. 

HAV vaccination is highly suggested for all children at an early stage, international travelers, 

and for those who remains at risk of HAV infection in the medical professions (Krugman and 

Giles, 1970; Feinstone et al., 1975). 

2.1.2.2  Hepatitis B 

 The Hepatitis B infection is known as one of the serious Hepatitis diseases that is 

caused by Hepatitis B virus (HBV) which was first described in 1965 (Blumberg et al., 
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1965). HBV infection starts with acute illness and can progress to chronic phase of infection. 

Chronic phase can cause liver cirrhosis and even liver carcinoma. Vaccination against HBV 

is available and is saving the population from this disease. HBV vaccination is useful for all 

infants and others at risk for HBV infection (Blumberg et al., 1965). 

2.1.2.3 Hepatitis C 

 Another major type of viral Hepatitis is Hepatitis C which is caused by Hepatitis C 

virus (HCV). In this infection most of the cases are changed to chronic phase very soon after 

the acute infection.  In most of the chronically infected persons the disease remains in silent 

form for many years without any symptom. Like Hepatitis B infection Hepatitis C is also 

transmitted from an infected person to others by blood or blood products. In contrast of HBV 

there is no vaccine till now for Hepatitis C virus (Choo et al., 1989). 

2.1.2.4 Hepatitis D 

 In viral Hepatitis, Hepatitis D is the only type which could not occur separately but 

occurs in HBV infected persons. The Hepatitis D virus (HDV) can survive only in those 

people which are already infected with Hepatitis B virus, because it needs HBV for its 

replication. The source of HDV transmission is mucosal or percutaneous (puncture through 

the skin) contact of infected blood (Rizzetto et al., 1977). 

2.1.2.5 Hepatitis E 

    Hepatitis E is also a limited viral disease which remains in the acute phase and is 

caused by the Hepatitis E virus. First the HEV was described by Balayan and coworkers in 

1983. Like HAV, the HEV the Hepatitis E virus is also mainly transmitted by the fecal-oral 

routes.   Generally it is transmitted with the use of contaminated water and food (Balayan et 

al., 1983).  

2.1.2.6 Hepatitis G 
 
It is caused by Hepatitis G virus (HGV) which is also known as GB virus C (GBV-

C). HGV was first identified in 1995 (Simons et al., 1995; Yoshiba et al., 1995). This virus is 

a member of the Pegivirus genus and belongs to the Flaviviridae family (Stapleton et al., 

2011). The HIV patients co-infected with GBV-C can survive longer than those without 

GBV-C (Mosam et al., 2007; Jung et al., 2007). 
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2.2 Hepatitis C  

2.2.1 History 

   In the transfusion medicine department of NIH, Alter and his research team was 

working on a new infectious disease (Alter et al., 1975). They noticed that in most of the 

blood born Hepatitis cases no HAV or HBV was investigated and those cases were because 

of another unknown virus. With that discovery, many researchers from different parts of the 

world started to investigate that mysterious virus which was primarily named as non-A non-

B Hepatitis (NANBH) virus (Boyer, 2001). This NANB virus(s) had also been mentioned in 

the early 1970s by Prince et al. (1974) and Feinstone et al. (1975), but all the researchers 

remained unsuccessful for the next decade to find the specific type of that mysterious virus.  

    In 1987, Michael Houghton with his coworkers used a new molecular cloning 

approach to diagnose the strange organism that cause Hepatitis. After one year in 1988, Alter 

confirmed its presence in NANBH blood samples of the patients who had a viral infection 

symptoms. The ambiguity was resolved by Choo and colleagues in 1989 when two articles 

published in the journal “Science” in which first time this mysterious virus was properly 

named as Hepatitis C virus (HCV) (Choo et al., 1989). They isolated and cloned the viral 

RNA genome from the Chimpanzee blood samples infected with that virus and nominated it 

as Hepatitis C virus (HCV). Kuo et al (1989) established a new enzyme-linked immune-

sorbent assay (ELISA) on antibodies produced in HCV infected patients in response of HCV 

(known as anti-HCV) which were also diagnosed and reported in the early nineties from 

different parts of the world (Alter et al., 1989; Esteban et al., 1989 and van der Poel et al., 

1990).  

In this way it was established that HCV was the cause of the majority of NANB viral 

Hepatitis cases. So, anti-HCV detection started on a large scale for the diagnoses and 

screening of blood samples to exclude the blood units contaminated with HCV before 

transfusion. In 1991 the complete sequence of nucleotide in HCV genome was identified in 

three different isolates (Kato et al., 1990; Choo et al., 1991; Takamizawa et al., 1991) and 

was compared with another isolate of an asymptomatic human carrier from Japan (Okamoto 

et al., 1991). 
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2.2.2 Acute phase of Hepatitis C infection 

In Hepatitis C approximately 80% cases develop chronic phase of HCV infection and 

remaining 20% clear the virus from their body within the first six months of infection that is 

known as acute phase (Nelson et al., 2011). Most of the patients in acute phase show no 

specific symptom and that asymptomatic form of the acute phase of HCV infection could not 

be diagnosed and the infection remains in the silent form. It also causes difficulties to study 

the mode of immune response by which infected persons clear their virus from the body 

during that acute phase. The main sources of HCV infection are reported through intravenous 

drug use by drug abusers, insecure sex, contact to medical instruments during medical 

procedures, vertical transmission (from mother to child), and  needle pricks in health care 

professionals. HCV transmission through blood or blood products transfusion before1991 

was also a major cause of the increase in this disease (CDC, 2007). 

In acute phase the early detection of HCV infection can be done by HCV RNA 

polymerase chain reaction (PCR) which can detect the HCV virus in the blood of the infected 

person approximately 1-3 weeks after the exposure to HCV. The other tool of estimation is 

elevation in an enzyme alanine aminotransferase (ALT) levels which can be measured after 

4-12 weeks of infection.  In acute phase the clearance of the virus from the patient’s body can 

be influenced by many hosts and viral factors. Host factors like race, age, gender and viral 

factors like its genotype, co-infection with HIV may affect the viral clearance (Lehmann et 

al., 2004). In contrast the stronger cellular immune response helps the patient in viral 

clearance from their body (Gruner et al., 2000; Thimme et al., 2001). 

2.2.3 Chronic phase of Hepatitis C infection 

This phase of infection which progressed from acute phase can persist in the infected 

persons for many years without damaging the liver and causing any mortality for a long 

period. Although, this disease progress slowly, but it has a chance to cause liver cirrhosis or 

even liver carcinomas. In chronic phase host factors as mentioned in the acute phase and 

others like obesity, hypertension, insulin resistance, alcohol use, and the super infection of  

HIV and HBV can increase the progression of disease (Soto et al., 1997; Pontisso et al., 

1998; Corrao and Arico, 1998).  
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2.2.4 HCV structure and its genome organization 

HCV is categorized in Hepacivirus genus and Flaviviridae family. It is about 55-65 

nm in size covered with enveloped glycoprotiens. Its genome is a positive single stranded 

RNA (+ssRNA) that contains about 9.6 Kb nucleotide sequence (Kaito et al., 1994; Shimizu 

et al., 1996).  

Because of unavailability of any specific cell culture system for HCV, even Electron 

microscopy could not analysis the true picture of Hepatitis C virus.  However, in 1997 

Sugiyama and his colleagues developed a cell culture system where the Hepatitis C virus can 

replicate. They used human T cell leukemia virus type-I infected cell line MT-2 and found 

that after the ten days of inoculation of HCV, the hyper-variable region 1 (HVR1) of the 

original inoculums became homogeneous in MT-2 cells and on the twelfth day of 

inoculation, cDNA clone of whole HCV genome produced by nested RT-PCR of RNA from 

HCV infected cloned MT-2C supported the viral replication. In this way they were able to 

isolate 41 different HCV cDNA clones from a cDNA library derived from the original 

inoculums and representing almost the whole HCV genome (Sugiyama et al., 1997).  

When they compared the sequences of the HCV clones obtained from both sources 

using molecular evolutionary comparative analysis they examined that the HCV populations 

was identical in more than half of the compared regions. In this way they found that a limited 

population of HCV was able to replicate in MT-2C cells. Further they isolated the cDNA 

clones containing a 3' X-tail sequence and recommended that the sequence was highly 

conserved which may have its role in HCV replication. Finally from their findings of the 

study they concluded that the sequences of HCV cDNA clones acquired from HCV infected 

MT-2C cells containing the 3' X-tail was a candidate for an infectious HCV molecular clone. 

Recently some researchers also used the JFH-1 cell culture system and has promoted for 

further characterization of the virus (Wakita et al., 2005) but still more studies are needed to 

work on this virus cell culture.  

By examining and comparing the HCV with other viruses of the Flaviviridae family 

in which it is also characterized, it was supposed that HCV has an icosahedral structure. It 

contains two structural glycoproteins i.e. enveloped-1 or E1 and enveloped-2 or E2 which are 
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embedded into a bilayered lipid envelope that’s derived from the host cells. Its RNA genome 

is covered by core protein’s nucleocapsid (Ishida et al., 2001). The fullest and cut-a-way 

view of the HCV three dimensional structures was presented in 2001 by Loui Hederson 

working at Fedric cancer research centre and published in physician research network 

notebook. It shows the model structure of human Hepatitis C viral surface envelope lipids, 

glycoprotiens and RNA genome encased by capsid proteins (Hederson, 2001).   

The genome of Hepatitis C virus has a single open reading frame that has 5' and 3' 

untranslated (UTR) flanking regions. These regions are very important for the replication of 

the virus. The highly conserved 5' UTR is 341 nucleotides long and contains the internal 

ribosome entry site consisting of four major RNA domains with extensive secondary 

structure. The entire 5' UTR is supposed to be essential for IRES activity and HCV 

translation (Jubin et al., 2000; Lukavsky et al., 2000). The 3' UTR is potentially important in 

initiating viral replication. It consists of a poly (U) /polypyrimidine tract, a variable 40 

nucleotide sequence, and a highly conserved 98 nucleotide sequence with stable secondary 

structure (Tanaka et al., 1996; Kolykhalov et al., 1996). 

Choo and colleagues were working on a new unknown virus which was causing 

Hepatitis but was not from Hepatitis A or B virus which was reported before. For that they 

cloned a complimentary DNA which was isolated from the plasma of NANBH infected 

patients and constructed a random-primed complementary DNA library that encoded an 

antigen that was highly related to NANBH virus. That clone was derived from RNA 

molecule of NANBH virus not from the infected host DNA and contains about 10,000 

nucleotides. That cloned RNA was identified as positive stranded. From their findings they 

concluded that clone has a similarity with togaviridae or flaviviridae family. These days such 

molecular approaches are commonly used to isolate and characterized the newly unidentified 

infectious agents. 

In 1991 first the complete sequence of HCV genome was determined by Okamoto 

and coworkers in a virus isolated from the plasma of a Japanese HCV carrier (Okamoto et 

al., 1991). The complementary DNA (cDNA) of that HCV isolates had 9.4 Kb nucleotides 

sequence with a 3'T tail of 30-108 nucleotides at the end. The sequence codes a single large 
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open reading frame for a polyprotein of 3033 amino acids. They also found that sequence of 

that isolate was 31.8-32.1% different from American isolate and 27.4-27.7% of Japanese 

isolates reported before. All of those isolates had >93% homology. They found the 3' 

untranslated region (3'UTR) stretched from 39-45 nucleotide (excluding T tail) more variable 

as compared to 5'UTR of 329-341 nucleotides. The conserved region at 5' end  was thought 

to be very useful to select the primers for HCV RNA detection with PCR. They also 

mentioned that because of the homology in amino acid sequence of core protein (>90%) 

could be suitable for the serological diagnosis of HCV infection. They also suggested that 

variable regions of HCV should be used as an immune-prophylaxis of HCV infection 

(Okamoto et al., 1991) 

 Like Togaviridae, Flaviviridae or Pestiviruses family, the HCV genome contains a 5' 

untranslated region (5' UTR), single long open reading frame that codes a about a 3000 

amino acids polyprotein, and a 3' untranslated region (3' UTR). The 5' UTR plays a role as 

ribosomal entry site (IRES) that is important for the cap less translation of the HCV genome. 

After the translation, polyprotein precursor is processed by different protease enzymes 

present in the host cell or produce by the virus and converted into the mature structural and 

non-structural viral proteins (Agnello, 1997).  

2.3 HCV genotypes 

The Hepatitis C virus genome sequence was identified in the serum of non-A non-B 

Hepatitis (NANBH) infected chimpanzee using a new molecular method cloning by Choo et 

al. (1991). The cDNA clones were created from the RNA of NANBH infected chimpanzee 

that was homology to HCV genome. That approach of molecular technique utilization was a 

great step and opened the new ways for the identification of different strains of HCV and 

their categorization into six major genotypes that based on their nucleic acid sequence only.  

First the classification of HCV genotypes was reported by Simmonds et al. (1993). 

They classified HCV on the bases NS-5 region’s phylogenetic analysis into six major 

genotypes (1 to 6) and a number of subtypes (1a, 1b, 1c, 2a, 2b… ..). According to them 

although the isolates of Hepatitis C virus show 68-79% overall sequence similarity to each 

other yet the significant nucleotide sequence variability was also present throughout the viral 
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genome. When they analysis the phylogenetic of nucleotide sequences of NS-5 non coding 

portion of HCV genome that was done on 76 blood samples of HCV infected patients (which 

were reported from different parts of the world) they found this region very suitable for the 

differentiation of six major genotypes of HCV. They found that most of those HCV major 

genotypes also had a number of subtypes.  

According to Simmonds et al. (1994), HCV genotyping is based on approximately 

65% genomic identity in HCV strains or in other words ~35% variation in their genome 

sequence. Each genotype can further be divided into its subtypes which based upon the ~20% 

nucleotide sequence variation within that major genotype genome (Simmonds et al., 1994).  

2.3.1 Geographic distribution of the HCV genotypes 

The distribution and prevalence of different HCV genotypes vary region to region 

worldwide. HCV genotype-1 is mostly reported from the Europe and North America and 

genotype 4 is the most common genotype in North Africa and Egypt, while the most 

common prevalence of genotypes 5 and 6 has been reported from South Africa and Hong 

Kong. The prevalence of genotype 2 and 3 has also been reported from North America, 

Europe and Japan, but lesser than genotype 1 (Smith and Simmonds, 1997). The most 

common HCV genotype in Egypt, North Africa, Central Africa and Middle East is genotype 

4. Type 5 has been described in South Africa while the genotype 6 isolates was primarily 

found in South East Asia (Abdulkarim et al., 1998; Chamberlain et al., 1997).  

The presence of various HCV genotypes has also been reported from different areas 

of Pakistan and the genotype 3 especially its subtype 3a was found the highly prevalent type 

in this country. Studies by different groups in Pakistan show that over 80% of the HCV 

infected population have genotype 3a (Batool and Qureshi, 2006; Idrees and Riazuddin, 

2008; Moatter et al., 2002; Shah et al., 1997). Our previous study also agrees with these 

reports in which the prevalence of major HCV genotype 3 was 73.85%, including subtype 3a, 

47.94% followed by subtype 3b, 25.91% (Iqbal et al., 2007). 

A high number of subtypes are evident from Africa and South East Asia, suggesting 

that this region may be the original source of HCV as fewer subtypes are evident in Europe 
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and North America (Smith and Simmonds, 1997). Currently, genotyping of the virus in an 

infected individual is accomplished by DNA hybridization, restriction length fragment 

polymorphism, direct nucleotide sequencing using polymerase chain reaction, and serologic 

genotyping.  

2.3.2 HCV genotypes reported from different areas of the world 

Different genotypes reported from different areas of the world were based upon the 

variation in different regions of the HCV genome. Chaudhuri et al. (2005) examined the 

molecular epidemiology of HCV infection in Indian patients. The diagnosis was based on 

ELISA and positive cases were subjected to RT-PCR for HCV RNA. It was revealed that 

PCR was positive in the overwhelming majority (75% in acute and 86% in chronic) Hepatitis 

cases. The predominant genotype was 3b (acute cases 42.3% & chronic cases 47.7%) 

followed by 3a (acute cases 28.9% & chronic cases 34.7%). Sequence analysis of the 

untypeable isolates revealed the presence of a rare subtype 6b, which is commonly found in 

Thailand and reveals its spread to other parts of Asia. It necessitates further intensive 

surveillance of HCV infection in India to unravel the distribution of genotypes in the country 

and to correlate the disease severity and treatment outcome to the genotype prevalence. 

To see the prevalence of different HCV genotypes in central Argentina a study was 

arranged by Re V et al. (2007). For that nucleotide sequencing of core region was performed 

on blood samples of 36 patients belonged to Cordoba, the second most populated province of 

Argentina. The most prominent subtypes they found by sequence analysis were 2c and 1b 

which were 50% and 33% respectively. In their study the prevalence of subtypes 1a, 3a and 

4a was 11%, 3% and 3% respectively. The presence of subtype 2c was first time reported by 

them in their study region of Argentina. 

In another study from the Canadian province of Quebec NS5B region of HCV was 

used for the analysis of its genotypes by Murphy et al. (2007). They analyzed the nucleotide 

sequence of 8479 HCV infected patient samples who were HCV RNA positive. They could 

identify the HCV genotypes in 97.3% patients. Genotypes 1, 2, 3, 4, 5, and 6 were found in 

59.4%, 9.0%, 25.7%, 3.6%, 0.6%, and 1.8% respectively. Two HCV RNA positive remains 

unclassified. They also analyzed the subtypes of different genotypes. Subtypes of genotype-1 
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were 76.7% for subtype 1a, 22.6% for 1b, and 0.7% for others, while the subtypes of 

genotype-2 were 31.8% for 2a, 47.6% for 2b, 10.9% for 2c, 4.1% for 2i, and 5.6% for others. 

Subtype 3a of HCV genotype-3 was 99.1%and in genotype-5 all the subtypes were of 5a. 

The subtypes in genotype-4 were 39.2% for 4a, 15.4% for 4k, 11.6% for 4d, 10.2% for 4r, 

and 23.6% for others. The subtype’s distribution for genotype-6 was 40.4% for 6e, 20.5% for 

6a, and 39.1% for others. All those isolates that could not classify with their assay were also 

sequenced for C/E1 and 5'UTR regions. The phylogenetic reconstructions of C/E1 were 

analogous to those of NS5B. Their findings revealed that HCV genotyping on the NS5B 

region was proficient by which the accurate identification of HCV subtypes can be done and 

was a valuable for the assessment of the epidemiology of HCV on molecular bases. 

In Belgium Micalessi with his colleagues determined the current prevalence of HCV 

genotypes. For the detection of HCV RNA and its genotypes they selected 147 anti-HCV 

positive serum samples at treatment centers in Belgium. Out of 147 serum samples, HCV 

RNA was detected in 98 (67 %). HCV genotype 3 was the most common (49%) proceeded 

by genotype 1, 4, and 2 (38 %, 9 % and 2 % respectively). Subtypes were also determined in 

80 cases and it was observed that subtype 3a was the most common (49%) followed by 

subtype 1a and 1b (16% and 15%). One mixed infection was also detected (Micalessi et al., 

2008). 

When the HCV infection and distribution of its genotypes among drug users who 

inject heroin was determined by Peng et al. (2008) in Wuhan a largest city of China; it was 

found that 878 (84%) anti-HCV positive samples from drug When HCV infection and 

distribution of its genotypes among drug users who inject heroin was determined by Peng et 

al. (2008) in Wuhan (the populated city of China); it was found that 84 % of 1046 samples 

from drug users via injection were anti-HCV positive.  It was seen that HCV viral load in 

males was notably higher (P=0. 013) than females. 122 samples positive for HCV antibody 

were selected randomly, 78 (64 %) had measurable HCV RNA with subtype 6a as it was the  

most common strain (50 %) among all and was proceeded by 3b (32.2 %), 1a (8.1 %), 1b 

(6.5 %) and 3a (3.2 %) respectively. Samples for HCV 6a and 1a/1b had no visible 

distinction in the viral load, HCV 3b positive samples had a lesser level of HCV RNA than 

samples for 6a or 1a/1b (P=0.0019, P=0.012). Thus it was concluded that in Wuhan, HCV 
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infection with genotype 6a and 3b was more common and were thought to be the 

predominant strains amongst the injection heroin users.    

2.3.3 Prevalence of HCV genotypes in Pakistan 

Many studies have been done in different areas of Pakistan to evaluate the prevalence 

of different HCV genotypes in this country and the genotype 3 especially its subtype 3a was 

found highly prevalent type in Pakistan as discussed earlier (2.3.1). Many studies reported by 

different groups in Pakistan reveal that more 60-80% of the HCV infected population have 

genotype 3 (Batool and Qureshi, 2006; Idrees and Riazuddin, 2008; Moatter et al., 2002; 

Shah et al., 1997).  

 One study reported first time from Balochistan the area wise largest province of 

Pakistan, subtype 3a was found the most prominent type (Afridi et al., 2008). They collected 

40 anti-HCV positive samples from the patients of seven different parts of Balochistan. Out 

of 40 samples 28 were HCV RNA positive by PCR. Three different subtypes 3a, 3b and 1a 

were identified in 28 HCV RNA positive samples. The most prominent subtype in their study 

was found 3a (50%) proceeded by subtype 3b and 1a respectively. Nine samples remained 

unclassified. So the need for further study in that region of Pakistan is needed to see the exact 

situation regarding HCV genotypes existence as no such study had been done before in that 

province. 

A study done on a large scale in Pakistan that covers almost all areas of the Pakistan 

was reported by Idrees and Riazuddin in 2008. They analyzed 3351 samples on type-specific 

genotyping system, which were already HCV RNA positive where the number of males and 

females was 2039 and 1312 respectively. The patients, from those samples were collected for 

genotyping analysis, 2165 belonged to province Punjab, 823 to KPK, 239 to Sindh, and 124 

to Balochistan provinces of Pakistan. In their findings they could classify HCV isolates into a 

specific genotype in a total of 3150 (94%) out of 3351. The presentation of subtypes 3a, 3b, 

1a, 2a, 1b, genotype 4, 3c, 2b, 5a, 1c, 6a, 2c was 49.05%, 17.66%, 8.35%, 7.52%, 3.01%, 

1.49%, 0.75%, 0.80%, 0.18%, 0.15%, 0.12%, and 0.09% respectively.  Mixed subtypes were 

found 4.80% and 5.99% remained unclassified. According to them most common HCV 
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subtype in Pakistan was found 3a and the regional difference in genotypes was observed only 

in Balochistan.  

A study done in Faisalabad the industrial city of Province Punjab, the HCV subtype 

3a was also found the prominent type of that area (Husain et al., 2009). For that they 

included a total of 93 patients from Faisalabad who were HCV RNA positive and tested for 

genotyping. Out of the 93 tested serum samples 84 were typeable and 9 remained untypeable. 

In the typeable samples most prevalent genotype was found type 3a. In another study also 

reported from Lahore another populated city of province of Pakistan genotype 3a was also 

most prominent type in their investigation (Ahmad et al., 2010). In their study they included 

1364 patients and found that the HCV subtype 3a most prominent type (55.9%), followed by 

1a, 4a, 3b, and 4a (23.6%, 12.5%, 3.2%, 1.2%). In their study 2.5% cases remained 

untypeable and in 1.2% cases more than one genotype was investigated.  

A study was arranged by Inamullah et al. (2011) which determine the prevalence of 

various HCV genotypes. Almost 185 HCV infected series have been genotyped using 

molecular assay. Most dominant genotype was found 3a (34.1%), followed by 2a (8.1%), 3b 

(7%) and 1a (5.4%). The untypeable genotypes identified through this method were 37.8% 

while patients with infections caused by mixed genotypes were 7.6%. Greater than 80% of 

the untypeable cases were from the HCV patients who had undergone Interferon plus 

Ribavirin standard therapy previous and they either did not respond to the therapy or were 

presently under treatment or the disease had relapsed. In the patients being treated, a high 

prevalence rate of untypeable genotypes was observed which needs to be investigated for 

successful genotyping through development of new techniques and employment of viral 

sequencing methods. Thus, the study concluded that genotype 3a was the most dominant 

HCV genotype in Swat.  

2.3.4 Correlation of different genotypes with liver disease progression 

Although in the previous reports the role of HCV genotypes is not correlated with the 

disease progression, yet in the non-alcoholic steato Hepatitis cases genotype 3a is mostly 

correlated with a steatosis (Silini et al., 1995; Mihm et al., 1997).  
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Recently HCV genotype association with steatosis and histopathological severity of 

liver disease has been investigated by some researchers (Hissar et al., 2006). They examined 

the 398 HCV chronic patients and confirmed their viral presence by HCV and assess their 

genotypes by genotyping. Out of those 398 patients 292 (73.4%) had a liver biopsy. The 

disease severity was measured on the basis of histological grading and the fibrotic stages of 

the liver.  

The patients were categories as with mild liver disease if they had histological activity 

index equal to or less than 5 and/or fibrotic stage less than or equal to 2 and as severe liver 

disease if they showed ≥6 and fibrosis ≥3. They could grade steatosis level in a total of 106 

HCV patients. The patients who had no statues were reported as 0, with <33% of hepatocytic 

effect as 1, with 33%-66% of hepatocytic effect as 2 and with more than 66% hepatocytic 

effect as 3. In 80.2% of the patients HCV genotype 3 was present including subtype 3a 

24.4%, 3b 3.3%, 3c 0.5% and mixed subtypes 3a and 3b (36.7%), and untypeable 15.3%. In 

13.1% cases genotype1 was seen including its subtypes as 1a 3%, 1b 5.5%, mixed subtypes 

1a/1b 0.3%, and untypeable 4.3%, genotype 2 was detected in 2.5% with their mix genotypes 

in 1.3% of patients. HCV genotype 4 was seen in 3% of the patients with their subtypes as 4a 

(1.5%), 4b (0.3%) and mixed subtypes 4a and 4c (0.5%), while untypeable regarding this 

type were 4:0.8%.  

In genotype-1 cases they found that the median histological activity index level was 5 

and the fibrotic score 2, in genotype-2 were 4 and 2. In genotype-3, 4 and mixed genotypes 

the histological activity index level and the fibrotic score was measured 5, 2; 7, 3 and 5, 2 

respectively. In the patients infected with genotype-1, 2, 3, 4 and mixed genotypes the liver 

severity was found in 45%, 33%, 54%, 70% and 25% patients respectively. The patients 

infected with HCV genotype 3, 1 and 4 the steatosis grade was found ≥2 in 28.1%, 23.5%, 

20% respectively and none of genotype 2 and mixed genotypes infected patient had ≥2 

steatosis grade. According to their study data the patients infected with genotype 3 has close 

relation with hepatic steatosis and fibrosis. 

It has also been reported that the core protein of HCV genotype 3a had a more 

effective role than other genotype’s core protein to activate the promoter of FAS (Jackel-
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Cram et al., 2007). As reported before they were also convinced by the fact that HCV 

genotype 3a was linked to steatosis development in HCV patients. For that they examined the 

influence of the core protein of HCV subtype 3a on the promoter activity of FAS that is 

known an important enzyme played its role in the synthesis of de novo lipid.  

They successfully cloned and expressed the HCV genotype 3a and 1b core genes. 

With the help of FAS promoter-luciferase reporter, they confirmed that the core proteins of 

HCV subtypes 3a and 1b up-regulate the FAS promoter. They also investigated that the core 

protein of HCV subtype 3a activates the FAS promoter more efficiently as compared to HCV 

genotype 1b core. They examined that the up regulation of FAS with the core protein was 

highly dependent on another protein (transcription factor sterol response element binding 

protein-1). They found that genetic variation plays its role differently to influence the activity 

of core proteins of different HCV genotypes during the FAS promoter up regulation.  

 

2.3.5 Clinical importance of HCV genotypes 

It is now firmly believed that the HCV genotypes are clinically important in the 

Hepatitis C infection to assess the efficacy of response to antiviral therapies especially to 

combination therapy of Interferon. It also helps to decide the therapy duration, as genotype 1 

and 4 are not so friendly to IFN therapy as compared to other HCV genotypes i.e. genotype 

2, 3, 5 and 6 (Simmonds et al., 2005). The standard duration of Interferon combination 

therapy for genotype 1 and 4 is 12 months, while the therapy completion time of other 

genotypes is limited to six months (Yu and Chuang, 2009). 

The HCV genotyping role in clinical use has also become very crucial. As mentioned 

above (2.2.2), in the acute phase of infection the rate of progression of the disease to chronic 

phase was linked with genotype. Most of the Hepatitis C cases with genotype 1 progresses 

from acute to chronic phase as compare to those which have genotypes other than 1. The 

response of HCV patients to Interferon therapy is highly associated with viral genotypes. 

Although the treatment duration of the patients infected with genotype 1 or 4 is longer (12 

months) than those infected with genotypes other than 1 or 4, yet the response rate of 

genotype 1 or 4 infected patients is low (40-50%) as compared to those infected with 
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genotypes 2 or 3 (70-80%). This difference in the response of different genotypes still 

unclear, but hypothetically associated with the ISDR the region present in NS5A protein of 

HCV (Enomoto et al., 1996; El-Shamy et al., 2012).  

It has also been discussed before (2.3.4) that development of steatosis in HCV 

infected patients is associated with different genotypes. In many previous studies  it was 

observed that a substantially increased number of HCV genotype 3a infected patients have 

steatosis, even in the absence of other factors that also play a role in steatosis, like 

alcoholism, obesity, and diabetes. It has also been noted that steatosis is cured with the 

successful therapy and clearance of the HCV, indicating the direct role of  genotype 3a in 

altering hepatic lipid metabolism that is not so obvious with other genotypes. So the 

importance of HCV genotyping in Hepatitis C therapy management plays its crucial role. 

The new investigations regarding HCV genotype are important to note here that one 

genotype already present in the host body does not provide immunity against other 

genotypes, so the mixed genotype with two or more genotypes is possible. The interesting 

thing is that in most of such cases, one of the mixed genotypes can remove the other 

genotypes in a short time from the host body. It indicates the in that HCV infected patients 

one genotype could be replaced with another if the patient exposed to new genotype. So this 

mode of replacement in HCV genotypes in the host body can be used as an important tool to 

replace non responding types with responding types which are friendly to Interferon therapy 

and patients can easily eradicate the virus from their body by proper treatment (Laskus et al., 

2001). 

2.4 Hepatitis C treatment 

From the first day of HCV discovery as NANB Hepatitis virus its treatment remains a 

big challenge for the researchers. The first reported HCV case treated with Interferon-α was 

in 1989 (Devis et al., 1989; di Biscegile et al., 1989). In the past, the treatment of HCV 

infected patients was restricted to mono-therapy with different iso-forms of Interferon 

(Interferonα-2a, Interferonα-2b and consensus Interferon). The antiviral and 

immunomodulatry effect of all these iso-forms of IFN is almost same (NIH, 1997). The use 

of Interferon was first tried in the mid 1980s on a trial basis. Very small data of follow up 
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studies regarding Interferon mono therapy were available. Only ten HCV infected patients 

who were treated with INFα -2b from 1984 to 1987 were followed after the termination of 

the therapy (Lau et al., 1998).  

The INFα-2b was a first approved type of Interferon used for the treatment of HCV. 

Primarily it was used in a dose of three million international units (3MIU) and injected 

subcutaneously thrice a week for six months. The success rate of monotherapy with 

Interferon used for six months was very low (14%) out of which mostly the cases were 

relapsed after the termination of the therapy. To get better results, the treatment duration was 

extended from 6 months to 12 months but it remained limited to Interferon monotherapy 

because of no alternate available antiviral drug for HCV. Little improvement in the response 

was observed but it was still very low (27%) and again most of the cases were relapsed 

(Carithers and Emerson, 1997).  

2.4.1 Ribavirin and Interferon combination therapy 

With the discovery of nucleoside analogue Ribavirin and its use with Interferon has 

improved the treatment response. Ribaviron is a pro-drug that is activated by cellular 

enzymes (kinases) and changed to the 5' triphosphate nucleotide and interferes the RNA 

metabolism used in viral replication. After the activation the carboxamide group of 

Ribavirons can make that native nucleoside drug resemble to adenosine or guanosine which 

depends upon its rotation. 

The use of Ribaviron with the combination of Interferonα-2b as an antiviral agent has 

significantly improved the treatment response up to 70% (Zhou et al., 2008 and Batool and 

Qureshi, 2006). Ribavirin is a nucleoside analogue of adenosine and guanosine that is used 

orally. Ribaviron has been studied comprehensively as an antiviral drug about twenty years. 

Single use of Ribaviron in HCV infected patients decreases the SGPT levels   but has no 

significant effects on the replication of the virus (Bodenheimer et al., 1997). However, its use 

with the combination of INF-α has considerably improved the sustained virologic response 

(SVR) rate (5-49%) as compared to single use of Interferon (Davis et al., 1998). 

Approximately 50% of the monotherapy relapsed cases SVR to the combination therapy 

(Davis, 1999).  
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An analytical review reported by Kjaergard et al. (2001) was the initial base for the 

approval of Interferon-α plus Ribavirin combination therapy. That review was based on 6585 

HCV infected patients studied in 48 randomized clinical trials. In those trials the Interferon-

αplus Ribavirin combination therapy results were compared to Interferon monotherapy in 

patients who were Interferon naive, non responders or relapsed. In that review study, the 

response rate at the end of the combination therapy was 28% in naive patients, 47% in 

relapsers and 17% in non responders. Sustained response was present after the six months of 

post therapy period in most of the cases. 

 Currently two standard treatment combinations are approved by FDA. First is 

recombinant Interferon alpha (IFNα) with Ribavirin which is also known as conventional 

Interferon (C-INF) therapy and the other is pegylated Interferon alpha (pegIFNα) with 

Ribavirin (Sarasin-Filipowicz et al., 2008; Manns et al., 2001; Faried et al., 2002; 

Hadziyannis et al., 2004; Davis et al., 1989 & 2003). The new modified form of IFN with the 

addition of covalently attached polyethylene glycol protein chains is PegIFNα. This modified 

form has a more half-life compared to unmodified IFNα and is administrated only once a 

week compared to IFNα which is given thrice a week. Two isoforms of PegIFNα are 

currently available which are used to treat the HCV infected patients. First isoform is IFNα-

2a (administered subcutaneously at a dose of 180 ug/week) and second pegIFNα-2b (given in 

a dose of 1.5 ug/kg body weight/week) (Khokhar et al., 2003; Castillo et al., 2010; Poynard 

et al., 1998). 

For the patients infected with HCV genotype other than 1 and 4 including their 

subtypes and mixed genotypes the first combination therapy (IFNα plus Ribavirin) is three 

subcutaneous injections of 3 MIU of IFNα and Ribavirin (given orally 10mg/kg body weight 

daily) per week for 6 months. While for the patients infected with genotype 1 or 4 including 

their subtypes or mixture of 1 and 4 genotypes with each other or with genotype 2, 3, 5 or 6 

the treatment is same but duration extended to 48 weeks. With the second combination 

(PegIFNα and Ribavirin) treatment duration is same but PegIFNα is given once a week 

instead of three times and the Ribavirin dose is same (10mg/kg body weight daily) (Poynard 

et al., 1998). 
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Although most of the studies and clinical trials have confirmed that SVR rates of 

PegIFNα-2a or PegIFNα-2b are much better than conventional Interferon yet the 

conventional Interferon (C-INF) is the therapy of choice to treat the Hepatitis C patients in 

undeveloped countries including Pakistan (Hadziyannis et al., 2002; Karrayiannis, 2005). It 

may be because of financial reasons as its cost is lower than pegIFNα which is expensive and 

beyond the approach of poor patients. Secondly the frequent existence of HCV genotype 3 in 

Pakistan and other Asian countries that has good response to conventional Interferon therapy 

(Zuberi et al., 2008; Karrayiannis, 2005).  

 

2.5 The mechanism of HCV resistance to Interferon therapy 

The mechanism of resistance to Interferon therapy in HCV infected patients is not 

comprehensively understood, it is hypothetically believed that both host and viral factors, 

including a mutation in several variable HCV genomic regions like E2-PePHD, NS5A-

PKRBD, NS5A-ISDR and NS5A-V3 are associated with HCV response to Interferon therapy 

(Enomoto and Maekawa, 2010; Munoz et al., 2008) 

Many studies have been done to investigate how HCV escapes from the host’s 

immune response and antiviral therapy, and how it damages the hepatocyte and causes 

molecular oncogenesis. Ineffective response of HCV is believed to be responsible because of 

a quick mutation in the hyper-variable regions of the viral genome, which causes rapid 

changes in its enveloped proteins that enable it to neutralize antibody (Manns et al., 2001; 

Fried et al., 2002).  

In response to host intracellular viral infection, Interferon is the most potent natural 

weapon. Interferon (IFN) belongs to family of cytokines that has antiviral, immune-

regulatory and anti-proliferative effects on target cells. IFN has three types I, II and III. In 

humans IFN type I have two further types IFNα and IFNβ. Of these IFNα has 13 subtypes 

and are produced in response to pathogens as a part of innate immune response (Borden et 

al., 2007). IFNs not only inhibit viral replication but are useful in the treatment of multiple 

sclerosis and malignancies like renal-cell carcinoma, cutaneous melanoma and hairy cell 
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leukemia (Borden et al., 2007). IFNα play an important role in antiviral responses through 

the transcriptional activation of hundreds of IFN-stimulated genes (ISGs). These ISGs 

encoded proteins have potential to block viral transcription, degradation of viral RNA, 

inhibition of translation or interference with various steps of viral replication (Heim, 2000).  

Many ISGs proteins have been identified and among these proteins kinase R (PKR), 

2’–5 oligoadenylate synthetase (OAS) and Mx proteins are the best-characterized. If we see 

the antiviral and antiproliferative role of these ISGs proteins, PKR hamper the translation of 

both viral and cellular proteins by phosphorylating the α subunit of eukaryotic initiation 

factor (eIF2α), OAS activates RNases to cleave the viral and cellular RNA (Carroll et al., 

1996) and Mx proteins obstruct the replication of negative stranded RNA viruses such as 

influenza (Marschall et al., 2000). Significant immuno-modulatory effects of IFNα are the 

activation of natural killer cells and cytotoxic T lymphocyte, which recognize infected cells 

and attempt to clear them (Tilg, 1997). 

The particular mechanism of IFNα (produced endogenously or recombinant IFNα 

administrated subcutaneously) effect in HCV infected patients remains poorly understood. It 

is believed that HCV genomic proteins are well equipped with ability to evade the Interferon-

mediated antiviral, immune-regulatory and anti-proliferative effects (Hadziyannis et al., 

2004; Fried et al., 2002). HCV proteins show interaction with some of the IFN-induced 

antiviral effectors. NS5A and E2 are known to interact with PKR. These interactions lead to 

an inhibition of PKR activity and therefore to an HCV-mediated IFNα resistance (Choi and 

James, 2006; de Lucas et al., 2005). HCV core protein has been reported to reduce the 

strength of the host’s immune response by decreasing transcription of Interferon induced 

antiviral genes (Hadziyannis et al., 2004; Faried et al., 2002).  HCV NS3/4A protease also 

has been concerned in inhibiting the Interferon amplification loop which results in 

suppression of HCV replication. Inhibition of HCV protease can reverse the effects of HCV 

infection that makes protease inhibitors one of the most noteworthy potential therapeutic 

agents for HCV (Hadziyannis et al., 2004; Brown et al., 2005). 

Many studies have been done to correlate the genomic variation with Interferon 

therapy response prediction. Different scientists used different regions of the HCV genome 
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for that correlation. But still the picture is not so clear. In this view a study was done to 

examine the relation of HCV genomic variation with the response to Interferon therapy by Le 

Guen et al. (1997). In their research they used a molecular technique, single-strand 

conformation polymorphism assay (PCR-SSCP) and selected hyper variable region-1 (HV1) 

of E2. They included 95 French HCV infected patients with different genotypes. All the 

patients were treated with IFNα-2b. The main objectives of their study were to see the effect 

of HCV heterogeneity in E2, its genotype, viral load, and liver histology of the patients on 

Interferon therapy response. They found that age more than 40 years, basic viral loads more 

than 35 x105 Eq/mL, genotype 1and a number of SSCP bands more than 3 in the 

hypervariable region of E2 has a significant effect on treatment response. Their findings 

show that HCV genotype 3a has more response to Interferon therapy as compared to 

genotype 1. 

In another study done in 1998 the variations in the ISDR region of NS5A from HCV 

genotype 1b was examined to see any association of that region variation with treatment 

response (Pawlotsky et al., 1998). They were interested to explore the relation of 

nonstructural 5A (NS5A) gene quasispecies mutations with the resistance of that type against 

Interferon. Before their study it was found that a 40 amino acid sequence found in the NS5A 

protein of HCV-1b was proposed as the Interferon sensitivity determining region (ISDR). 

The HCV-1b strains with their ISDR region which was identical to the prototype strain HCV-

J were suggested to be resistant to Interferonα (IFNα) while those strains which had an amino 

acid sequence change in that region were examined sensitive to IFNα. In their study they also 

used molecular technique single-strand conformation polymorphism (SSCP) but in 

combination with cloning and sequencing to assess the changes in NS5A of quasispecies in 

HCV subtype 1b infected patients and found the relationships between pre and post therapy 

NS5A quasispecies mutations and the IFN-alpha sensitivity of HCV-1b. They observed that 

the serine residues those involved in phosphorylation of the NS5A protein were highly 

conserved both in different patients and in quasispecies of a given patient that showed that 

the phosphorylation was essential for NS5A protein function. At amino acid positions of 

2217-2218 some changes were observed and they suggested that it may because of either 

strong selection pressure or tolerance to these amino acid replacements. According to them 

the initial quantity of virus and nucleotide sequence entropy was highly correlated to 
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virological sustained response but no NS5A sequence was found to be based for resistant or 

sensitive to IFNα therapy, however the HCV-J sequence was significantly more frequent in 

non responder quasispecies than in sustained virological responding quasispecies that showed 

that the balance between NS5A quasispecies sequences in infected patients could have a 

subtype regulatory influence on HCV replication. 

Berg and colleagues selected two regions PePHD from E2 and ISDR from NS5A to 

see the association of those regions variations with treatment response (Berg et al., 2000). 

For that he selected the genotype 1 strain included two subtypes 1a and 1b. They selected 

codons 618-681 including the PePHD region from E2 and codons 2209-2248 including ISDR 

region from NS5A for correlation. In their study they selected a total of 81 patients all of 

those were infected with HCV genotype 1 including 54 with subtype 1b and 27 with subtype 

1a. According to their findings no correlation was present between the Interferon alpha 

therapy response and mutation in flanking regions before or after the PePHD or within the 

PePHD region of HCV genotype 1, where 72 out of 81 (89%) patients showed 2.6±0.17 

mutations with range of range 1-8. In the sequence of NS5A protein a total of 39 out of 81 

patients showed a higher mean number of mutations in the ISDR region which was 

significantly more frequent in sustained virologic responding patients as compared to non 

responding or relapsed which was 2/4 (50%) vs. 2/35 (6%). So they found that NS5A was 

practically relevant to IFN alpha induced effector reactions. 

In the same year, 2000 another group of researchers also tried to find out the 

correlation and they also selected the above mentioned two regions PePHD and ISDR but 

only those patients infected with subtype 1b were included in the study (Chayama et al., 

2000). Additionally they also investigated the role of initial viral load on treatment response. 

They analyzed 82 HCV genotype 1b infected patients out of which 11 (13.4%) showed a 

response to Interferon therapy and 71 (86.6%) were non responders. In their study they 

explored the mutational pattern in  both of the regions ISDR and PePHD and their correlation 

with therapy response. They investigated that only HCV viral load and amino acid sequence 

variation in the ISDR region of NS5A showed correlation with sustained response to IFN 

therapy while the amino acid sequence variation in the PePHD region was not correlated with 

the therapeutic effect of IFN.  
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Another group was not agreed with that there is any correlation with treatment 

response and genomic variation both in the PePHD and ISDR region of HCV subtype 1b 

(Gerroto et al., 2000). They analyzed the sequences both in parallel by sequencing direct 

cDNA and up to 25 independent clones and observed that E2 (PePHD) sequence was highly 

conserved and no variation was present in 29 out of 30 samples which showed no correlation 

with response and no indication of evolution during the therapy. On the other hand 67% 

responding patients were showing mutation in NS5A (ISDR) region of genotype 1b. Their 

data showed that, though the highly conserved E2 (PePHD) region may contribute to reduce 

IFN responsiveness but variations within this region did not play any function in IFN therapy 

response and the NS5A (ISDR) region sequence may influence the early virological response 

but not the sustained virological response against IFN therapy. These findings showed that 

including above other factors may also be taken under consideration to assess the long-term 

outcome of treatment. Polyak and coworkers were also agreed with the Gerroto and 

colleague’s findings that with the assessment of variations in a PePHD region of HCV 

genotype 1 the therapy response could not be predicted (Polyak et al., 2000). 

In 2000 Cochrane and coworkers also amplified the PePHD region from E2 to 

examine that sequence pattern in the viral genome of HCV infected patients. In their study 

they selected HCV subtype 3a of genotype 3 instead of genotype 1 or its subtypes. When 

they analysis the amino acid sequence of the PePHD region of pretreated samples of 14 

patients infected with genotype 3a. They observed that out of those 14 pre-treated samples 

only a single patient had variation in PePHD region. They also examined the PePHD amino 

acid sequence in the samples collected during or after the therapy in five patients who were 

non responders or relapsed after the termination of the therapy. When they compared the 

amino acid sequence pattern of PePHD domain of pre- and post treated samples of relapsed 

or non responders, they found no variation between both of the samples. So they concluded 

their study that PePHD region sequence of the samples taken before therapy could not help 

the clinicians to predict the treatment response before therapy which also showed that  no 

changes in that region occurs due to IFN therapy.  

The same findings were also found in the study reported by Sarrazin et al. (2000) 

where they also found that the variation in PePHD regions of genotype 3a can be used as 
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predictors for Interferon therapy response.  In their study thirty-three patients infected with 

HCV genotype 3a isolates were treated with IFN-α with or without Ribavirin. They observed 

that HCV especially HCV 3a has a mechanism to evade the antiviral effects of IFN-α when 

administered with or without Ribavirin although the clinical correlation was difficult to 

establish. Their findings showed that mutations were frequent among the sustained 

responding (SR) patient’s viral genome when compared to end of treatment responding 

which relapsed after ETR, and non-responders (NR). However, at codon 668 and 669 within 

the hydrophilic area of PePHD mutations were high in the SR of their study. 

In japan a study on sequence analysis of PePHD within the HCV E2 region and its 

correlation with resistance of Interferon therapy in Japanese patients infected with HCV was 

done. In that study they also include genotypes 2a and 2b with the genotype 1a and 1b (Saito 

et al., 2003). They postulated that PePHD sequence was well conserved and seemed to have 

no correlation with IFN response in patients infected with HCV genotype 1b. However, 

PePHD had multiple variations, and one particular motif, "RGQQ-" at the N-terminus, 

showed a close correlation with IFN resistance in patients with HCV genotypes 2a and 2b.  

The changes in hypervariable region-1 (HVR1) of E2 were also analyzed in 

PegInterferon treated patients by a group of researchers (Chambers et al., 2005). They 

studied a number of treatment naive HCV patients who had histopathologic evidence of 

chronic inflammation and fibrosis. Genetic parameters were examined with respect to 

response to therapy based on serum viral RNA loads at 12 weeks and at 24 weeks post-

treatment. Nucleotide and amino acid quasispecies complexities of the hypervariable region 1 

(HVR-1) were less in the responder group at week 12, however, these parameters did not 

distinguish the two groups at 24 weeks (SVR). This study supports previous studies 

indicating a high level of genetic heterogeneity among chronically infected HCV patients. 

The authors concluded that early viral responses are governed to some extent by viral factors, 

whereas sustained responses may be more influenced by host factors, in addition to the 

effects of viral complexity and diversity. 

In India a study was done to see the Interferon therapy response and its correlation 

with viral genomic variations in a population infected with HCV genotype 3a by Gupta et al. 
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(2006). In that study the variation in ISDR and PePHD regions of HCV genotype 3 was 

compared with the Interferon therapy response. No clear correlation could be found for 

ISDR, but in case of PePHD significant changes were observed which could be helpful in 

understanding the difference in the response to treatment. 

In one study variation in NS2 and NS3 genes of HCV genome was observed in pre and 

post therapy cases and found that the variation was higher in pre-therapy samples of relapsed 

cases than non-responders, and the variation in post-therapy was higher in the relapsed cases 

for most of HCV infected patient's virus (Cannon et al., 2008). The average mutation rate 

was almost same in the nonresponders and relapsers on the amino acid level, but the 

mutations in NS2 gene of relapsed cases were less conservative as compared to non-

responders. Unpredictably they found that the HCV sequences were stable during failed 

antiviral therapy, both non-responder and relapsed sequences were under selective pressure 

during therapy, and variation in NS2 may have contributed to the difference in response 

between the non-responder and relapsed groups. Their data indicate that the HCV genetic 

variability may help to determine the response to therapy. 

One group of researchers investigated the association of HCV genome sequence 

changes in enveloped protein E2 especially its PePHD region in HCV genotype 1a/1b 

infected population of Iran (Honardoost et al., 2008). For that they explored the genetic 

variation in the PePHD region of E2 in HCV genome of genotype 1a/1b isolated from the 

patient’s samples receiving IFN therapy. They amplified the PePHD region of HCV 

genotype 1a/1b with reverse transcriptase PCR and analyzed the sequence by bidirectional 

sequencing. The changes in PePHD sequence were observed in pretreatment and three 

months treated isolates. These mutations were observed at codons 665, 666 and 667 of 

follow-up patient’s samples and at codons 660, 661, 666 and 670 of randomly treated 

patients. They found that few of these mutations had similarity to those reported before. They 

also detected the mutation in upstream and downstream flanking regions of PePHD which 

may play any role in the structure, conformation and configuration of that region which may 

cause the suppressing of PePHD inhibitory roles. They concluded their study with the 

suggestion that HCV E2 (PePHD) has its strong correlation with IFN therapy response in 
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HCV infected patients in Irani population that was contrasted from most of the studies 

described above. 

In the above studies, the scientists were focused on ISDR (NS5A), PePHD (E2) and 

HVR1 (E2) regions to see the genomic variations in Hepatitis C virus isolated from the 

Interferon treated patients. In a new study Rueda (2008) analyzed the variation in a new 

hypervariable region-3 (HVR3) along with the ISDR (E2) and PePHD (E2) regions of HCV 

genotype 1 genome present in the patients treated with pegIFN plus Ribavirin combination 

therapy.  The sequence analysis was carried out on pre-treatment 60 serum samples of who 

had different treatment results with either sustained virologic response (SVR; n=36) or non-

responders (NR; n=24) when treated with pegylated IFN and Ribavirin (1b, n-47; 1a, n=13). 

It was found out that presence of >4 mutations in the ISDR region was coupled with 

early virological responses (EVR, 12 weeks) and SVR (P = 0.001) but not rapid virological 

responses (4 weeks) when the sequence of PKR/if-2α phosphorylation homology domain 

(E2-PePHD) region was determined for 23 patients (11 SVR and 12 NR). There was an 

elevated level of genetic variability in HVR3 but this was not associated with SVR. The E2-

PePHD (n=23) region was also conserved. There was a significant statistical difference (68 

% of SVR patients with mutations verses 45% without mutations (P=0.07) in case of the 

ISDR. It was observed that in V3 and flanking regions, mutations increased considerably in 

post treatment sera (P=0.05) when with the aim to select treatment-resistant viral sub-

populations, NS5A sequence of samples that were taken after 1 month of treatment and post-

treatment were studied for 3 SVR and 15 NR patients. With the age <40 years (OR=3. 2; 

P=0.056) and presence of >4 mutations in the PKRBD region (odds ratio [OR] =9.9; 

P=0.006) was selected in an analysis in which multiple variables were studied as predictive 

factors of SVR. In case of HCV genotype 1 patients treated with pegylated IFN and 

Ribavirin, the genetic variability in the PKRBD (>4 mutations) is a predictive factor of SVR 

and EVR.   

A quick and intense antiviral activity was seen with telaprevir (VX-950), a highly 

selective and strong inhibitor of the HCV NS3-4A serine protease when chronically infected 

patients with Hepatitis C virus (HCV) strain of genotype 1 were treated with it by Zhou et al. 
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(2008). During treatment with telaprevir, some patients were observed to have HCV variants 

with substitutions in the NS3 protease domain. In order to characterize substitutions 

phenotypically, protease domain proteins were purified and subgenomic replicons of HCV 

were reconstructed in the current study. Variants that had double substitution of Val36 plus 

Arg155 or Ala156 had more than 40-fold resistance towards telaprevir whereas there was a 

20-fold resistance towards telaprevir in variants with a double substitution at Val136 plus 

Thr54. Less than eight fold resistance was observed in V36A/M or T54A substitutions 

towards telaprevir. It was seen that except of the side chain of Met36, V36M variant structure 

was identical to the wild type apoenzyme when the X-ray structure of the H protease domain 

of HCV strain comprising of V36M substitution co-complexed with an NS4A cofactor 

peptide was resolved at a resolution of 2.4-A. Wild-type replicon divided at a greater rate in a 

cell than the in vitro replication competence of most variants, which was quite low. The 

greater the fitness of a cell greater will be the rate of replication as estimated from health of 

patients treated with telaprevir. There was no change in the sensitivity of these replicons 

towards alpha Interferon or Ribavirin as compared to the wild-type.  

Around 15 HCV-1b-infected Tunisian patients were selected and correlation between 

pre-treatment mutation number within PKR-BD, V3, ISDR, IRRDR, complete ISDR-V3 

region of NS5A (aa 2209-2379) and the response towards a combined course of IFN and 

Ribavirin for 48 weeks was studied in the current study. There was a correlation between 

response to IFN-based therapy and mutations within the Interferon sensitivity-determining 

region (ISDR), the PKR-binding domain (PKR-BD), non-structural protein 5A (NS5A) of 

Hepatitis C virus (HCV), the variable region 3 (V3) and the Interferon/Ribavirin resistance 

determining region (IRRDR) inspected by Bouzgarrou et al (2009). There were no data 

available related to the inference of NS5A in response towards treatment in Tunisia where 

there is a high prevalence of HCV-1b.    

There was a significant difference in mutation number between non-responders 

(15.0 ± 1.41) (P=0.002) and sustained virological responders (19.6 ± 3.16) when an entire 

region from ISDR to V3 (referred to as NS5AISDR-V3) was considered. It was found out that 

regions positioned between amino acids 2282 and 2308 (P=0. 0006) were more prone to 

mutations when a detailed analysis of NS5AISDR-V3 region was done. When variation in 
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specific amino acids was analyzed it was uncovered that serine and proline at position 2300 

were restricted patterns for resistant and sensitive strains, respectively. There was a lower 

level of variability seen within PKR-BD in non-responders when compared to sustained 

virological responder patients (P=0. 040) when the HCV - J sequence was considered. In this 

Tunisian study, an association between the response to the combined IFN and Ribavirin 

therapy and genetic variability within the NS5A region of HCV-1b strain was seen.  

The effect of mutations on response kinetics was studied by Alesting et al. (2011) and 

the result of treatment was investigated in Caucasian patients. In order to carry out this study 

they sequenced the core region of HCV pre-treatment samples which were attained from 50 

patients who were given pegInterferon/ Ribavirin treatment in an earlier Swedish clinical test 

with genotype 1 infection. To find out any co-involvement with this strong response 

interpreter, the alleles were evaluated at a single nucleotide polymorphism (SNP ID 

rs12979860). Their results showed that substitutions of core residue 70 are linked to 

treatment response in Caucasian patients with HCV-1b infection, but they are not as 

important as IL28B polymorphism. They found that there is no association between 

treatment reaction and substitutions of core residue 91.  

On the other hand, in the viral genome of 6/21 (29%) non-responders showed 

substitutions of core residue 70 and only 1/29 (3.45%) in responders (p = 0.03), while it was 

more prevalent in subtype 1b (R70Q in 6 of 13 strains) then in 1a (R70P in 1 of 37 strains), 

p=0. 004. In the patients having the CT genotype at rs12979860 the poorer response kinetics 

were shown by Core 70 substitutions. Overall the powerful response interpreter (p = 0.0001) 

was the rs12979860 SNP upstream of the IL28B gene. 

The PKR-eIF2alpha phosphorylation homology domain (PePHD) of Hepatitis C virus 

genotype 1 in HIV coinfected patients was analyzed by Bolcic et al. (2012) through the use 

of ultra-deep pyrosequencing. He further determined its link with the responses to pegylated 

Interferon-Ribavirin therapy. Therefore, HCV-E2-PePHD PCR products were generated and 

directly sequenced for four persons that showed a sustained response, seven patients showing 

no virological response and four patients with viral response relapse before and after 

treatment with pegylated Interferon + Ribavirin. HCV-E2-PePHD amino acid sequences of 
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isolates extracted from the serum collected before and when treatment was being carried out 

(24 h, 4 weeks, and 12 weeks). 454/Roche sequencing was performed in order to carry out 

quasispecies analysis of the HCV-E2-PePHD and flanking genomic regions and this analysis 

revealed a total of 39,364 sequences. At both the nucleotide and amino acid level, the HCV-

E2-PePHD was conserved among the HCV genotype 1 strains despite of the PEG-IFN+RBV 

response. The treatment outcome has no association with the high degree of sequence 

conservation and spontaneous mutations in the HCV-E2-PePHD domain. Therefore, it is not 

possible to accurately predict the consequences before and after treatment in patients who 

have HCV genotype 1 and HIV coinfection through the HCV-E2-PePHD sequence (Bolcic et 

al., 2012). 

Previously, a number of sequence mutations has been strongly associated with the 

consequences of PEG-IFN/RBV treatment, like viral heterogeneity of NS5A component 

known as IFN/RBV resistance-determining region (IRRDR) and mutations in the core 

protein of Hepatitis C virus genotype 1b (HCV-1b). The influence of viral genetic mutations 

in the NS5A and core regions of other genotypes, HCV-2a and HCV-2b was investigated in 

the study by El-Shamy et al. (2012). In 112 HCV infected patients with genotype 2a and 2b, 

the pretreatment sequences of NS5A and core regions were analyzed. These patients were 

given the PEG-IFN/RBV for 24 weeks and it was followed up for another 24 weeks. The 

findings of the research revealed that rapid virological response at week 4 (RVR) and 

sustained virological response (SVR) was associated with HCV-2a isolates with 4 or more 

mutations in IRRDR (IRRDR [2a] ≥4). Furthermore, It was determined through multivariate 

analysis that IRRDR [2a] ≥4 was the only non-dependent predictive factor for SVR. Another 

region of NS5A associated with a component of IFN sensitivity-determining region (ISDR) 

plus its carboxy-flanking region, known as as ISDR/+C [2a] had a significant interlink with 

SVR in HCV-2a patients. 
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2.6 Studies done in Pakistan to see the correlation of virological changes 

with the Interferon therapy response  

Afzal et al. (2010) found that PePHD domain was not completely conserved and 

regardless of the treatment response some isolates had substitutions. But when glutamine (Q) 

is substituted with Leucine (L) in one of the breakthrough responders made it much alike 

with HCV genotype 1a. The average hydrophilic activity is also increased due to these 

substitutions in the breakthrough responders thus favoring the binding of PePHD to PKR and 

inhibition of PKR. 

They evaluated sequences of the PePHD domain of thirty one variant of six Hepatitis 

C virus patients with genotype 3. A rapid virological response to Interferon alpha and 

Ribavirin combination therapy was shown by three of their HCV 3a infected patients while 

the left behind three had breakthrough to the same combination therapy. 

HVR1 region sustains its physiochemical properties for its viability and proper 

functioning despite of its variability in HCV 3a patients who thus show a varied response to 

different therapies. Thirty one clones obtained from six pretreatment samples were subjected 

to combination therapy and were studied by Akram et al. (2011). Out of the six patients, 

three showed rapid response and were represented as R1, R2 and R3, while two of them were 

broken through responders denoted as BT1 and BT2. The gene for envelope 2 was sequenced 

following amplification and cloning. The HVR 1 region of E2 protein which codes for 

envelope was studied in terms of its composition, amino acid substitutions, frequency, and 

antigenic properties. In the rapid responders (R.R) with 14 amino acid sites and break 

through responders (BT.R) with 13 amino acid sites, it was observed that half of these amino 

acid sites were either conserved or showed resistance to all kinds of physiochemical changes 

occurring as a result of amino acid substitution. Also, it was seen in the rapid responders that 

the average composition of the basic and hydrophilic amino acids was low as compared to 

other samples that influence possible viral interaction with the target cells. HVR1 has 

adaptability towards immune response which was confirmed by the observation that the 

major non antigenic region was constant and fixed among the break through responders 

while it differed in length to a great extent among the rapid responders.  
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It was to determine whether mutations within the NS5A gene of HCV 3a genotype 

have an effect on the outcome of combination therapy in Pakistani populations. Ali et al. 

(2011) carried out a study in which the Pakistani patients infected with chronic HCV 

genotype 3a were given IFN- α and Ribavirin therapy for a period of six months. Before 

therapy, the NS5A gene of HCV from all the patients was amplified and sequenced and then 

mutations in these sequences were identified. Of 27 patients, 20 (74.07%) were seen to show 

sustained virological response (SVR), 3 (11.11%) patients displayed at the end of treatment 

response (ETR) while 4 (14.81%) patients showed no response (non responders-NR). 

Mutations ranging from I-V amino acids in the NS5A ISDR regions were seen in three (3/20) 

(15%) SVR patients and two (2/3) ETR patients but no mutations in the ISDR region among 

the rest of SVR patients (85%) and NR were seen in comparison with K3a ISDR. Thus, it 

was revealed that these mutations have no effect on the combination therapy given to 

Pakistani HCV 3a patients. 

From the above literature survey it was clear that the prevalence of HCV genotype 3 

especially its subtype 3a was high in Pakistan. Except one study done by Idrees and 

Riazudin, all the other studies reported from different areas of Pakistan had a small number 

of sample size which could not show the true picture regarding the prevalence of HCV 

genotypes in Pakistan. No study from Pakistan highlighted the epidemiological changes of 

different HCV genotypes in Pakistan. The standard therapy for HCV infected patients in 

Pakistan was Interferon plus Ribavirin because of the high percentage of HCV subtype 3a in 

Pakistani population and its better response to that combination of therapy. In most of the 

studies reported internationally or locally, all the researchers were agreed that the molecular 

changes in NS5A-ISDR of genotype 3 or its subtype 3a had no association with Interferon 

combination therapy response, while the variation in genotype 1 was highly associated.  

The other highly reported region was E2-PePHD in which the researchers were 

agreed that variation in this region had an association with subtype 3a response to therapy but 

no correlation of this region was found in other HCV types. Again the sample size of local 

studies was low and all the samples were taken at the start of the therapy and no correlation 

between the genomic variations of initial and last samples was observed. So there was still a 

need to explore the variation in new regions of the HCV genome and their effect on therapy 
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response. It may also be useful in Hepatitis C vaccine development and to see the molecular 

epidemiology of HCV genotypes in Pakistan. 
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Chapter-3 

MATERIALS AND METHODS 

3.1  Study design 
 
The present study was divided into two phases. In the first phase the molecular 

techniques were established to detect the HCV RNA and its specific genotypes (will be 

discussed in this chapter). In the second phase prevalence of different HCV genotypes and 

their epidemiological changes in this region were evaluated. The response of different HCV 

genotypes to Interferon alpha plus Ribavirin combination therapy and the effect of different 

host and virological variables on the efficacy of treatment response were also investigated in 

the second phase (will be discussed in chapter-4). The association of HCV subtype 3a 

genome variations with treatment response was also assessed in the second phase of the 

study. The selection of HCV subtype 3a was based on its high prevalence rate in this region 

(Ahmad et al., 2012; Idrees and Riazudin, 2008).  

For the sample collection and to monitor the response of different HCV genotypes to 

Interferon plus Ribavirin combination therapy collaboration was done in Shalamar hospital, 

Lahore that was a 450 beds teaching hospital where a large number of HCV infected patients 

visited for diagnosis and treatment purpose. All the patients were treated under the 

supervision of experienced gastroenterologists in that hospital.  

A total of 6570 anti-HCV positive blood samples (by ELISA) were received. All the 

samples were assessed by HCV RNA detection on polymerase chain reaction (PCR) to 

confirm the presence of the virus. For HCV RNA detection, in-house qualitative HCV RNA 

reverse transcription polymerase chain reaction (RT-PCR) test was established. To see the 

specific genotypes of HCV in Hepatitis C patients a simple, rapid, reliable and inexpensive 

multiplex PCR assay for HCV genotyping detection was also optimized. Out of 6570 anti-

HCV positive samples 4981 were found HCV RNA positive and further processed for 

genotyping.  
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One hundred and fifty patients infected with HCV genotype 3a were selected to 

identify the genomic variations and their relation to Interferon sensitivity. Out of those 150 

samples of HCV treated patients, 100 were taken before the therapy from which 50 were 

from responding and fifty from non responding patients. Remaining 50 samples were taken at 

the end of therapy from non responders. All the samples were collected with a full clinical 

history of the patients along with laboratory and personal data.  

3.2 To establish an HCV RNA qualitative RT-PCR 

Specific primers were designed to establish an HCV RNA qualitative RT-PCR for the 

confirmation of the presence of Hepatitis C virus in the patient blood. Conditions were 

optimized to convert the HCV RNA to complementary DNA (cDNA) by reverse 

transcription and to amplify the cDNA by nested PCR. Amplification was done in two 

rounds first hemi-nested and second nested PCR round. Thermal conditions were optimized 

on Thermal Cycler (Thermo Hybaid PCR Express Gradient, HB-PX-MAN, UK).  

3.2.1 Primers designing 

Two pair of primers (PQ1, PQ2 and PQ3, PQ4) were designed using the highly 

conserved 5' untranslated region (5' UTR) of HCV genome for the first (Hemi-nested) and 

second (nested) PCR rounds using Primer3 software (http://bioinformatics. weizmann. 

ac.il/cgi-bin/primer/primer3.cgi). The first primer pair that includes an outer sense and outer 

antisense primer (PQ1 and PQ2) was designed for the amplification of long DNA fragment in 

the first round. For the second round, nested pair of primers including inner sense and inner 

antisense primer (PQ3 and PQ4) was designed to amplify the inner portion of first amplified 

fragment. The results of this study were also compared with commercially available kits (AJ 

Roboscreen, Germany; Qiagen, USA and AmpliSense® HCV-RT Russia) to check the 

sensitivity and specificity of the assay. The primer sequences selected for the amplification of 

HCV RNA are given below (Table-3.1). 
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Table-3.1 Primer sequences used for the first and second round of HCV RNA qualitative 

    nested RT-PCR 

 

3.2.2 HCV RNA Extraction 

Serum was separated immediately from all the blood samples received from HCV infected 

patients. HCV RNA was extracted from 250μL serum with the TRI Reagent RNA isolation 

kit (TRI REAGENT-LS, TS 120, by the Molecular Research Center, USA) according to the 

kit protocol with little modification briefed below 

 Arranged, labeled and registered the samples carefully.  

 Labeled the 1.5 mL micro reaction tubes correspondingly and put 750 µLTRI REAGENT LS 

in each labeled tube  

 Added 250µL serum samples in corresponding tubes containing TRI REAGENT LS and 

mixed with pipetting and vortaxing to lyse the cells or cellular debris.  

 Stored the tubes at room temperature for 5 minutes to permit the complete dissociation of 

nucleoproteins complexes. 

 Added 230 µL chloroform and mixed by inverting the tubes many times by vortaxing.  

 Stored the tubes at room temperature for 10 minutes.  

 Centrifuged the tubes for 12 minutes at 14000rpm which separated the tube mixture into 

three phases. Lower red chloroform phase, inter phase, and the colorless upper aqueous phase 

which contained RNA.  

Primer  

Number 

Primer 

Name 

Primer Sequence (5'-3') Specification Nucleotide 

 Position 

First round Primers 

1 PQ1 5'gcc tag cca tgg cgt tag ta3' Outer sense 76-95 

2 PQ2 5'act cgc aag cac cct at cag3' Outer antisense 311-292 

Second round Primers 

3 PQ3 5'gcc tag cca tgg cgt tag ta3' Inner sense 76-95 

4 PQ4 5'caa gca ccc tat cag gca gt3' Inner anti-sense 306-287 
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 During the centrifugation the new 1.5 ml micro tubes were labeled correspondingly and put 

500 µL Isopropanol in each tube. 

 Transferred the upper colorless aqueous phase carefully in new isopropanol containing tubes. 

 Inverted the tubes gently to mix and stored at room temperature for 10 minutes 

 Centrifuged the tubes for 10 minutes at 14000 rpm and removed the supernatant from the 

tubes carefully and see the white or gel like RNA pellet in the bottom or lower side of the 

tube  

 Added 900 µL 70% ethanol to wash the pellet and inverted the tubes to dissolve the pellet for 

proper washing. 

 Centrifuged the ethanol and pellet containing tubes for 5 minutes at 14000 rpm. 

 Removed the supernatant and air dried the pellet by placing the tubes at room temperature for 

10-15 minutes  

 Rehydrated the pellet in 20 µL RNA rehydration solution.  

 Stored the tubes on ice for 20-30 minutes 

 Used the RNA for amplification or stored it at -20 0C for the future use.    

 

3.2.3 Amplification of target sequence of HCV genome 

3.2.3.1 Optimization of the assay conditions 

Before analyzing the patient samples on a large scale, optimization of PCR protocol 

was done to maximize the sensitivity, specificity and reproducibility and to avoid the false 

negative and false positive results. The specificity of the reaction was increased by I) 

Optimization of dNTPs and primer concentration II) Optimizing the primers annealing 

temperature III) Optimizing the PCR cycle numbers. Sensitivity of the assay condition was 

established with standard positive controls. 
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3.2.3.2 Complimentary DNA (cDNA) synthesis with reverse transcription  polymerase 

chain reaction (RT-PCR) 

Complimentary DNA (cDNA) was synthesized using RT-PCR. For that 10 μL RNA 

isolated from the HCV infected patient’s samples was used. HCV RNA was converted to 

cDNA with 200 units of Moloney-murine leukemia virus reverse transcriptase enzyme (M-

MLV RT, Fermentas®) and 1μL of 5 Pmol outer antisense primers.  

 

3.2.3.3 RT-PCR Mixture preparation 

The following reagent concentrations were used for the preparation of an RT-PCR mixture 

according to the manufacturer’s instructions (Fermentas ®) with some modifications 

Reagent        Volume per reaction 

5X First Strand reaction buffer*     5μL 

dNTP mix (10 mM each)      2μL 

RevertAidTM  Reverse- Transcriptase (M-MuLV RT)  1μL (200U)  

Primer (PQ2, outer anti-sense)      1μL (5 Pmol)  

DEPC treated water                                                                  up to final volume of 10 μL 

*5X First Strand reaction buffer contained 50 mM DTT, 20 mM MgCl2, 250 mM Tris-HCl 
(pH 8.3), 250 mM KCl. 
 

Procedure 

For the preparation of cDNA 10μL of extracted RNA was added in labeled 0.2 mL 

PCR tubes containing 10μL RT-PCR mixture. The tubes were placed in thermal cycler block 

for the synthesis of cDNA using the following thermal conditions 

Temperature (0C)  Time   Description 

37    55 min   initial incubation    

95    5 min   heat inactivation of RT enzyme 

4    ∞   Hold temperature 
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The PCR tubes containing cDNA were short spin to concentrate the cDNA in the bottom of 

the tube and stored at -200C for further amplification.  

3.2.3.4 Amplification of cDNA by nested PCR 

Amplification of cDNA was done in two PCR rounds (Hemi-nested and Nested). In 

the first round (Hemi-nested) a large fragment 236 bps of the target sequence from HCV 

genome was amplified using a specific sense and anti-senses pair of primers (PQ1 and PQ2). 

Thermal cycler conditions were carefully optimized. Second round (Nested) was done with 

an internal pair of primers (PQ3 and PQ4) within the amplified fragment of first round, using 

other optimized thermal cycler conditions. Both positive and negative controls were included 

in each run to avoid the false negative or false positive ambiguity. 

3.2.3.5 First round PCR mixture preparation 

The concentration of different reagents used to prepare the first round PCR mixture is 
detailed below 

Reagent      Volume per reaction 

10X PCR buffer*     2μL 

dNTPs mix (100 μM each)    1μL 

MgCl2 (25 mM)     2.4μL                            

Primer (PQ1 outer sense)     1μL (10Pmol) 

Primer (PQ2 outer antisense)     1μL (10Pmol)  

Taq DNA Polymerase     0.2μL (5U/μL)  

DEPC treated water     up to final volume of 16μL 

*10X PCR buffer contained 500 mM KCl, 100 mM Tris-HCl (pH 8.8). 

Procedure 

16 μL of the first round PCR mix containing the reagent concentrations mentioned above was 

taken in corresponding 0.2 mL PCR tubes. Then 4μL of RT-PCR product (cDNA) was added 

in corresponding tubes. These tubes were placed in thermal cycler block for the amplification 



48 
 

of a selected 236 bps fragment from 5' UTR of the HCV RNA genome. For that the 

following thermal conditions were used.  

Temperature (0C)   Time   Description 

95    5 min  initial denaturation and enzyme activation 

94    40 Sec   denaturation 

54    40 Sec   primer annealing        35 cycles 

72    50 Sec   extension 

 72    10 min   final extension 
 4    ∞   hold temperature 

The PCR tubes containing first round amplified product were short spin to concentrate the 

DNA in the bottom and stored at -200C for further amplification.  

3.2.3.6 Second round PCR mixture preparation 

The second round PCR mix was prepared with the following reagents 

Reagent      Volume per reaction 

10X PCR buffer*     2 μL 

dNTPs mix (100 μM each)    1 μL 

MgCl2 (25 mM)     2.4 μL                            

Primer (PQ3 inner sense)    1 μL (10 Pmol) 

Primer (PQ4 inner anti-sense)    1 μL (10 Pmol)  

Taq  DNA Polymerase     0.2 μL (5U/μL)  

DEPC treated water     up to final volume of 18 μL 

*10X PCR buffer contained 500 mM KCl, 100 mM Tris-HCl (pH 8.8). 

Procedure 

For the second round of PCR 18 μL of a second round PCR mix containing the reagent 

concentrations mentioned above was taken in corresponding 0.2mL PCR tubes. The 2 μL 
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amplified product from the first round was added in corresponding tubes. These tubes were 

placed in thermal cycler block for the amplification of an inner fragment from the first round 

amplified sequence and the following thermal conditions were used: 

 

Temperature (0C)  Time    description 

95    05 min  initial denaturation and enzyme activation 

94    35 sec   denaturation 

52    35 sec   primer annealing     35 cycles 

72    45 sec   extension 

72    10 min   final extension 

4    ∞   Hold temperature 

After the completion of second round the PCR tubes were short spin to concentrate the 

products at the bottom  

3.2.3.7     2% Agarose gel preparation for electrophoresis 

 2 grams of agarose  powder was taken in 250 mL glass flask   

 Added 100 mL of 1% TAE (Tris-HCl, glacial acetic acid,  EDTA) buffer   

 Boiled in microwave oven to dissolve agarose completely in the buffer 

 Cooled the flask to 56 0C under tap water  

 Added  ethedium bromide (10 μg/mL) as fluorescent dye   

 Mixed gently to avoid any bubble in the gel and poured it into the gel tray, placed combs in 

the tray and polymerized at room temperature.  

Procedure 

Removed the combs from the gel and placed into the gel electrophoresis tank 

containing 1% TAE buffer. Added the loading dye (Xylene cyanol Bromophenol blue) in 

each tube containing the second round PCR products and loaded into the gel wells. Run the 

gel at 150 volts for 15 minutes according to the gel size.   
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3.2.3.8 Detection of nested PCR products 

The gels containing PCR products (second round) were analyzed on UV light and 

photographed. 100 bps DNA ladder (Fermentas®) was used as a DNA size marker to assess 

the specific size of amplified products. 

3.3 To establish an HCV genotyping assay  

Because of its differences in geographical distribution, disease outcome, and response 

to therapy the role of HCV genotyping in clinical practice to manage the antiviral therapy has 

become very essential. Before starting the therapy of HCV patients a reliable and cost 

effective genotyping assay was established using the protocol of the previously reported 

assay (Ohno et al., 1997). The assay was established in the core region of the HCV genome 

and includes two amplification rounds after the preparation of cDNA. In the first round with 

a pair of outer sense and anti-sense primers a large fragment from the core region of HCV 

genome was amplified. In the second round inner portion of the first round fragment was 

amplified using type specific primers. These primers were designed in this way that 

amplified product for a specific genotype had specific fragment size.  

In a previous study, two mixes in the second round were used. Each mix contained 

same universal sense primer (S7) and five type specific reverse primers. In the first mix they 

used S7, S2a, G1b, G2a, G2b, G3b primers specific for subtypes 2a, 1b, 2a, 2b, 3b and 

amplified product size was 139bp for subtype 2a, 234bp for 1b, 190bp also for 2a, 337bp for 

2b, and 176bp for 3b. In second mix S7, G1a, G3a, G4, G5a, G6a primers were used for the 

subtype 1a, 3a, 4, 5a, 6a and the amplified product size was 208bp, 232bp, 99bp, 320bp, and 

336bp for subtype 1a, 3a, 4, 5a, and 6a respectively. In the present study the conditions were 

optimized successfully with some modifications of said protocol by Ohno et al. (1997). In the 

previous assay the difficulty was to differentiate subtype 2a from 3b in first mix which had 

the amplified product size 190bp and 176bp respectively and 5a from 6a in second mix 

where the amplified product size was 320 and 336 bp respectively. On agarose gel it was 

difficult to differentiate these genotypes on the bases of their fragment sizes which were not 

so different in size and looked almost at the same position on the gel.  
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In the present study three types of mixes were prepared for the second type specific 

round. In the first mix primers S7, G1a, G2a and G3a for subtype 1a, 2a and 3a; in second 

mix S7, G1b, G2b, G3b for subtype 1b, 2b and 3b; in third mix S7, G4, G5a and G6a for 

subtype 4, 5a and 6a were used and the PCR conditions were optimized. In first mix 

amplified product size for subtype 1a, 2a and 3a was 208, 139 and 232 bps; in second mix 

234, 337 and 176 bps for subtypes 1b, 2b and 3b respectively and in third mix the amplified 

product size for subtype 4, 5a and 6a was 99, 320 and 336 bps respectively (Fig-4.2). In this 

way first the conditions were improved to differentiate the subtypes easily on agarose gel 

because of well differentiated sizes of different genotype’s amplified fragment. Secondly, by 

the use of a small number of primers (four in each mix instead of six) condition optimization 

was easy.  

The second round amplified products were run on 2.5% agarose gel stained with 

ethedium bromide. The gel was analyzed on UV light. HCV subtypes were differentiated on 

the bases of amplified fragment size comparing with 100 bps DNA ladder marker (Fig-4.2). 

To optimize the conditions positive controls specific for different genotypes were used. In 

this study 4981 HCV RNA positive samples detected by RT-PCR were included. Samples 

were collected from different areas of the province of Punjab, Pakistan. HCV RNA positive 

cases were reconfirmed on real-time PCR using different commercially available HCV RNA 

detection kits (QIAGEN, Aj-Roboscreen and AmpliSense), which were helpful for designing 

and optimization of specific primers for genotyping.  

3.3.1 HCV RNA Extraction for HCV genotyping 

HCV RNA was extracted from 250μL serum samples using TRI Reagent RNA 

isolation kit (TRI REAGENT-LS, TS 120, by the Molecular Research Centre, USA) 

according to the kit protocol with little modification as described earlier in the HCV RNA 

qualitative assay (3.2.2).  
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3.3.2 Amplification of target sequence for genotyping from the core region of     

HCV genome  

3.3.2.1  Genotyping condition optimization 

 With the type specific primers reported before (Ohno et al., 1997) genotyping 

conditions were optimized carefully. First the extracted RNA was converted to cDNA using 

reverse primer Ac2. To optimize the conditions different concentrations of reagents were 

used and assessed repeatedly to get the proper concentration of the reagents. Annealing 

temperature was also carefully optimized. Then amplification of large fragment from the 

entire core region of HCV genome was done in the first round with Sc2 and Ac2 outer sense 

and outer antisense primers respectively. In the second nested PCR round entire portion of 

first round product was amplified using type specific primers. Second round’s PCR products 

were analyzed on agarose gel using 100bp DNA ladder marker (Fig-4.2). 

 

3.3.2.2 Complementary DNA (cDNA) synthesis with reverse transcription polymerase 

 chain reaction (RT-PCR) for HCV genotyping 

Complementary DNA was synthesized using the RT-PCR specific for HCV 

genotyping. Except primer, all the other reagents were same as described before (3.2.3.2).  

3.3.2.3  Amplification of cDNA by multiplex PCR 

The cDNA was amplified in two PCR rounds. In first round a pair of primers specific for the 

amplification of the outer large fragment from the core region of HCV genome was used. 

The second amplification round was performed with the type specific primers for different 

HCV genotypes. 

3.3.2.4 First round PCR mixture preparation 

For the preparation of a first round PCR mixture the following concentration of different 

reagents were used 
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Reagent     Volume per reaction 

10X PCR buffer*    2μL 

dNTPs mix (100 μM each)   1 μL 

MgCl2 (25 mM)    2.4 μL                            

Primer (Sc2 outer sense)   1μL (10 Pmol) 

Primer (Ac2 outer antisense)   1μL (10 Pmol)  

Taq  DNA Polymerase    0.2μL (5U/μL)  

DEPC treated water    up to final volume of 16 μL 

*10X PCR buffer contained 500 mM KCl, 100 mM Tris-HCl (pH 8.8). 

Procedure 

In this round of the genotyping assay, 16 μL mix containing the reagent concentrations 

mentioned above was taken in 0.2 mL PCR tubes and 4 μL of RT-PCR product (cDNA) was 

added in corresponding tubes. These tubes were placed in thermal cycler block for the 

amplification of a selected large fragment from the core region of the HCV genome. The 

PCR machine was run using the following temperature conditions.  

Temperature (0C)  Time   description 

95     3 min     initial denaturation and enzyme activation  

94    50 Sec   denaturation 

56    40 Sec   annealing            35 cycles 

72    50 Sec   extension 

72    10 min   final extension 

4    ∞   hold temperature 

After the completion of the first round the tubes containing first round DNA product were 

spun to concentrate the product at the bottom of the tube and stored at -200C for further 

amplification.  
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3.3.2.5 Second round (type specific) PCR mixture preparation 

Three types of mixes (Mix-1, Mix-2 and Mix-3) were prepared. Mix-1 contained S7, 

G1a, G2a, G3a primers, Mix-2 S7, G1b, G2b, G3b, and Mix-3 S7, G4, G5a, G6a as described 

before (Ohno et al., 1997) with some rearrangement as detailed before in previous section 

(3.3).  The other reagent concentration used in each mix was same as detailed bellow. 

Reagent     Volume per reaction 

10X PCR buffer*    2μL 

dNTP mix (100 μM each)   1μL 

MgCl2 (25 mM)    2.4μL                            

Primers (S7 and three type-specific primers) 0.5μL (10Pmol) of each primer 

Taq  DNA Polymerase    0.2μL (5U/μL)  

DEPC treated water    up to the final volume of 18μL 

*10X PCR buffer contained 500 mM KCl, 100 mM Tris-HCl (pH 8.8) 

Procedure 

For the second round PCR 18μL of the mix containing the reagent concentrations 

mentioned above was taken in 0.2 mL PCR tubes according to the sample numbers. 2μL of 

the first round PCR product from each tube was added in three tubes labeled as Mix-1, Mix-2 

and Mix-3 correspondingly. These tubes were placed in thermal cycler block for the 

amplification of an inner type specific fragment. The temperature conditions of the PCR 

machine for the second round were used as follows 

 

Temperature (0C)  Time   description 

95    03 min          initial denaturation and enzyme activation 

94    45 Sec   denaturation 

52    40 Sec   annealing               35 cycles 

72    01 min   extension 

72    10 min   final extension 

4    ∞   hold temperature 



55 
 

3.3.2.6 Detection of type specific PCR products 

Type specific PCR products (second round) were run on 2.5% agarose gels stained 

with ethedium bromide. Gels were prepared as mentioned earlier (3.2.3.7). All the products 

of three mixes were run with 100 bps DNA ladder ready to use marker (Fermentas®). Gels 

were analyzed on UV light and photographs were taken. The HCV genotype for each sample 

was determined by identifying the genotype specific band size (Fig-4.2). 

 

3.4 Treatment response determination in HCV infected patients 

3.4.1 Study Design 

This study was conducted from August 2009 to January 2013. A total of 520 patients 

willing to take part in the study and provided all the required information were included in 

the present study. 325 participants who showed the end of therapy response (ETR) were 

followed up for one year after the termination of therapy to see the virological sustained 

response (SVR). Pre-treatment HBV vaccination was started to all the HCV infected patients 

who were negative for HBsAg (by ELISA) to reduce the chances of co-infection of HBV. 

Treatment was given under qualified Gastroenterologist and Hematologist at Shalamar 

hospital, which is well known teaching hospital and medical & dental college in Lahore, 

Pakistan. 

3.4.2 Patient Selection 

Patients with age range 10-60 years and never received Interferon therapy before and 

who were HCV RNA positive by polymerase-chain-reaction (PCR) were included in this part 

of the study. Pre-treatment data (Address, contact number, family status, age, sex, previous 

investigations) were taken. All the patients were anti-HCV positive by ELISA and infection 

was confirmed by HCV RNA detection. Pre-treatment ALT level, HCV genotyping, and 

HCV RNA quantification was done. 
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3.4.3 Exclusion criteria 

            The patients co-infected with HBV or HIV were excluded from the study to see the 

therapy response only in HCV positive patients. The patients with thrombocytopenia (less 

than 50,000 platelets per cubic millimeter), anemia (lower than 10g of hemoglobin per 

deciliter in women and lower than 11g per deciliter in men) and those who had active TB 

disease were excluded from the study. All the patients who had decompensate liver disease 

and serum creatinine level more than 1.5 times the upper limit of normal level were also 

excluded. The patients with poorly controlled psychiatric or diabetes disease also excluded 

from the study.    

3.4.4 Treatment 

Patients were divided into two groups. In first group those patients infected with HCV 

genotypes other than 1 (1a, 1b) and 4 were included and in the second group, patients 

infected with genotype 1 (1a, 1b) and 4 were taken. First group patient’s received 3MU 

recombinant Interferon alpha 2b (IFNα-2b) thrice a week plus Ribavirin (RBV) (1000 

mg/day in patients under or equal to 75kg body weight or 1200 mg/day above 75kg body 

weight into two divided doses daily) for a total of 24 weeks. In second group treatment was 

same but extended to 48 weeks.  

3.4.5  Diagnostic Criteria  

HCV infection was confirmed with anti-HCV antibodies detection on automated 

immunodiagnostic system (VITROS ECi, S/N 30000928, USA). Current infection was 

confirmed by HCV RNA detection using RT-PCR (nested PCR). ALT, Hemoglobin and the 

platelet count were seen before treatment and monitored during the therapy period. 

Quantification or viral load detection was done by real-time PCR. To see the sustained 

response all the end of therapy responders were followed up for one year after the end of 

therapy, where the ALT level and HCV qualitative PCR to see the HCV RNA recurrence was 

done after every three months. Pretreatment HCV genotyping was compulsory to decide the 

treatment duration. 
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3.4.6 Viral load detection at different stages of the therapy 

3.4.6.1 Baseline viral load (BVL): The amount of Hepatitis C virus (HCV RNA) in the 

patient’s blood was measured at day zero to see the effect of baseline viral load on treatment 

response efficacy.  

 3.4.6.2 Early viral load detection (EVL):  To see the early viral response (EVR) the viral 

load was measured at week-4. The patients who become HCV RNA negative at this stage of 

treatment were predicted to achieve complete viral cure at the completion of therapy. 

However the patients who become HCV RNA negative at this stage were not meant to be 

cured completely that was also mentioned earlier (Ferenci et al., 2005). The treatment was 

complete according to the standard treatment protocol in all the patients.  

3.4.6.3 Middle of therapy viral load detection (MTVL): Here the viral load was measured in 

the middle of therapy (at week-12 in genotype 2 & 3 and at week-24 in genotype 1 & 4) to 

see the response of treated patients at this stage. In previous studies it was noted that the 

patients who become negative or drop their viral load more than 2 logs from the baseline 

quantity at this stage have more chance to whip out the virus from their bodies completely 

(Ghany et al., 2009).  

3.4.6.4 End of therapy viral load detection (ETVL): At the end of therapy the viral load was 

measured (at week-24 in genotype 2 and 3 and at week-48 in genotype 1 & 4) to see the 

patient’s response at this stage which was referred as end of therapy response (ETR).  

 

3.4.7 Viral Load detection by Real-time PCR 

To monitor the treatment response viral load detection was done by a new sensitive 

technique Real-time PCR. Real-time is a Polymerase Chain Reaction technique and playing a 

keystone role these days both in diagnosis and research of recent molecular biology all over 

the world. It is a modified form of the conventional Polymerase Chain Reaction that 

maximizes the potential of the technique and is the marvelous addition for the molecular 

biologist’s toolboxes. It is more sensitive and rapid method of detection and quantification 
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that can detect the amplified products during the early phases of the PCR reaction. Measuring 

the kinetics of the reaction in the early stages of the reaction provides a distinct advantage to 

Real-time PCR over traditional PCR detection. Traditional methods use Agarose gels for 

detection of PCR amplification at the final phase or endpoint of the PCR reaction, while the 

Real-time machines have fluorescence detectors which detect the amplified product attached 

by specific fluorescence dye of the probes. Additionally with the use of Real-time PCR, 

measurement of HCV viral load or HCV RNA quantity is done accurately as compared to 

conventional method and it plays an important role to see the treatment response at different 

stages of the treatment.    

To monitor the treatment response in the present study we also used the Real-time 

PCR technique for the measurement of viral load using commercially available HCV RNA 

Real-time amplification kit (Robogene® HCV RNA quantification kit: AJ ROBOSCREEN 

Germany). The detection limit of the kit was <100 IU/mL or <200 copies/mL. For that HCV 

RNA was isolated by column based, Roboscreen RNA isolation kit (Instant virus RNA kit: 

AJ Roboscreen Germany). Protocol of the HCV RNA isolation kit was used with some 

modifications as briefed below. 

3.4.7.1 HCV RNA extraction by AJ Roboscreen RNA isolation column based kit 
 

 Labeled the 1.5 mL extraction tubes according to the samples and added 450 µL lysis 

solution RL in each tube. 

 Added 150 µL samples correspondingly and mixed well by pulsed vortexing for15 seconds 

and incubated at room temperature for 15 minutes. 

 The tubes were vortexed 2-3 times during incubation and centrifuged shortly to remove the 

condensate from the lid of the tube and added 600 μL binding solution RBS to the lysed 

sample and mixed by vortexing for 20 sec to get homogeneous solution. 

 Applied 650µLof the sample to the spin filter located in a 2mL receiver tube, closed the cap 

and centrifuged at 12,000 rpm for one min. Discarded the receiver tube and repeated step 4 

placing new 2 mL receiver tube for the remaining sample.   

 Added 500 µL washing solution HS in the spin filter and centrifuged at 12,000 rpm for 1 

min. 
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 Discarded the receiver tube with the filtrate and placed the spin filter into a new 2 mL 

receiver tube. 

 Added 650 µL washing solution (LS) and centrifuged at 12,000 rpm for 1 min. 

 Discards the receiver tube with filtrate and placed the spin filter in new 2 mL receiver tube. 

Centrifuge at 13,000 rpm for 5 minutes and discarded the 2 mL receiver tube. 

 Placed the spin filter into a 1.5mL elution tube and added 40µLRNase free water into spin 

filter. Incubated at room temperature for 5 minutes. 

 Centrifuged at 8000 rmp for 1 min and discard the spin filter 

 Vortexed and short spin the elution tubes containing RNA and stored at -200C temperature 

for further processing.  

3.4.8 Amplification of HCV RNA by Real-time PCR 

For amplification and quantification the isolated HCV RNA was amplified using the 

commercially available HCV RNA quantitative real-time PCR amplification kit (Robogene® 

HCV RNA quantification kit: AJ ROBOSCREEN, Germany). Real-time PCR conditions 

were optimized according to the kit protocol on MiniOpticonTM Real-time PCR system 

containing CFX ManagerTM software for amplification and quantification (Bio-Rad, USA). 

The kit had both reverse transcriptase and Taq DNA polymerase enzymes which synthesized 

cDNA and amplified it simultaneously. It also includes fluorescent dye, which was linked to 

oligo-nucleotide probes and binds specifically to the amplified product. Thermal conditions 

were used as follows. 

 
Steps     Temperature (0C) Time (minutes)   Cycles 

Reverse transcription   55    30        1 

Taq activation    95    2        1 

Annealing/synthesis   57                      1 

Melting    95    0:30                  45            

Stem formation and 
florescence detection   45    0: 30 
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3.5 Assessment of genetic variations in HCV genotype 3a and its 
correlation with treatment response 

3.5.1 Sample selection 

In this part of the study a total of 150 samples of HCV genotype 3a infected patients 

were selected. Out of 150 samples 100 were taken before therapy (50 from responding and 

50 non-responding patients) and 50 at the end of therapy from non-responding patients (Fig-

3.1). All the patients were chronically infected with HCV subtype 3a and had no previous 

antiviral treatment history. The selection of subtype 3a was based on its high rate of 

prevalence (60-80%) in the study area. Patients were originated from different areas of the 

province Punjab of Pakistan.  

 

 
 

3.5.2 Amplification of target sequences (E21800-2032 and E22203-2482) (codon 506-

564 & codon 622-714 ) from the E2 gene of HCV subtype 3a genome 
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3.5.2.1  Primer designing 

Two sets of primers were designed for PCR amplification of two targeted sequences 

(E21800-2032 and E22203-2482) (codon 506-564 & codon 622-714 ) selected from an E2 region of 

HCV subtype 3a according to the HCV-3a prototype HCV-NZL1 (Accession number 

NC_009824) using Primer3 software (http://bioinformatics.weizmann.ac.il/cgi-

bin/primer/primer3.cgi) (Table-3.2). First set of primers includes two pairs HVE2A, HVE2B 

and HVE2C, HVE2D for the amplification of the E21800-2032 region. The first pair 

(HVE2A, HVE2B) of primers was designed to amplify a long DNA fragment in the first 

PCR round and the second pair (HVE2C and HVE2D) was to amplify the inner portion (our 

required sequence) of the first round DNA fragment. Similarly for the second selected region 

(E22203-2482) two other pairs of primers were designed including an outer and an inner pair 

(PE2A, PE2B and PE2C, PE2D) for the amplification of outer long and its inner fragment 

(our required sequence) respectively (Table-3.2). 

 

Table: 3.2 Primer sequences used to amplify the selected sequences from E2 region of 

HCV-NZL1 (Accession number NC_009824) 

Primer  

Number 

Primer 

Name 

Primer Sequence (5'-3') Specification Nucleotide 

 Position 

 Primers for E21800-2032 region (codon 506-564) 

1 HVE2A 5' gct gca agc cca tca ctt tc 3' Outer sense 1712-1731 

2 HVE2B 5' acg tgg tct cgg gat gtt tc 3' Outer anti-sense 2137-2118 

3 HVE2C 5' ctg gca cta cgc acc tag ac 3' Inner sense 1800-1819 

4 HVE2D 5' acg tct tga gaa acc ccg tg 3' Inner anti-sense 2032-2013 

Primers for E22203-2482 region (codon 622-714 ) 

1 PE2A 5' cat ccc gag acc acg tac ag 3'   Outer sense 2122-2141 

2 PE2B 5' cat cag cat cag cca aag gg 3'   Outer anti-sense 2577-2558 

3 PE2C 5' tgg cat tac cca tgt aca gtc 3' Inner sense 2203-2223 

4 PE2D 5' tgc cag atc caa cgc cat aa 3' Inner anti-sense 2482-2463 
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3.5.2.2 HCV RNA Isolation  

HCV RNA was isolated from 250μL serum samples using an RNA isolation kit 

(TRI REAGENT-LS, TS 120, by the Molecular Research Centre, USA) with little 

modifications in the kit protocol as described earlier (section 3.2.2). 

 

3.5.2.3 Amplification of the first selected region (E21800-2032) (codon 506-564) 

3.5.2.3.1 Complimentary DNA (cDNA) synthesis 

HCV RNA was converted to cDNA by RT-PCR using 200 units of M-MLV RT 

enzyme and 1M of outer antisense primer (HVE2B). For that 10 L of isolated RNA from 

the sample was used. 

3.5.2.3.2 RT-PCR Mixture preparation 

The following reagent concentrations were used for the preparation RT-PCR mixture 

according to the manufacturer’s instructions (Fermentas®) with some modifications 

Reagent       Volume per reaction 

5X First Strand reaction buffer*    5μL 

dNTPs mix (10 mM each)     2μL 

RevertAidTM  Reverse-     1μL(200U)  

Transcriptase (M-MuLV RT) 

Primer (outer anti-sense, HVE2B)    1μL (5 Pmol)    

DEPC treated water      up to the final volume of 10 μL 

*5X First Strand reaction buffer contained 50 mM DTT, 20 mM MgCl2, 250 mM Tris-HCl 

(pH 8.3), 250 mM KCl. 

Procedure 

10μL of the extracted RNA was added corresponding in 0.2 mL PCR tubes already 

containing 10 μL RT-PCR mixes as prepared above. The tubes were placed in thermal cycler 
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block (Thermo Hybaid, PCR express Gradient, HB-PX-MAN, USA) for the synthesis of 

cDNA using following thermal conditions 

 

Temperature (0C)  Time   description 

40    55 min   initial incubation    

95    5 min   heat inactivation of RT enzyme 

4    ∞   hold temperature 

The PCR tubes containing cDNA were spun after the completion of the reaction to 

concentrate the cDNA in the bottom and stored at -20 0C for further amplification.  

3.5.2.3.3 Amplification of cDNA by nested PCR 

For the amplification of cDNA two PCR rounds (hemi-nested and nested) were 

applied. In the first round (Hemi-nested) large fragments of 426 bps from E2 of the HCV 

genome was amplified with outer sense (HVE2A) and outer anti-sense (HVE2B) primers as 

demonstrated in table-3.2. Thermal cycler’s conditions were carefully optimized. In the 

second round (nested) inner portion (target sequence E21800-2032) of 233 bps from the first 

round amplified sequence was amplified with an internal pair of primers (HVE2C and 

HVE2D) by another optimized thermal cycle steps.  

 

3.5.2.3.4 First round PCR mixture preparation 

The first round PCR mix was prepared using the concentration of different reagents as 

arranged below 

Reagent      Volume per reaction 

10X PCR buffer*     2μL 

dNTP mix (100 μM each)    1 μL 

MgCl2 (25 mM)     2.4 μL                            

Primers (outer sense HVE2A)    1μL (10 Pmol) 

Primers (outer anti-sense HVE2B)   1μL (10 Pmol)  
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Taq  DNA Polymerase     0.2μL (5U/μL)  

DEPC treated water     up to the final volume of 16 μL 

 

*10X PCR buffer contained 500 mM KCl, 100 mM Tris-HCl (pH 8.8). 

 
Procedure 

In the first round of PCR 16 μL of the first round PCR mix containing the reagent 

concentrations mentioned above was taken in corresponding 0.2 mL PCR tubes. Then 4 μL 

of RT-PCR product (cDNA) was added in corresponding tubes. These tubes were placed in 

thermal cycler block (Thermo Hybaid, PCR express Gradient, HB-PX-MAN, USA) for the 

amplification of a selected fragment from E2 of HCV RNA genome. For that following 

thermal conditions were used  

Temperature (0C)  Time   description 

95    5 min  initial denaturation and enzyme activation  

94    45 Sec   denaturation 

54    45 Sec   primer annealing        35 cycles 

72    50 Sec   extension 

72    10 min   final extension 

4    ∞   Hold temperature 

At the end of the round the PCR tubes with first round amplified DNA product were short 

spun and stored at -200C temperature.  

3.5.2.3.5 Second round PCR mixture preparation 

To amplify the inner portion of the first round amplified product, the second round PCR 

mixture was prepared using the following concentrations of different reagents.  

Reagent     Volume per reaction 

10X PCR buffer*    2 μL 

dNTP mix (100 μM each)   1 μL 

MgCl2 (25 mM)    2.4 μL                            
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Primer (inner sense, HVE2C)   1 μL (10 Pmol) 

Primer (inner anti-sense, HVE2D)  1 μL (10 Pmol)  

Taq  DNA Polymerase    0.2 μL (5U/μL)  

DEPC treated water    up to final volume of 18 μL 

*10X PCR buffer contained 500 mM KCl, 100 mM Tris-HCl (pH 8.8). 

 

Procedure 

For the second round PCR 18 μL of the second round PCR mix containing the 

reagent concentrations mentioned above was taken in corresponding 0.2 mL PCR tubes. 

Then 2 μL of first round PCR product was added in corresponding tubes. These tubes were 

placed in thermal cycler block (Thermo Hybaid, PCR express Gradient, HB-PX-MAN, USA) 

for the amplification of an inner fragment of the first round fragment. Following thermal 

conditions were used for the amplification 

Temperature (0C)  Time   description 

95    05 min            for initial denaturation and enzyme activation  

94    35 Sec   denaturation 

52    35 Sec   annealing  35 cycles 

72    45 Sec   extension 

72    10 min   final extension 

4    ∞   hold temperature 

Then the PCR tubes containing second round DNA product were spun to concentrate the 

DNA in the bottom of the tube.   

3.5.2.3.6 Detection of nested PCR products 

Second round amplified products were run on 2% agarose gel prepared with 1X TAE 

buffer and stained with ethedium bromide. The gel was prepared as described before 

(3.2.3.7). All the products were run with 100 bp DNA ladder ready to use marker 
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(Fermentas®) to assess the specific bands of our interest (233bps). The gel was analyzed on 

UV light.  

3.5.2.4 Amplification of the second selected region (E22203-2482) 

3.5.2.4.1 Complimentary DNA (cDNA) synthesis 

The cDNA was prepared by RT-PCR as explained before (3.5.2.3.1) only using a 

different outer antisense primer (PE2B) designed for the amplification of second selected 

fragments (E22203-2482). The concentration of other reagents was same. 

3.5.2.4.2 Amplification of cDNA by nested PCR 

The cDNA was amplified in two PCR rounds (hemi-nested and nested) as discussed 

before (3.5.2.3.3)  In the first round a large fragment of 456 bps from the E2 gene of the 

HCV genome was amplified with outer sense (PE2A) and outer anti-sense (PE2B) primers as 

demonstrated in table-3.2. Thermal cycler’s conditions were carefully optimized. In the 

second round inner portion (target sequence E22203-2482) of 280 bps from the first round 

amplified sequence was amplified by an internal pair of primers (PE2C and PE2D) using 

other optimized thermal steps.  

3.5.2.4.3 First round PCR mixture preparation 

The first round PCR mix was prepared using the same concentration of different 

reagents as discussed before (3.5.2.3.4) only different pair of primers including outer sense 

(PE2A) and outer anti-sense (PE2B) was used.  

3.5.2.4.4 Thermal conditions used in the first round 

Temperature (0C)   Time   description 

95    5 min      initial denaturation and enzyme activation  

94    50 Sec   denaturation 

52    50 Sec   primer annealing          35 cycles 

72    55 Sec   extension 
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72    10 min   final extension 

4    ∞   Hold temperature 

3.5.2.4.5 Second round PCR mixture preparation 

For the preparation of the second round PCR mix the same concentration of different 

reagents was used as explained earlier (3.5.2.3.5) except a different pair of primers including 

outer sense (PE2C) and outer anti-sense (PE2D) was used.  

3.5.2.4.6 Thermal conditions used in the first round 

Temperature (0C)  Time   Description 

95    05 min     initial denaturation and enzyme activation  

94    40 Sec   denaturation 

50    40 Sec   primer annealing      35 cycles 

72    45 Sec   extension 

72    10 min   final extension 

4    ∞   hold temperature 

 

3.5.2.4.7 Detection of nested PCR products 

The amplified products of second round PCR were run with 100 bp DNA ladder 

ready to use marker (Fermentas®) on 2% agarose gel stained with ethedium bromide. The gel 

was prepared as described before (3.2.3.7). After the electrophoresis the gel was analyzed on 

UV light.   
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3.6 Sequence Analysis 
 
3.6.1   Purification of second round PCR products from the gel (Template preparation 

for sequencing)  

For direct sequencing of the E2 amplified regions of HCV subtype 3a isolates. The 

second round PCR positive products were run on an agarose gel as described before (3.2.3.7) 

and purified with the kit (QIAGEN, Valencia, California) according to kit protocol with little 

modification as given below 

 Specific bands (233 and 280 bps of E21800-2032 and E22203-2482) from the gels of second round 

PCR products were taken with sterilized surgical blade and put in 1.5 mL extraction tube. 

 Short spun to estimate the agarose quantity. 

 Added 3 volumes of QG buffer. 

 Place the tubes at room temperature for 10 minutes to allow agarose to dissolve. 

 Passed the mix on column and spun down for 1 minute at 12000 x g. 

 Added 500 μL of QG buffer and spun for one minute. 

 Added 750 μL PE buffer and spun for one minute. 

 Placed the column in the new extraction tube, added 40 μL distilled water and incubated at 

room temperature for one minute. 

 Spun for one minute at 12000 x g. 

 Added the eluted DNA on the column again and spun down for 1 minute at 12000 x g. 

 Again run the purified DNA on 2% agarose gel with 100 bp Ladder DNA marker to see the 

purified products. 

 Amount of purified DNA was quantified by measuring the absorbance at 260 nm using 

spectrophotometer. 

3.6.2 Sequencing PCR for E2 regions 

The purified DNA was used as a template for sequencing PCR. Sequencing PCR products 

were analyzed by automated sequencer (ABI PRISM 3100 genetic analyzer; Applied 
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Biosystem) using the Big-Dye Terminate cycle sequencing ready to use reaction kit. The 

product was sequenced to get the nucleotide sequence of the amplified products. 

 

3.6.2.1 Preparation of sequence reaction mixture 

 For single reaction following quantity of the reagents was used 

Reagent      Quantity 

Terminator ready reaction mix   8 μL 

DNA template (2 ng/ μL)    4 μL 

Primer (5 pM; forward or reverse)   1 μL 

Deionized dH2O     7 μL 

Placed the reaction tubes in thermal cycler block (Thermo Hybaid, PCR express Gradient, 

HB-PX-MAN, USA) and set the volume to 20μL and run the following cycling profile 

Temperature (0C)  Time   description 

96    01 min   preheated  

96    10 Sec   denaturation 

54    35 Sec   annealing     35 cycles 

60    04 min   extension  

4    ∞   Hold temperature 

3.6.2.2 Purification of PCR products by Ethanol preparation method 

Purification was done as follows 
 

 Short spun the tubes to spin down the contents of the reaction. 

 Added 16 μL of dH2O and 64 μL of non-denatured 95% ethanol closed the tubes and 

vortexed shortly to mix. 

 Placed the tubes at room temperature for 20 minuts to precipitate the extention products and 

centrifuged for 20 minutes at 13000 rpm. 
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 Discarded the supernatant and added 250 μL of 70% Ethanol in each tube and mixed with 

vortexing shortly. 

 Centrifuged for 10 minutes at 13000 rpm and discarded the supernatant with care. 

 Placed the opened tubes at dark room temperature to air dry the pellet for 10 minutes. 

 Rehydrated the pellet in 15μL formamide and mixed well with pipetting and kept in dark at 

room temperature for 15 min. 
 

3.6.2.3 Electrophoresis 

  First the samples were heat denatured at 950C for 5 minutes in thermal cycler and 

immediately put on ice for 5 minutse.  

 The sequenced samples were electrophoresed with BigDye terminator on ABI PRISM 3100 

instrument that was equipped with required modules and dye set/ primer files. 

The deduced amino acid sequences of the E2 region were compared with the E2 sequences 

identified in the prototype isolates for HCV-3a (NZL1). 
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Chapter-4 

RESULTS AND DISCUSSIONS 

4.1 Distribution of different HCV genotypes and their possible source of 
infection 

A total of 4981HCV RNA positive blood samples received from the HCV infected 

patients including 2187 females and 2794 males were genotyped by in-house multiplex PCR 

as discussed before in chapter-3 (3.3). The age range of the patients was 2-70 years both in 

females and males with mean age 36±6 years, median 35.5 and mode 40. The patients 

included in this study belong to different areas of province Punjab of Pakistan. The patient 

information including age, sex, address, and contact number was taken. The previous history 

of blood or blood product transfusions, surgery (dental, general or gynecological), visit to 

barber for shaving, any injection, tattooing/piercing and the history of the patient’s foreign 

tour was registered. The inter family HCV infection history was also taken to investigate the 

possible source of HCV infection and to evaluate its gender and age wise distribution. 

In the present study specific genotype or subtype was identified in 4528 (90.90%) out 

of 4981 HCV RNA positive samples (Fig-4.2). In 252 (5.06%) samples the HCV remained 

unclassified, while in 201 (4.04%) more than one genotype were identified. All the data 

collected regarding HCV genotypes is illustrated in table-4.1. 

As revealed in table-4.1 and fig-4.3, genotype 3 was the most prominent type among 

the HCV infected patients (68.10%). Second and third most common genotypes were 1 and 2 

(14.66% and 5.76%), while the percentage of genotype 4 was 2.31%. The presentation of 

genotype 5 and 6 was very low (0.06% and 0.02% respectively) in the present study. Among 

the HCV subtypes, the most common subtype was found 3a (47.80%) followed by 3b, 1a, 1b, 

2a, and 2b (20.30%, 9.13%, 5.52%, 4.62% and 1.14% respectively).  

The percentage of genotype 1 was significantly higher in males as compared to 

females (16.93% vs 11.75%) (P<0.005). The ratio of genotype 3, 4, 5 and 6 was also on the 
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higher side in males (69.86%, 2.93%, 0.07% and 0.04% respectively) than females (65.84%, 

1.51%, 0.05% and 0% respectively). However, the situation in genotype 2, mixed and 

untypeable genotypes was contrasted where the percentage of these types were significantly 

higher in females (7.36%, 6.13% and 7.63% respectively) than males (4.51%, 2.40% and 

3.26% respectively) (Fig-4.3). The same situation was present in their subtypes (Table-4.1). 

In mixed genotypes mostly the subtype 3a was seen associating with other subtypes. 

As demonstrated in table-4.2, the subtype 3a was seen frequently with 3b and 2a (32.84% 

and 20.40%). Subtypes 1a and 1b were also seen with 3a (17.41% and 9.45%). The 

proportion of genotype 4 was less common (1.99%) in mixed genotypes showing 

combination only with 3a. No combination of subtype 5a and 6a was observed with any other 

subtype. It was also important to note that percentage of mixed genotypes was higher in 

females as compared to males (66.67% vs 33.33%) (P<0.005).   

The probable source of HCV transmission was observed in 71.22% HCV infected 

patients. The probable modes of transmission were observed 22.28% due to dentists, 11.16% 

due to barbers, 20.14% due to general or gynecological surgery, 11.46% due to infected 

family members, 4.28% due to blood or blood product transfusion and 1.89% were due to 

piercing or tattooing. In 28.78% infected patients the source of HCV transmission was 

unclear and they were still sporadic. All the results regarding probable source of HCV 

transmission are depicted in table-4.5. 

A total of 19.17% HCV patients infected with different HCV genotypes had foreign 

tour history out of those 12.83% were males and 6.34% females. Including 5.52% males and 

3.53% females a total of 451 (9.05%) patients had a Middle East tour history, while 504 

(10.12%) had Europe or USA tour history including 364 (7.31%) males and 140 (2.81%). 
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                    P= positive control, 1-7= sample numbers, M= 100 bp Ladder DNA marker,  
 N= Negative control  

 
    Fig-4.1 Second round HCV qualitative PCR products on 2% agarose gel 

 
 
 
 
 
 
 
                                                                                      

                           
              
Gel-1       Gel-2 
                  
M=100 bp DNA Ladder marker     M=100 bp DNA Ladder marker 
 
Mix-1 (products)                               Mix-3 (products) 
1= 208 bp specific band (1a)     8  = 99 bp specific band (4) 
2= 139 bp specific band (2a)     9  = 320 bp specific band (5a) 
3= 232 bp specific band (3a)                                                       10= 336 bp specific band (6a) 
 
Mix-2 (products)                             
 4= 234 bp specific band (1b)     11-13 = no specific band (untypeable) 
 5= 337 bp specific band (2b)     N = Negative control 
 6= 176 bp specific band (3b)  
 N= Negative control 

 
 
Fig-4.2 Demonstration of different size bands specific for different HCV subtypes on 

2.5% agarose gels 
 
 

      P     1         2         3      M        4        5         6       7         N 

231 bp fragment 

   M     1      2     3     M     4     5      6     N     M    M     8      9     10     M   11    12    13    N    M 
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Table-4.1 HCV major genotypes and subtypes 

 
 
Table-4.2  HCV mixed subtypes 
Mixed subtypes Females Males Total 
3a & 3b 49(36.57%) 17(25.37%) 66(32.84%) 
3a & 2a 31(23.13%) 10(14.93%) 41(20.40%) 
3a & 2b 13(9.70%) 7(10.45%) 20(9.95%) 
3a & 1a 19(14.18%) 16(23.88%) 35(17.41%) 
3a & 1b 10(7.46%) 9(13.43%) 19(9.45%) 
3a & 4 1(0.75%) 3(4.78%) 4(1.99%) 
2a & 1a 3(2.24%) 3(4.78%) 6(2.99%) 
2a & 2b 8(5.97%) 2(2.99%) 10(4.98%) 
Total 134(66.67%) 67(33.33%) 201(100%) 
 

 

 

Fig-4.3 Presentation of HCV major genotypes 

 

Geno 1 Geno 2 Geno 3 Geno 4 Geno 5 Geno 6 untypeables Mixed Geno

Females (n=2187) 11.75% 7.36% 65.84% 1.51% 0.05% 0% 7.63% 6.13%

Males (n=2794) 16.93% 4.51% 69.86% 2.93% 0.07% 0.04% 3.26% 2.40%

Total (n=4981) 14.66% 5.76% 68.10% 2.31% 0.06% 0.02% 5.06% 4.04%

0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
80.00%

%
 A
ge

Major 
genotypes 

Subtypes Females Males Total 
 

1 1a 169(7.73%) 286(10.24%) 455(9.13%) 

1b 88(4.02%) 187(6.69%) 275(5.52%) 
2 2a 138(6.31%) 92(3.29%) 230(4.62%) 

2b 23(1.05%) 34(1.22%) 57(1.14%) 
3 3a 985(45.04) 1396(49.96%) 2381(47.80%) 

3b 455(20.80%) 556(19.90%) 1011(20.30%) 
4 4 33(1.51%) 82(2.93%) 115(2.31%) 
5 5a 1(0.05%) 2(0.07%) 3(0.06%) 
6 6a 0(0.00%) 1(0.04%) 1(0.02%) 
Untypeable Untypeable 161(7.36%) 91(3.26%) 252(5.06%) 
Mixed Mixed 134(6.13%) 67(2.40%) 201(4.04%) 
Total  2187(43.91%) 2794(56.09%) 4981(100%) 
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Table-4.3 Presentation of different HCV genotypes reported from different areas of Pakistan 

 

The epidemiological changes in different HCV genotypes during November 2007 to 

November 2012 were observed. Decreasing trend was observed in the percentages of 

genotype 2 and 3. In genotype-2 decline was 6.80% to 5.63%. The same situation was in 

genotype 3, which decreased from 72.80% to 63.64% during the last five years. Major 

instability was seen in genotype 1 (especially its subtype 1a) and genotype 4 in which 

significant increasing trend was observed. Because the presentation of type 5 and 6 was very 

low so their trend of existence could not be discussed here. All the results regarding the trend 

of the existence of different HCV genotypes are revealed in table-4.4. 

 
 
 
 
 
 
 
 
 

Reference Year  Province Population 
groups 

                                         HCV genotype (%) 

1 2 3 4 5 6 

Tong et al  
 

1996 
 

Punjab 
 

Patients with  
CLD, HCC 

6.66 - 
 

80 
 

- 
 

- 
 

- 
 

Shah et al  1997 Sindh/Karachi Chronic 
Hepatitis 

6.66 2.23 87 2.22 - - 

Moatter et al 2002 
 

Different areas 
of  Pakistan 

Patients with 
HCV 

14 
 

- 
 

68 
 

  - 
 

- 
 

- 
 

Akhtar and  
Moatter  

2004 
 

Sindh/Karachi 
 

Households of  
Thalassemic 
Children  

- 
 

- 
 

100 
 

- 
 

- 
 

- 
 

Iqbal et al 2007 Punjab(Lahore) Chronic 
Hepatitis 

4.87 9.32 73.85 2.48 - - 

Idrees and 
Riazuddin 

2008 
 

Different areas 
of  Pakistan 

Patients with 
HCV 

11.51 
 

8.41 
 

67.46 
 

1.49 
 

0.18 
 

0.12 
 

Afridi et al 
 

2008 
 

Blochistan 
 

Patients with 
HCV 

7.14 
 

- 
 

60.72 
 

- 
 

- 
 

- 
 

Akhund et al 
 

2008 
 

Sindh 
 

Patients with 
HCV 

3.06 
 

- 
 

75.87 
 

- 
 

0.87 
 

- 
 

Husain et al 2009 Punjab 
(Faisalabad) 

Patients with 
HCV 

1.09 
 

- 
 

87.10 
 

- 
 

- 
 

- 
 

Ahmad et al 

 
2010 
 

Punjab(Lahore) 
 

Patients with 
HCV 

23.61 
 

– 
 

59.09 
 

13.70 
 

- 
 

- 
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Table-4.4 Epidemiological changes of different HCV genotypes in last five years (Nov 2007 to Nov 2012) 

 

 

 

 

    Table-4.5 Probable source of infection of different HCV genotypes (n=4981) 

Major 
genotypes 

Subtypes 
Blood/ 
Blood 
product 
transfusion 

General/ 
Gynecologic
-al  surgery 

Dental 
surgery 

Barbers Piercing/ 
Tattooing 

Infected 
family 
members 

Unknown 
Reasons 

Total 

1 1a 28(13.15) 54(5.38) 59(5.320 32(5.76) 19(20.21) 132(23.12) 131(9.13) 455(9.13) 
1b 31(14.55) 45(4.49) 41(3.69) 20(3.60) 26(27.66) 24(4.203) 88(6.14) 275(5.520) 

2 2a 10(4.70) 75(7.48) 58(5.23) 10(1.80) 7(7.45) 5(0.876) 65(4.53) 230(4.62) 
2b 2(0.94) 13(1.30) 11(0.99) 5(0.90) 2(2.13) 3(0.525) 21(1.46) 57(1.14) 

3 3a 61(28.64) 465(46.40) 543(48.90) 317(57.02) 14(14.89) 321(56.22) 660(46.03) 2381(47.80) 
3b 22(10.33) 208(20.70) 287(25.90) 129(23.20) 7(7.45) 66(11.56) 292(20.36) 1011(20.30) 

4 4 16(7.51) 19(1.89) 22(1.98) 8(1.44) 4(4.26) 3(0.525) 43(3.00) 115(2.31) 
5 5a 0 1(0.10) 2(0.18) 0 0 0 0 3(0.06) 
6 6a 0 0 0 1(0.18) 0 0 0 1(0.02) 
Untypeable Untypeable 11(5.16) 46(4.59) 38(3.42) 23(4.14) 9(9.57) 8(1.401) 117(8.16) 252(5.06) 
Mixed Mixed 32(15.02) 77(7.68) 49(4.41) 11(1.98) 6(6.38) 9(1.576) 17(1.19) 201(4.04) 
 Total  213(4.28) 1003(20.14) 1110(22.28) 556(11.16) 94(1.89) 571(11.46) 1434(28.78) 4981(100) 

 

 

 

  

 
 
 

Major 
Genotypes 

Subtype Nov 2007- 
Nov 2008 (%age) 

Nov 2008- 
Nov 2009 
(%age) 

Nov 2009- 
Nov 2010 
(%age) 

Nov 2010- 
Nov 2012 
(%age) 

Total 
(%age) 

1 1a 25(4.47) 59(5.31) 150(10.12) 221(12.08) 455(9.13) 

1b 21(3.76) 45(4.05) 88(5.94) 121(6.62) 275(5.52) 

2 2a 31(5.55) 52(4.68) 64(4.32) 83(4.54) 230(4.61) 

2b 7(1.25) 13(1.17) 17(1.15) 20(1.09) 57(1.14) 

3 3a 295(52.80) 575(51.8) 685(46.2)2 826(45.16) 2381(47.80) 

3b 112(20) 258 (23.2) 303(20.45) 338(18.48) 1011(20.30) 

4 4 10(1.79) 22(1.98) 37(2.5) 46(2.52) 115(2.31) 

5 5a 0 1(0.09) 2(0.14) 0 3(0.06) 

6 6a 0 1(0.09) 0 0 1(0.02) 

Untypeable Untypeable 35(6.26) 41(3.69) 71(4.79) 105(5.74) 252(5.06) 

Mixed Mixed 23(4.11) 44(3.96) 65(4.38) 69(3.77) 201(4.04) 

Total  559(100) 1111(100) 1482(100) 1829(100) 4981 



77 
 

Table-4.6 Association of different HCV genotypes infected patients with their foreign tour 

Genotype Subtype Tour to Middle East Tour to Europe/USA No Foreign tour 
(%) 

Total 
Male (%)  Female (%) Male (%) Female (%) 

1 1a 63(13.85) 43(9.45) 89(19.56) 47(10.33) 213(46.81) 455 
1b 51(18.54) 27(9.82) 62(22.55) 37(13.45) 98(35.64) 275 

2 2a 11(4.78) 2(0.87) 12(5.22) 3(1.30) 202(87.83) 230 
2b 3(5.26) 2(3.51) 4(7.02) 2(3.51) 46(80.70) 57 

3 3a 58(2.44) 55(2.31) 132(5.54) 14(0.59) 2122(89.12) 2381 
3b 22(2.18) 12(1.19) 16(1.58) 9(0.89) 952(94.16) 1011 

4 4 32(27.83) 9(7.83) 19(16.52) 4(3.48) 51(44.34) 115 
5 5a 1(33.33) 0 1(33.33) 0 1(33.33) 3 
6 6a 0 0 1(100) 0 0 1 
Untypeable Untypeable 33(13.09) 11(4.37) 19(7.54) 13(5.16) 176(69.84) 252 
Mixed Mixed 1(1.99) 15(7.46) 9(4.48) 11(5.47) 162(80.6) 201 

 

To evaluate the prevalence of different HCV genotypes in province Punjab first an in-

house qualitative RT-PCR was established for the detection of HCV RNA. For that self 

designed primers were used and the conditions were optimized successfully as described 

earlier (chapter-3, section 3.2). The next step was to establish a simple, rapid, reliable and 

low cost HCV genotyping test. For that the already reported primers were used (Ohno et al., 

1997) and the conditions were optimized with some changes that are also discussed in detail 

earlier (chapter-3, section 3.3). Both the tests were low cost and helpful for the poor patients.  

 A total of 6570 anti-HCV positive (by ELISA) blood samples referred by the doctors 

from November 2007 to November 2012 were tested on HCV RNA qualitative test. Out of 

6570 anti-HCV positive samples a total of 4981 (75.82%) were found HCV RNA positive. 

To see the specific HCV genotype in HCV RNA positive patients, all the HCV RNA positive 

cases were genotyped by self established genotyping assay. A total of 4528 (90.90%) HCV 

RNA positive cases were successfully classified into a specific genotype, while 5.06% 

remained unclassifiable (untypeable) and 4.04 had more than one genotype (mixed 

genotype).  

The information about HCV genotypes and subtypes among the Pakistani population 

of Punjab province and its association with various risk factors was not much reported from 

Pakistan previously. The sample size of most of the previous studies was also very small 

which cannot illustrate the exact situation. The present study was based on a large number of 
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samples (4981) collected from November, 2007 to November, 2012. Secondly in the 

previous studies done in this region, stability of different HCV genotypes was never 

highlighted which was very important to see the epidemiological changes in different HCV 

genotypes and their origin of the transmission. It could also be very informative for the future 

planning of the HCV therapy management and its prognostic motives in this region.  

In many previous studies the most prominent HCV genotype in Pakistani population 

was genotype 3 particularly its subtype 3a followed by 3b (Ahmad et al., 2010; Idrees and 

Riazudin, 2008). The findings of the present study were also in accordance with those studies 

as the percentage of genotype 3 (3a+3b) in this study was 68.10% including 3a (47.80%) and 

3b (20.30%) respectively. In the data from previous studies that was expanded from 1996 to 

2010, the percentage of type 3 was 59.09-87.10% (Table-4.3), while in the present study it 

was 68.10%.  

 The second most common HCV genotype was type 1 (1a+1b) i.e. 14.65% including 

its subtypes 1a and 1b (9.13% and 5.52%). These findings regarding type 1 were in between 

as compared to previous results reported during 1996 to 2010 from different researchers 

where it was ranged from 0% to 23.61% (table-4.3).  

In last five years (2007 to 2012), the prevalence of HCV genotype 3 (3a+3b) was on 

decreasing side (72.80% to 63.64%), while the gradual increase was observed in type 1 

(1a+1b) i.e. 8.23% to 18.70% (table-4.4). So, in the last five years the increase in type 1 was 

more than hundred percent which was highly significant (P<0.001). The same situation was 

observed in type 4 in which the increase was from 1.79% to 2.52% as demonstrated in table-

4.4, which is in accordance with the previous reports (Ahmad et al., 2010; Idrees and 

Riazudin, 2008). It is also important to note that genotype 3 is the most responding type to 

Interferon therapy (McHutchison et al., 1998; Poynard et al., 1999; Iqbal et al., 2010) and is 

the most common type of this region. With proper management for therapy of HCV patients 

infected with this genotype can be helpful to wipe out the HCV infection of the population of 

this area as compared to those areas where type 1 and 4 are prominent and are not friendly to 

Interferon therapy (McHutchison et al., 1998; Poynard et al., 1999).  
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It is the firm believe that genotype 1 and 4 are not good responders to Interferon 

therapy as compared to other HCV types and their treatment duration is also prolonged and 

expensive which cannot be afforded by most of the people of this country (McHutchison et 

al., 1998; Poynard et al., 1999). If the increasing trend of these two types was not controlled 

it could cause a huge disaster in this region where most of the population could not meet the 

expenses of so costly and prolonged therapy. So, there is a possibility that this type may 

remain untreated and get more chances of transmission. It will not only be an alarming 

situation in this region but also in the rest of the world.       

Trend of existence of HCV genotype 2 (2a+2b) was observed on decreasing side, 

which also has a good response to Interferon therapy. The frequency of type 5 and type 6 was 

very low (0.06% and 0.02%) which was reciprocal to previous studies as illustrated in table-

4.3. In this study 252 (5.06%) cases remained unclassified but were positive for HCV RNA 

and reported as untypeable. In 201 (4.04%) cases more than one genotype was seen and 

reported as mixed genotypes. These mixed genotypes showed the exposure of the HCV 

infected persons to more than one source of infection which indicates unawareness of disease 

in these patients. Untypeable cases may be due to low viral load or new HCV genotype 

which may not be typed by this method. Untypeable HCV cases were also indicated in an 

earlier study done in Pakistan (Idrees and Riazudin, 2008).  

In the present study significant difference (P<0.005) in males and females was 

observed regarding the distribution of different HCV genotypes, which was contrasted to the 

previous study done in this area in which no significant difference was observed (Idrees and 

Riazudin, 2008). It was interesting to see that in males the ratio of genotype 1 and 4 was 

higher as compared to females, while the situation was contrasted in genotype 2, where the 

ratio of this genotype was higher in females. As mentioned before in this part of the study, 

genotype 1 and 4 are not common genotypes of this region as compared to genotype 2 and 3, 

which indicates that the source of infection in females may be local while in males foreign 

source may be possible, because most of the male population of this area visits to foreign 

countries for business, job and religious purposes as compared to females. In Saudi Arabia 

and Iran most of our population visit for religious purposes in which male and female ratio 
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may be same, but a big number, mostly the males visits or stay there especially in Saudi 

Arabia and UAE for earning purposes, where HCV genotype 1 and 4 is the most common 

type in the HCV infected population (Houghton, 1996; Shobokshi et al., 2003; Zarkesh-

Esfahani et al., 2010). So these countries may be the main source of transmission for 

genotype1 and 4. Source of genotype 1 may be from Europe and USA where this type is 

most common (Mahaney et al., 1994; McOmish et al., 1994; Nousbaum, 1998; Viazov et al., 

1997). So, the future planning to block these probable sources is the need of the hour. For 

that, proper screening of those people who return after a long stay in above mentioned 

countries should be mandatory.   

The probable transmission source of HCV infection in this study revealed that most 

of the people infected with genotype 1 and 4 had a foreign tour history as compared to those 

people infected with genotype 2 and 3 which provides strength to the above mentioned 

possibility. It was also important to see that mixed genotypes were more common in females 

especially in those mostly exposed for surgery purposes. Most of those females had more 

than one gynecological surgery, which indicates that surgery may be the major source of 

infection. In single genotype infected population the most common source was suspected 

barbers and dentists, which was also indicated in previous studies (Omar et al., 2008). It 

showed lack of awareness in our population about HCV transmission sources. It is also 

important to mention here that only the male population visited the barbers for hair cutting 

and shaving purpose, so the data were collected only from the male population not from the 

females regarding the possible source of HCV infection in this category. Blood transfusion 

and needle source was less common in this study that was contrasted to the previous study 

(Omar et al., 2008). It may be because of proper screening and new needle use awareness, 

which was a good sign to overcome this infection.  

Out of 4981 HCV infected individuals 11.46% had a history of HCV infected family 

members (Table-4.5). It was also mentioned in previous studies (Waure et al., 2010). In this 

region the joint family system and cousin marriage are very common. Because Hepatitis C 

disease remained in silent form and infected persons looks healthy which may transfer their 

infection silently in all the family members living together. This can potentially happen 
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through the sharing of razors, toothbrushes, or any sharp instruments that carry HCV infected 

blood (Lock et al., 2006). Therefore, it is important to keep each person’s personal use items 

such as toothbrush and razor in separate areas of the bathroom and each item should be 

clearly labeled. In this way, the accidental use of the potentially HCV infected household 

item may be prevented. The proper screening of joint family members should be done to 

elucidate the infected member if present. These prevention methods should be adopted to 

eliminate the transmission route. In 28.78% cases no possible source of HCV transmission 

was found. In those cases no family member was infected. They never visited the barbers for 

a shave and had no blood transfusion or needle contact history but were infected with HCV. 

It clearly indicates that there are others, as yet unidentified modes of transmission. 

In conclusion the decreasing trend of existence in genotype 2 and 3 especially 3a and 

the gradual increase in genotype 1 and 4 in this population was observed. It shows the 

replacement of genotype 2 and 3 with genotype 1 and 4. This situation is very alarming, 

because genotype 1 and 4 are not as friendly to Interferon therapy as genotype 2 and 3. 

Therefore, future prevention and treatment strategy should be directed towards type 1 and 

type 4 mainly. The probable source of transmission was observed in those cases that had a 

history of repeated general or dental surgery and visited to barbers. So a proper strategy on 

the government level to monitor the standard sterilization of surgery instruments in hospitals 

and awareness to barbers and joint family members is the need of the hour, which can be 

helpful to cease these major transmission sources. 
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4.2 Sustained biochemical and virological response to Interferon plus 

Ribavirin combination therapy of HCV infected patients with 

different genotypes 

A total of 520 patients (235 females and 285 males) chronically infected with different 

HCV genotypes were enrolled to treat and see the response. The age range was 10 to 60 years 

(Mean=35±6) both in females and males (Table-4.10 & 4.11). Out of 520 HCV patients 26 

were infected with HCV genotypes 1 (1a+1b) & 4 and 429 with genotypes 2 (2a+2b) & 3 

(3a+3b). Fifty cases were untypeable and 15 patients were infected with mixed (more than 

one) HCV genotypes as demonstrated in table-4.7.  

Out of 520 cases 74.62% (n=388) showed the end of therapy response (ETR) and 

25.38% (n=132) failed to eradicate the virus from their bodies (Table-4.7). To see the 

sustained virological response (SVR) in the end of therapy responders a total of 325 patients 

were followed up for 12 months after the completion of therapy. The SVR was examined in 

89.23% (n=290) while 10.77% (n=35) relapsed (Table-4.8). ETR and SVR were associated 

with absence of HCV RNA and normal ALT level at the end of therapy and during the 

follow up period respectively.  

The ETR was higher in males (76.14%) than females (72.77%) (Table-4.10 and Fig-

4.8). The sustained virological response (SVR) was almost same both in males and females 

i.e. 88.71% in males and 89.93% in females (Table-4.11 and Fig-4.9). In major genotypes, 

the highest ETR was noted in genotype 3 (81.15%) and genotype 2 (71.43%). The response 

of genotype 1 and 4 was 44.44% and 37.5% respectively. Untypeable and mixed genotypes 

demonstrated 56% and 46.67% end of therapy response respectively. When the ETR was 

explored in HCV subtypes, the highest percentage was present in subtype 3b (85.53%) and 

the lowest in subtype 1a (38.46%), while in subtype 1b, 2a, 2b and 3a it was noted 60%, 

70%, 76.92% and 78.04% respectively (Table-4.7).  

As illustrated in fig-12 the ETR was observed 25% in those mixed subtypes in which 

one or both belongs to genotype 1 or 4. The ETR was 85.71% in those mixed subtypes in 
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which both belong to genotype 2 or 3. The same situation was observed in SVR response that 

was 50% in those mixed subtypes in which one or both belongs to genotype 1 or 4, while 

83.33% in those subtypes in which both belongs to genotypes 2 or 3 (Fig-4.13). Gradually 

decreasing trend of ETR and SVR was observed with the increase of age range both in 

females and males HCV infected patients (Table-4.10 & 4.11). The aged patients exhibited 

lower ETR and SVR than younger in the present study (table-4.10 & 4.11; fig-4.6 & 4.7). 

The collective ETR of genotype 1 and 4 (1+4) was 42.30%, while in genotype 2 and 3 

(2+3) it was 79.72% (Fig-4.10). The ETR difference between these two groups was 

significant (P<0.005). The same situation was observed in their SVR i.e. genotypes 1+4 

exhibited 33.33% collective SVR and in genotype 2+3 SVR was 93.08% (Fig-4.11).   

During the treatment viral load was measured at different time points in HCV patients 

infected with different genotypes. The patients infected with genotype 2 or 3 the viral load 

were measured at day zero (BVL), week-4 (EVL), week-12 (MTVL) and at week-24 (ETVL) 

to see the baseline, early, mid of therapy and end of the therapy viral load respectively. The 

viral load at these time points was compared with the treatment response (ETR and SVR) 

(Table-4.12). The patients infected with genotype 1 or 4 the BVL, EVL, MTVL and ETVL 

was measured at day zero, week-4, week-24 and at week 48 respectively (Table-4.13) 

according to their treatment duration (48 weeks in genotype 1 or 4 and 24 week in genotype 

2 or 3).      

The patients infected with genotypes 2 or 3 and showed BVL less than two million 

international units per milliliter (< 2MIU / mL) a significantly higher response (ETR= 84% 

and SVR=93. 76%) as compared to those who had BVL more than or equal to two million 

international units per ml (ETR=64. 53% and SVR=83. 38%) (Table-4.12) (P<0.005). The 

patients infected with genotype 1 or 4 and exhibited the viral load <2MIU/mL at day zero, 

showed the ETR 50.15% and SVR 43.28% respectively, while the patients who had 

≥2MIU/mL viral load at that stage showed 34.45% ETR and 23.38% SVR respectively 

(table-4.13). The patients who dropped the viral load more than or equal to two logs at week-

4 revealed the better ETR and SVR (80.76% and 92.22% in genotype 2/3; 53.92% and 
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49.56% in genotype ¼) as compared to those who could decrease viral load less than two 

logs at that time (68.92% and 78.56% in genotype 2/3; 30.68% and 17.10% in genotype ¼) 

(Table-4.12, 4.13). 

The ETR and SVR were significantly higher in those patients who were HCV RNA 

negative at the mid of therapy (95.20% and 96.24% in genotype 2/3; 54.20% and 49.54% in 

genotype ¼) than those who were still HCV RNA positive at that point. Who were still 

positive at the end of therapy their ETR and SVR was linked with the viral load at that point? 

The patients infected with genotype 2 or 3 and had less than 0.2 MIU/mL viral load at mid of 

therapy demonstrated better ETR and SVR as compared to those who had more than or equal 

to 0.2 MIU/mL (ETR=45.32%, SVR=65.76% vs. ETR=7.1%, SVR=40.44%). Same 

conditions were noted in the response of genotype 1 or 4 (ETR=20.75%, SVR=20% vs. 

ETR=9.65%, SVR=14.24%) (Table-4.12 and 4.13). 

When the treatment was extended in those patients who were HCV RNA positive at 

the time of therapy completion and had viral load less than 0.05 MIU/mL exhibited better 

response than those who had more than 0.05 MIU/mL at that time point. 60.5% patients 

infected with genotype 2or 3 and had the viral load >0.05 MIU/mL became HCV RNA 

negative with the extension of 12 weeks therapy and out of those 90.43% also succeeded to 

sustain their response. On the other hand who had more than or equal to 0.05 MIU/mL at that 

stage the ETR and SVR was shown only 10% and 70.55% respectively with the extension of 

therapy. When the treatment duration was extended from 48 to 72 weeks at the end of 

therapy in non responders infected with genotypes 1 and 4 and had viral loads less than 0.05 

MIU/mL, 40.23% became HCV RNA negative and out of those 43.42% could sustain their 

response. On the other hand, who had viral load more than or equal to 0.05 MIU/mL at the 

end of therapy time, 5% were able to eliminate the virus from their body and out of those 

30.32% showed sustained response (Table-4.12, 4.13). 

Most of the patients were able to tolerate the Interferon plus Ribavirin combination 

therapy except few patients in which severe side effects were observed and they could not 

continue their treatment and excluded from the study. Mostly the side effects were general 
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i.e. headache, fatigue, fever or myalgias (muscle pain). Gastrointestinal side effects like 

nausea, vomiting and anorexia (loss of appetite) were observed in most of the cases. In 

psychiatric side effects the depression and insomnia (sleeplessness) was most common and 

one patient attempted the suicide. The sexual desire loss was also investigated in males. 

Because of the social restrictions the loss of sexual desire could not be examined in females. 

Overall the side effects were examined mostly in females than males in the present study 

(Table-4.14). 

 

Table-4.7 ETR of different HCV subtypes 

Genotype Total  Responding  Non-Responding  
1a  13 05    (38.46%) 08   (61.54%) 
1b 05 03    (60%) 02   (40%) 
2a 50 35    (70%) 15   (30%) 
2b 13 10    (76.92%) 03   (23.08%) 
3a 214 167  (78.04%) 47   (21.96%) 
3b 152 130  (85.53%) 22   (14.47%) 
4 08 03    (37.50%) 05   (62.50%) 
Untypeable 50 28    (56%) 22   (44%) 
Mixed 15 07    (46.67%) 08   (53.33%) 
Total 520 388  (74.62%) 132 (25.38%) 
 

Table-4.8 SVR in different HCV subtypes 

Genotypes Total Sustained response Relapsed cases 
1a 05 02(40%) 03(60%) 
1b 03 01(33.33%) 02(66.67%) 
2a 25 22(88%) 03(12%) 
2b 07 05(71.43%) 02(28.57%) 
3a 170 162(95.29%) 08(4.71%) 
3b 87 80(91.95%) 07(8.05%) 
4 01 00(0.0%) 01(100%) 
Untypeable 22 15(68.18%) 07(31.82%) 
Mixed genotypes 05 03(60%) 02(40%) 
Total 325 290 (89.23%) 35 (10.77%) 
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Table-4.9 ETR and SVR of HCV mixed subtypes 

 

 

 

 

 

 
 
Table-4.10 Age and gender wise distribution of ETR 

Age  
(Years) 

Total cases  ETR 
Females Males Total Females Males Total 

10-20 18 14 32 15(83.33%) 12(85.71%) 27(84.38%) 
21-30 66 54 120 53(80.30%) 4583.33%) 98(81.67%) 
31-40 71 107 178 57(80.28%) 87(81.31%) 144(80.90%) 
41-50 59 93 152 36(61.02%) 63(67.74%) 99(65.13%) 
51-60 21 17 38 10(47.62%) 10(58.82%) 20(52.63%) 
Total 235 285 520 171(72.77%) 217(76.14%) 388(74.62%) 
 

 
 
Table-4.11 Age and gender wise SVR in end of therapy responders 

Age  
(Years) 

EOT Response SVR 
Females Males Total Females Males Total 

10-20 11 09 20 10(90.91%) 9(100%) 19(95%) 
21-30 46 38 84 43(93.48%) 36(94.74%) 79(94.05%) 
31-40 45 75 120 42(93.33%) 67(89.33%) 109(90.83%) 
41-50 31 58 89 26(83.87%) 50(86.21%) 76(85.39%) 
51-60 06 06 12 04(66.67%) 03(50%) 07(58.33%) 
Total 139 186 325 125(89.93%) 165(88.71%) 290(89.23%) 

 

 

 

 

 

Mixed Genotypes Total ET response  SVR  
3a & 2a 02 02 01 
3a & 3b 05 04 03 
1b & 3a 03 01 00 
1a & 3b 02 00 00 
1a & 3a 03 01 01 
Total 15 08 (53.33%) 07 (62.50%) 
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Table-4.12 HCV viral load detection at different time points of treatment in genotype 2/3 
infected patients  

Time Point Viral load ETR SVR (Out of ETR)
Day- 0 
(BVL) 

≥ 2 MIU/mL 64.53% 83.38% 
< 2 MIU/mL 84% 93.76% 

Week-4 
(EVL) 

Dropped by ≥2 log 80.76% 92.22% 
Dropped by <2 log 68.92% 78.56% 

Week-12 
(MTVL) 

Negative <100 IU/mL 95.20% 96.24% 
Positive ≥0.2 MIU/mL 7.1% 40.44% 

<0.2 MIU/mL 45.32% 65.76% 
Week-24 
(ETVL) 

Negative<100 IU/mL 100% 89.23% 
Positive ≥100 IU/mL  00% 00% 

12 weeks therapy 
extension (24-36 weeks) 

≥0.05 MIU/mL (at week-24) 10% 70.55% 
<0.05 MIU/mL(at week-24) 60.5% 90.43% 

 

Table-4.13 HCV viral load detection at different time points of treatment in genotype 1/4 
infected patients 

Time Point Viral load ETR SVR (Out of ETR) 
Day- 0 
(BVL) 

≥2 MIU/mL 34.45% 23.38% 
<2 MIU/mL 50.15% 43.28% 

Week-4 
(EVL) 

Dropped by ≥2 log 53.92% 49.56% 
Dropped by <2 log 30.68% 17.10% 

 
Week-24 
(MTVL) 

Negative <100 IU/mL 54.20% 49.54% 
 
Positive

≥0.2 MIU/mL 9.65% 14.24% 
<0.2 MIU/mL 20.75% 20% 

Week-48 
(ETVL) 

Negative<100 IU/mL 100% 33.33% 
Positive ≥100 IU/mL 0.00 % 0.00% 

24 weeks therapy extension (48-
72 weeks) 

≥0.05 MIU/mL 5% 30.32% 
<0.05 MIU/mL 40.23% 43.42% 

 

Table-4.14 Side effects observed in HCV treated patients 

Side effects Percentage (%) of side effects 
Females Males 

General  
Headache 75.12 70.33 
Fatigue 80.23 71 
Fever 85 76.56 
Myalgias 60.87 42.12 
Arthralgia 34.34 27.76 
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Gastrointestinal 
Nausea 43 29.14 
Anorexia 75.43 65.23 
Vomiting 45.87 23 
Abdomin pain 34.19 20.87 
Diarrhea 12.05 10.28 
Psychiatric  
Depression 60.40 65.05 
Insomnia 75.66 67.43 
Irritability 35.33 24.23 
Suicide attempt 1.43 0 
Sexual desire loss N/A 23% 
Dermatological  
Dermatitis/Rash 12 10.09 
Pruritis 29 22.54 
Redness at Injection Site 30 32.98 
Hair loss 25% 20% 
Laboratory 
Anaemia 40 32.65 
Thrombocytopenia 18 21.55 
Neutropenia 20 15.34 
Thyroid test variations 29 19.76 
Incidence of Diabetes 11 9.67 
Incidence of TB 3 2.45 
 

  

Fig-4.4  ETR of HCV major genotypes 
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Fig-4.5  SVR of HCV major genotypes 

 

 

Fig-4.6  ETR of different age group patients   

 

 

Fig-4.7  SVR of different age group patients 
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Fig-4.8  Gender wise presentation of total ETR (%)  

 

 

Fig-4.9   Genderwise presentation of total SVR (%)  

 

 

Fig-4.10  ETR of HCV genotypes (1+4) and (2+3) 
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Fig-4.11 SVR of genotype (1+4) and (2+3) HCV  

 

 

Fig-4.12 ETR in two groups of mixed subtypes 

 

 

Fig-4.13 SVR in two groups of mixed subtypes 
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To treat the HCV infected patients two standard treatment combinations were 

available which were approved by FDA. First was conventional Interferon (C-INF) with 

Ribavirin combination and the other was pegylated Interferon alpha (pegIFNα) with 

Ribavirin (Sarasin-Filipowicz et al., 2008; Manns et al., 2001;  Fried et al., 2002;  

Hadziyannis et al., 2004; Davis et al., 1989 & 2003). Although the recent studies and clinical 

trials had confirmed that sustained virological response rates were much better with 

pegIFNα-2a or pegIFNα-2b than conventional Interferon, even then the conventional 

Interferon was the therapy of choice for HCV infected patients in Pakistan (Hadziyannis et 

al., 2002; Karrayiannis, 2005). Society of Gastroenterology and GI Endoscopy had also 

recommended the use of C-IFN therapy for HCV genotype 3 which was common in Pakistan 

(Idrees and Riazuddin, 2009; Karrayiannis, 2005).  

In the present study conventional Interferon combination therapy (Interferon-α 2b 

plus Ribavirin) was used as described earlier in chapter-3. For that 520 HCV infected 

patients infected with different HCV genotypes were enrolled. Out of those 520 patients 388 

(74.62%) showed the end of therapy response (ETR) and 132 (25.38%) failed to eradicate the 

virus from their body (Table-4.7). ETR was associated with normal ALT and undetectable 

HCV RNA at the end of therapy. The SVR was associated with sustained normal ALT and 

undetectable HCV RNA 12 months after the end of therapy that was also mentioned 

previously (McHutchison et al., 2002; Marcellin et al., 1997). The ETR was high in the 

present study as compared to previous studies done by Idrees and Riazudin in 2009 where the 

ETR was observed in 67% and was in accordance with other local and international studies 

(Ahmed et al., 2011; Wazir et al., 2002; Farooqi and Farooqi, 2005; Manns et al., 2006; 

Herrine et al., 2006). Compared to other studies reported by Nadeem et al. (2009) and 

Mahsud et al. (2008) where the ETR was 86% and 81.12% respectively the ETR rate in this 

study was observed low.  

According to the findings of the present study, the SVR was achieved by 89.23% 

(290/325). 10.77% (35/325) failed to sustain their response and relapsed during the follow up 

period (post therapy) in which the late increase in serum ALT levels was seen and the HCV 

RNA also became positive. The relapse rate of this study was higher than Khokhar, (2004) 
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i.e. 4% and lower than Idrees and Riazudin (2009) i.e. 16.75%; Ahmed et al. (2011) i.e. 37% 

and Sarrazin et al. (2001) i.e. 43%.  

SVR in the present study was low 290 (89.23%) as compared to previous study where 

it was 96% (Patrick et al., 1997) and higher than Kalantari et al (2007); Muhammad et al. 

(2004) and Ahmed et al. (2011) where the SVR was 75.14%, 77.27% and 63% respectively. 

Out of 325 ET responders, 290 (89.23%) were able to sustained their response 12 months 

after the therapy termination and two relapsed (one after 9 months and the other after 11 

months of the therapy completion). The percentage of late relapsed cases (after 6 months of 

the end of therapy) was very low i.e. 0.68% (2/292) it indicates that the patients who 

remained HCV RNA negative up to 6 months of post therapy period had more chance to 

eradicated the virus from their body permanently and could be considered sustained 

responders.  

Although many studies reported previously confirm that the response rate of HCV 

infected patients to Interferon-α plus Ribavirin combination therapy is higher than Interferon 

alone (Sulkwski et al., 2004; Poynard et al., 1998), yet the sustained virological response 

(SVR) reported from European countries was lower than this region. SVR reported by Ming 

et al (1996) and John et al (1998) was 34% and 31% respectively, whereas SVR reported 

from Pakistan was significantly high i.e. Javid and coworkers (2002) reported 87.83%, 

according to Wazir et al (2002) it was 71.4% while Shafi et al (1999) found 65% and in the 

present study the SVR was 89.23%. 

This discrepancy of low and high response rate may be because of the 

epidemiological difference of the HCV genotypes. In Pakistan the most common HCV 

genotypes are 2 and 3 (Idrees and Riazudin, 2008; Ahmad et al., 2010; Iqbal et al., 2007) 

which are good responders to Interferon combination therapy as compared to genotype 1 and 

4 which are mostly found in European countries (Burguete-Garcia et al., 2011; Eriksen et al., 

2010; Haushofer et al., 2001). These findings also support the fact that HCV genotyping 

assessment in therapy management should be mandatory. 
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In different age groups the rate of response to therapy was different. Younger patients 

who were less than or equal to 40 years of age showed better ETR and SVR (81.52% and 

92.41%) than aged patients who were more than 40 years of age (ETR= 62.63% and 

SVR=82.17%) (Table-4.10 and 4.11; fig-4.6 and 4.7). ETR and SVR were investigated 

71.2% and 57.6% respectively by Idrees and Riazudin (2009) in the same age group which 

was lower than this study. Giorgio et al., (2009) also found better response in the same age 

group. With the increasing trend of age the ETR response to Interferon plus Ribavirin 

combination therapy decreased (Table-4.10), which has also been noted in other studies 

(Ahmed et al., 2011; Shiffman et al., 2007).  

The ETR ratio was higher in males i.e. 76.14% than Females i.e. 72.77%, while the 

SVR was almost same in both the sexes (88.71% in males and 89.93% in females) (Tables-

4.10 and 4.11 and Figs-4.8 and 4.9) which suggest that the man had a better response than 

women. The results of present study regarding gender wise ETR response were contrasted to 

previous studies (Ahmed et al., 2011, Idrees and Riazudin, 2009; Bakr et al., 2006; Michiko 

et al., 1995) where they found significantly better response in females than males. The low 

response in females as compared to males may be due to the lower tolerating capacity to 

Interferon therapy in females than males as was noted in the present study (Table-4.14).  

The patients infected with subtypes of the genotype 1 and 4 (1a, 1b, and 4) exhibited 

the lower ETR than those infected with subtypes that belongs to genotype 2 and 3 (2a, 2b, 3a 

and 3b) (table-4.7). The end of therapy response (ETR) in subtypes 1a, 1b and genotype 4 

was 38.46%, 60% and 37.50%, while the ETR in subtypes 2a, 2b, 3a and 3b was noted 70%, 

76.92%, 78.04% and 85.53% respectively. These results were in accordance with the view 

that HCV subtypes 1a, 1b and 4 are associated with a poor rate of response to Interferon-

alpha therapy as compared to subtypes 2a, 2b and 3a, 3b (Iqbal et al., 2010; Ahmed et al., 

2011; Lise et al., 2001). So the findings of the present study show that the response rate for 

Interferon therapy was highly associated with the genotypes and it revealed that in HCV 

therapy management genotypes plays a vital role.    

The SVR was also high in subtypes 3a, 3b, 2a and 2b (95.29%, 91.95%, 88% and 

71.43% respectively) than 1a, 1b and 4 (40%, 33.33% and 0%) (Table-4.8).  That was a good 
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news for this region where most common subtypes are 2a, 2b and 3a, 3b (Attaullah et al., 

2011; Iqbal et al., 2010; Chung et al., 1999; Shindo et al., 1995). It is also important to note 

that the number of cases of genotype 1a, 1b, 2b and 4 were low which needs more study to 

evaluate exact results. 

Twenty patients infected with untypeable genotypes, were treated on a trial basis for 

one year and they showed the ETR and SVR 56% and 68.18% respectively. In mixed 

genotypes the ETR was observed low in which one or both mixed genotypes were 1 or 4 as 

compare to those in which the both genotypes were non 1 or 4. That indicates that the mixed 

genotypes including genotype 1 or 4 should be treated for twelve months according to the 

standard protocol of therapy for these genotypes (1 or 4), and the mixed genotypes in which 

both types are non 1 or 4 may be treated for six months.   

In the present study the viral load was measured at different time points (BVL, EVL, 

MTVL and ETVL) to compare the effect of viral load with ETR and SVR at those time 

points (Table-4.12 and 4.13). It was also purposed in previous studies, that the viral kinetics 

monitoring during treatment could be clinically constructive to predict the treatment response 

at the earliest stages of the therapy (Bekkering et al., 2001; Berg et al., 2003; Carlsson et al., 

2005; Makiyama et al., 2006; Martinez-Bauer et al., 2006; Zeuzem et al., 1998).  

The patients who had less than 2 million international units per mL (<2 MIU/mL) at 

day zero (BVL) showed better ETR and SVR (84% and 3.76%) as compared to those who 

had more than or equal to 2 MIU/mL, where the ETR and SVR were 64.53% and 83.38% 

respectively (table-4.12 and 4.13). These results were in accordance with previous study 

where the response rates for this subset of patients were noted high (Lindh et al., 2007; 

Bekkering et al., 2001; Berg et al., 2003). So, the BVL can be used to predict the response in 

HCV infected patients at the start of therapy.   

The patients who dropped the quantity of HCV RNA more than or equal to two logs 

at week-4 had better ETR and SVR as compared to those who could decrease viral load less 

than two logs at that time (table-4.12, 4.13). Almost the same situation was observed in 

previous studies (Bekkering et al., 2001; Ferenci et al., 2005). It indicates that early viral 



96 
 

response at week-4 has the association with ETR or SVR. It is important to note here that the 

HCV RNA quantity can increase again in late therapy period. So, it is difficult to fully rely 

on viral kinetic parameters at this stage of therapy in clinical practice. Thus, 24 weeks (for 

genotype 2, 3) or 48 weeks (for genotype 1, 4) of therapy should be the standard treatment 

for all HCV infected patients and should be completed in any case.  

HCV viral load detection in the middle of therapy (MTVL) (12 weeks in genotype 2, 

3 and 24 weeks in genotype 1, 4) had been used previously as a predictor to decide whether 

to continue or discontinue the therapy (NIH, 2002). The findings of the present study were 

also in agreement with those studies where most of the patients who did not show viral RNA 

in the middle of therapy, were also HCV RNA negative at the end of therapy. Most of those 

patients were also able to sustain their response after the termination of therapy. But it was 

also interesting to see that few cases which were negative at mid of therapy again showed 

HCV RNA in their blood during the late therapy period. This clearly indicates that, if the 

patient becomes HCV RNA negative at mid of therapy even though, the chances of 

reappearance of the virus could not be ruled out. It strongly suggests that the standard therapy 

period should be completed in any case.   

The extension of treatment duration in non responders was useful in those patients 

who had viral load <0.05 MIU/mL at the end of therapy. It was also indicated previously 

(Berg et al., 2006).  So the therapy period should be increased in those patients who had viral 

load <0.05 MIU/mL at the end of therapy.     

The findings of this study indicate that the prediction of HCV response to Interferon 

therapy was highly associated with a low baseline HCV RNA quantity (BVL), more than two 

log drop of viral load at week-4 (EVL), and undetectable HCV RNA after the completion of 

half therapy (MTVL). The viral load measurement at these time points (BVL, EVL, MTVL) 

could be very useful in clinical practice to decide the treatment continuation or termination at 

early stages of the treatment.   

Mostly the side effects were of general category like headache, fatigue, fever or 

myalgias (Muscles pain) (Table-4.14). In gastrointestinal category the anorexia (loss of 
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appetite) was observed in most of the cases. In psychiatric effects the depression and 

Insomnia (Sleeplessness) were most common and one patient attempted suicide because of 

psychiatric side effects.  The sexual desire loss was also investigated in few cases. In most of 

cases the side effects were examined in females than males (table-4.14). The higher rate of 

side effects in females shows their less potential to tolerate the Interferon therapy than males. 

The low response rate in females that was observed in this part of the study and mentioned in 

above lines may also be because of the low potential of females to tolerate the Interferon 

therapy.  

Generally the side effects were moderate, transient and reversible and were managed 

by the counseling with patients for psychological improvement, dose adjustment and with 

additional specific medication. After 2-6 months of the therapy termination, all the side 

effects were disappeared in responding patients and in few cases of non responders these 

remained for long periods. Results of present study regarding Interferon therapy side effects 

were also in harmony with previous studies (McHutchison et al., 1998; Poynard et al., 1998; 

Idrees and Riazudin et al., 2009; Qureshi et al., 2009; Manns et al., 2006). 
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4.3 Sequence analysis of HCV subtype 3a treated with Interferon alpha 

2b plus Ribavirin combination therapy 

In this part of the study main objective was to investigate the molecular changes in 

HCV genome and its relation to Interferon therapy response. For that two regions of E2 

protein first from codon 506-564 (E2506-564) and second from codon 622-714 (E2622-714) of the 

HCV genotype 3a isolates were sequenced. The numbering was according to the HCV-3a 

prototype NZL1 (Accession NC_009824) as shown in fig-4.14. The second region E2622-714 

also includes a 12 amino acid long PePHD domain from codon 665-676. The deduced amino 

acid sequences of HCV-3a isolates were compared with the prototype sequences HCV-3a.  A 

total of 150 samples taken from chronically infected patients with HCV subtype 3a (the most 

common type in Pakistan) with no previous history of antiviral therapy were selected. All the 

patients were originated from the different areas of the province Punjab of Pakistan. 

 

                                                                        

The patients were treated with Interferon alpha plus Ribavirin combination therapy 

for 24 weeks. Out of 150 samples, 100 were collected before starting of the treatment out of 

those 50 showed response (IR) to therapy and fifty did not respond at the end of therapy 

(INR). The remaining 50 samples were from responding patients taken at the end of the 

therapy (LNR) as described in detail earlier (section 3.5.1).  
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Amino acid sequence of both selected regions of the E2 protein of HCV subtype 3a 

isolates were compared with HCV-3a prototype NZL1 and with each other to see the relation 

of any sequence change with treatment response. The sequences of responding and non 

responding isolates were also compared with each other to see any sequence difference 

between these isolates. Sequences of pre-treatment and end of therapy isolates were also 

compared.   

In the first selected region (E2506-564) the amino acid sequence of carboxyterminal 

side from 555 to 564 was found highly conserved. On the N-terminal side from 506 to 521 

some variations were examined in all the HCV 3a isolates (IR, INR and LNR) (Fig-4.15). In 

this study a hyper-variable region of 33 amino acid residues from 522-554 (E2522-554) was 

examined in all the IR, INR and LNR isolates with difference in mutation rates. In the 

isolates of initial samples from responding patients (IR), the differences between the mean 

number of mutations were observed 5.49 (range, 3-7) including the whole selected region 

from the amino acid residue 506 to 564 (compared to the NZL1). In the isolates of initial and 

last samples from non responding patients (INR and LNR) the mean mutation difference in 

this region was 7.60 (range, 6-11) and 9.71 (range, 8-15) respectively (Table-4.16). In the 

hyper-variable region (E2522-554) the difference between mean mutation numbers of amino 

acid sequence of IR, INR and LNR isolates was 5.06 (range, 2-6), 6.97 (range, 5-9) and 8.57 

(range, 7-12) respectively (Table-4.15).  

In the second selected region (E2622-714) the amino acid sequence pattern of 

carboxyterminal side from 677 to 714 was highly conserved in INR and LNR isolates but 

variable in IR isolates. The N-terminal side of 622-664 was highly variable in all the isolates 

(IR, INR and LNR) as illustrated in fig-4.16. In the complete sequence of the selected region 

from 622 to 714 amino acid residues of IR isolates the difference between mean mutation 

numbers of amino acid sequence was 5.40 (range, 5-8). In the initial and last samples of non 

responding patients the mean mutation difference was exhibited 2.8 (range, 0-4) and 2.67 

(range, 1-4) respectively (table-4.16). In the PePHD domain (E2665-676) the mean mutation 

difference in the numbers of amino acid sequence of IR, INR and LNR isolates was 0.87 

(range, 0-2), 0.0 (range, 0-0) and  0.07 (range, 0-1) respectively (Table-4.16).  
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Table-4.15 Amino acid sequence variation of HCV E2 regions (codon 506-564) in 

comparison with HCV-3a NZL1 

E2 Region IR(n=35) 
Mean(Range) 

INR(n=35) 
Mean(Range) 

LNR(n=35) 
Mean(Range) 

E2506-564 5.49(3-7) 7.60(6-11) 9.71(8-15) 

E2522-554  (Hypervariable region) 5.06(2-6) 6.97(5-9) 8.57(7-12) 
 
 

Table-4.16 Amino acids sequence variation of HCV E2 regions (codon 622-714) in 
comparison with HCV-3a NZL1 

E2 Region IR(n=15) 
Mean(Range) 

INR(n=15) 
Mean(Range) 

LNR(n=15) 
Mean(Range) 

E2622-714 5.40(5-8) 2.8(0-4) 2.67(1-4) 

E2665-676  (PePHD) 0.87(0-2) 0.0(0-0) 0.07(0-1) 
 

IFN-α activates the double-stranded RNA protein kinase-R (PKR) that hampers the 

translation of both viral and cellular proteins by phosphorylating the α-subunit of eukaryotic 

initiation factor (eIF2α) (Carroll et al., 1996). The nonstructural protein 5A (NS5A) of HCV 

obstructs the function of activated PKR through the PKR-binding domain (PKRBD) and is 

suggested one of the possible mechanisms of HCV to evade the antiviral effects of IFN-α 

(Gale et al., 1998; Gale et al., 1998; Gale et al., 1997). The clinical significance of these 

findings is still debatable. Many previous studies show that the multiple mutations within the 

Interferon sensitive determining region (ISDR), which is a part of the PKR-binding domain 

of HCV NS5A, are associated with IFN-α sensitivity in HCV subtype 1a and 1b infected 

patients (Enomoto et al., 1996; Sarrazin et al., 2000; Chayama et al., 2000;  Saiz et al., 

1998). While other studies especially reported from Western countries show no or only a 

minute number of mutations within this region (Sarrazin et al., 1999; Zeumem et al., 1997; 

Hofgartner et al., 1997; Squadrito et al., 1997).   

No correlation between the number of mutations within the ISDR and treatment 

response was reported previously in the patients infected with HCV genotype 3a isolates, 

which is a common type in our region and Asian countries (Saiz et al., 1998; Squadrito et al., 

1997; Frangeul et al., 1998).  
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Most of the previous studies reported from Pakistan and outside were conducted on 

ISDR domain of NS5A or PePHD domain of E2 protein. In those studies the association of 

mutations in these regions with treatment response was reported controversially. Secondly 

most of these studies were based on a small number of the samples that were taken only at 

the end of therapy in non responding patients (Sarrazin et al., 2000; Aslan et al., 2004; 

Honardoost et al., 2008; Bittar et al., 2010; Ashfaq et al., 2011; Afzal et al., 2010 and Ali et 

al., 2011). The present study was based on the 150 samples taken at the start and end of the 

therapy in responding and non-responding patients infected with HCV subtype 3a and treated 

with IFNα-2b plus Ribavirin combination therapy. To see the effect of mutations in the HCV 

genome on treatment response, two regions from the E2 protein of HCV subtype 3a (E2506-564 

and E2622-714) were selected in the present study.  

In the first region (E2506-564), the amino acid sequence on carboxyterminal side was 

found highly conserved, while the N-terminal side was variable in all the isolates.  A hyper-

variable region of 33 amino acid residue portion was found from amino acid 522 to 554 

(E2522-554) in all the isolates (Fig-4.15). The mutation rate in this hyper-variable region of IR, 

INR and LNR isolates was different. The mean mutation difference in the numbers of amino 

acid sequence in this hyper-variable region was higher in INR and LNR isolates as compared 

to IR isolates. It was also interesting to see that mutation rate was higher in the last samples 

of non responding isolates as compared to initial samples of the same patients. It indicates 

that this region in non-responding patients was under positive selection pressure during the 

therapy. The increase in mutation rate of this region may be helping the virus to resist the 

antiviral therapy.     

In the hyper-variable regions two permanent replacements of amino acids as 

compared to HCV3a-NZL1 prototype were observed. At position 543 the Glutamine (Q) was 

permanently replaced with Leucine (L) and Lysine (K) was replaced by Threonine (T) at 

position 535 in most of the cases. At position 554 the amino acid position was unstable. At 

that position Serine (S) was replaced by Valine (V), Alanine (A) or Threonine (T). Two other 

amino acids Arginine (R) and Threonine (T) were replaced by Lysine (K) and Asparagine 

(N) at position 523 and 529 respectively (Fig-4.15).  
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The carboxyterminal side of the second selected region (E2622-714) was found highly 

conserved in INR and LNR isolates, but the situation in IR isolates was contrasted where the 

variation was observed in most of the cases. On the N-terminal side mutation was present in 

all the isolates (IR, INR and LNR) (Fig-4.16). Mutation rates in the complete selected region 

(E2622-714) including PePHD domain and both carboxyterminal and N-terminal regions were 

examined high in IR isolates as compared to INR and LNR (Table-4.16). In PePHD domain 

the mutation was only present in IR isolates while the INR and LNR isolates were highly 

conserved except the one sample of LNR isolates in which Glutamine (Q) was replaced by 

Leucine (L) at position 668. Although in most of the cases mutation in PePHD domain was 

associated with treatment response that was also reported in previous studies (Sarrazin et al., 

2000; Aslan et al., 2004; Honardoost et al., 2008; Bittar et al., 2010; Ashfaq et al., 2011; 

Afzal et al., 2010 and Ali et al., 2011), yet in the four cases of IR isolates no mutation was 

seen in the PePHD domain. It shows that we could not predict the treatment response 

accurately only relying on the mutation of PePHD domain but the mutation rate with flanking 

regions should also be included to predict the therapy response precisely. 

On the carboxyterminal side of this second region the Aspartate (D) at position 629 

and 657 was seen replaced by Asparagine (N) in most of the IR, INR and LNR isolates. The 

Threonine (T) at position 645 was unstable. In the PePHD domain at the position 668 in most 

of the IR isolates the Glutamine (Q) was replaced by Leucine (L) but in INR isolates no 

change at this position was found as compared to HCV3a-NZL1 and in LNR isolates only in 

one isolate the Q was replaced by L.    

In the both regions mutation rate was associated with treatment response. It was 

interesting to see that the mutation rate of the hypervarialbe portion (E2522-554) from the first 

selected region (E2506-564) was significantly high in INR and LNR as compared to IR 

isolates. The situation was contrasted in the PePHD domain (E2665-676) of the second 

selected region (E2622-714) where the mutation was seen only in IR isolates at position 

668 in most of the cases (9/15) and at position 669 in some cases (4/15) but in the 

INR isolates no mutation was observed and in LNR cases only one isolate at position 

668 showed the variation.   
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                                                    Hypervariable region 

                                            (codon 522-554) 
                

                             506       564      
HCV3a-NZL1   PVYCFTPSPVVVGTTDARGVPTYTWGENEKDVFLLKSQRPPSGRWFGCSWMNSTGFLKT 

IR1    Y-V----------------A---N-----------E-L----------V---------- 
IR2    ----------------SK-----------T-----D-L----------T---------- 
IR3    ---S-------------------------T-----S-L----------A---------- 
IR4    ----------------RK-----N-----T-----S------------T---------- 
IR5    S----------------------------T-----S-L----------A---------- 
IR6    -C-----------------A---------T-----T-L----------V---------- 
IR7    --V-------------PK-----------------D-L----------V---------- 
IR8    -----------------------------------Q-L---N------A---------- 
IR9    -----------------------------------T-L---G------V---------- 
IR10   -----------------------------------T------------T---A------ 
IR11   ---------------K-A-----------------E-L---A---Y--V---------- 
IR12   -------------------R------G--------T-L----------T---------- 
IR13   ----------------SK-----------------E-L----------V---------- 
IR14   -–V-------------MK-----------T-------------Q----A---------- 
IR15   -----------------K-N---------S-----E------------A---------- 
IR16   -----------------K-----------T-----E-L---N------A---------- 
IR17   -----------------K-----------T-----N-L----------T---------- 
IR18   -----------------R-A---------T-----E-L----------T---------- 
IR19   -----------------R-----------T-------L----------V---------- 
IR20   -----------------K--------A--T-----D-M----------V---------- 
IR21   -CV--------------K-----D-----T-----D-L----------V---------- 

   IR22   ----------------RR-----------T-------L---G-Q--------------- 
IR23   -------------------I---------T-----D-L---N------A---------- 
IR24   -----------------------S--A--T-----E-L----------T---------- 
IR25   -----------------------N-----T-----E-L----------V---------- 
IR26   -----------------------------T-----E-L---G------A---------- 
IR27   F----------------------N-----T-----D-L---N------V---------- 
IR28   -------------------A---N-----T-------L----------V---------- 
IR29   F----------------------------T-----S-L---R------A---------- 
IR30   -------------------T---------T-------L---G------V---------- 
IR31   S-------------------------A--T-----D-L----------A---------- 
IR32   -----------------------S-----T-------L----------V---------- 
IR33   -------------------A---------T-----E-L---G----------------- 
IR34   -------------------A---------T-----E-L----------A---------- 
IR35   R------------------T---N-----------D-L---N------A---------- 

               ----------------RK-------------------L----------T---------- 
 

INR1   AC---------------K-A------A--T-----N-L----------V---------- 
INR2   S---------------SK-----N-----T-----E-L----------A---------- 
INR3   ----------------KK-A---------T-----T-L----------T---------- 
INR4   LF-----------------A---N--V--T-----E-L---G------A---------- 
INR5   -----------------K-A---N--G--T-----E-L----------A---------- 

    INR6   ----------------KK-----N--A--------T-L---G------T---------- 
INR7   ----------------SK-----S-----------T-L---N------T---------- 
INR8   ----------------PK-A---N--A--------N-L----------V---------- 
INR9   -----------------K-A---N-----------E-L---G------V---------- 
INR10  -–V-------------PK-----N-----------E-L---G------A---------- 
INR11  T-V--------------K-T---D-----------E-L----------V---------- 
LNR12  -----------------K--------A—T------D-L---N------A---------- 
INR13  ----------------K------N---------M-R-L---N------T---------- 
INR14  ------------------R-AA-N--A--S-----D-L----------A---------- 
INR15  ----------------Tk-----N--A-K------D-L----------A---------- 
INR16  NY--------------VK-----------------E-L---G------A---------- 
INR17  ----------------VK-A---------T-----N-L----------V---------- 
INR18  -----------------E-T---------T-----E-L---K------V---------- 
INR19  --L----------------A---N-----T-----E-L---G------T---------- 
INR20  ----------------DK-H---------T-----N-M----------V---------- 
INR21  ----------------I------N-----T-----T-L---A------V---------- 
INR22  T----------------K--------A--T-----N-L----------V---------- 
INR23  ----------------RK-----------T-------L---G------T---------- 
INR24  -----------------K-A---N-----S-----D-L----------T---------- 
INR25  -CV--------------K-A------A--T-----G-L----------A---------- 
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INR26  -----------------K-----D-----T-----D-L----------V---------- 
   INR27  -----------------K-I---------T-----D-L---N------A---------- 

INR28  ----------------IK-----N-----T-----T-L----------T---------- 
INR29  -----------------A-T------A--T-----D-L----------A---------- 
INR30  -CV-------------V--A---------T-----N-L---N------T---------- 
INR31  -------------------A---N-----T-----E-L---N------T---------- 

   INR32  -------------------A---N-----T-----E-L---G------A---------- 
INR33  ----------------R------------T------ESQ---------T---------- 
INR34  YFLLLP-----------------------T-----N-L---N------A---------- 
INR35  ----------------I------N-----T-----T-L---A------V---------- 

 
  LNR1   ----------------PK-A--F---A--T-----D-L---G------A---------- 

LNR2   VSAL-S-T---------K-A------A-VT-----E-L---G------A---------- 
LNR3   --HMLP----------SK-----N-----T-----T-L---A------T---------- 
LNR4   -----------------K-A---N-----T-----E-L---G------A---T------ 
LNR5   S---------------VK-A---N--A--S-----G-L---G------A---------- 
LNR6   SDI-------------KK-----N-----T-----E-L---G------T---------- 
LNR7   S---------------SK-A---N-----T-----N-L----------T---------- 
LNR8   ----------------PK-A--F---A--T-----D-L---G------A---------- 
LNR9   ----------------VK-A---Q--A--T-----E-L---G------T---A------ 
LNR10  -CV-------------T—TA------T--S-------L---G------A---------- 
LNR11  --V--------------K-A---N-----T-----E-L----------V---------- 
LNR12  ----------------SK-A---R---A-T-----D-L---N------T---------- 
LNR13  ----------------KQ-A---N--A--T-----E-L----------T---------- 
INR14  ------------------RTAA—N-—A-K------D-L----------A---------- 
LNR15  ----------------K-A---N-----GT-----E-L---G------A---------- 
LNR16  -C--------------VK-A---K-----T-----E-L----------V---------- 
LNR17  G---------------V--A---------S-----E-L---G------V---------- 
LNR18  ----------------EE-T--------KT-----E-L----------A---------- 
LNR19  HEY--------------K-----NF----T-----S-L----------A---------- 
LNR20  -----------------K-----S-----SY----N-M---N------A---------- 
LNR21  ----------------IK-----N--G--T-----T-L----------T---------- 
LNR22  TEY--------------K-----N-----T-----S-L---N------A---------- 
LNR23  -----------------K-A---N—-A--T-------L---G------A---------- 
LNR24  ----------------EK-AA------T-T-----N-L---A------T---------- 
LNR25  ----------------RK-A---N--A--T-------L---G------A---------- 
LNR26  -----------------V-N---N-----T-M---D-L---K------V---------- 
LNR27  F----------------K-I--------GT-----T-L---N------A---------- 
LNR28  ----------------IK-----N--G--T-----T-L----------T---------- 
LNR29  ----------------PQ-T---KF----T-----G-L----------A---------- 
LNR30  --V-------------VA-A---------T-----N-L---G------T---------- 
LNR31  ----------I-----K--A---N—A--—T-----D-L----------T---------- 
LNR32  ----------------P--A---N--S--T-----E-L----------A--D------- 
LNR33  -S--------------KH-A------A--T-----H-LQ---------T---------- 
LNR34  –LCLLP-------------A---N-----T-----T-----N-Q----A---------- 
LNR35  ---------I-----KHE-A--FN--G-KT-----D-L---N------V---------- 

 
 
 
Abbrevations: 
 
IR  =Initial sample of the responding patient 
INR =Initial sample of the nonresponding patient 
LNR =last sample of the nonresponding patient 
Amino acid residues are indicated by standard single code 
Dashes indicate the identical amino acid residues to the reference 
sequence (HCV3a NZL1, ACCESSION NC_009824) 
 
 
Fig-4.15 Sequence alignment of amino acid residues 506 to 564 according to   
HCV-3a NZL1 (Accession number NC_009824)  
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    PePHD region(codon 665-676) 
               622                 714  

HCV-NZL1WHYPCTVDFRLFKVRMFVGGFEHRFTAACNWTRGERCDIEDRDRSEQHPLLHSTTELAILPCSFTPMPALSTGLIHLHQNIVDVQYLYGVGSG 
INR1   -------N-T---------------D------------------------------------------------------------------- 
INR2   -------N-T---------------S------------V------------------------------------------------------ 
INR3   ---------T---------------S-------------------------------------------F----------------------- 
INR4   -------------------------I---K-------N------------------------------------------------------- 
INR5   -------N-T---------------S-----------N------------------------------------------------------- 
INR6   -------N-S—Q-------------R------------------------------------------------------------------- 
INR7   -------N-T---------------S------------------------------------------------------------------- 
INR8   -------NYT---------------S------------------------------------------------------------------- 
INR9   -------N-T----------------------------------------------------------------------------------- 
INR10  -------N-T-H-------------N------------------------------------------------------------------- 
INR11  -----------------------Q-W------------------------------------------------------------------- 
INR12  -------N-T--------------LN------------------------------------------------------------------- 
INR13  -------------------------D------------------------------------------------------------------- 
INR14  -------------------------S------------------------------------------------------------------- 
INR15  --------------------------------------------------------------------------------------------- 
 
LNR1   -------N-TR--------------D------------------------------------------------------------------- 
LNR2   -------N-T----------------------------V------------------------------------------------------ 
LNR3   -------T---------------S----------------------L---------------------------------------------- 
LNR4   -------N-T—--------------R------------------------------------------------------------------- 
LNR5   -------N-T---------------------------N------------------------------------------------------- 
LNR6   -------N-T—--------------R------------------------------------------------------------------- 
LNR7   -------N-----------------S-----------N------------------------------------------------------- 
LNR8   -------N-T---------------S------------------------------------------------------------------- 
LNR9   -------N-T-------------Q--------------------------------------------------------------------- 
LNR10  ---------T---------------N-----------N------------------------------------------------------- 
LNR11  -----------------------Q-------------N------------------------------------------------------- 
LNR12  -------N-T---------------N------------------------------------------------------------------- 
LNR13  -------------------------D------M------------------------------------------------------------ 
LNR14  -------------------------------------N------------------------------------------------------- 
LNR15  -----------------I--------------------------------------------------------------------------- 
  
IR1    ------------------------LN---------------------------------------LHACM---V------------------- 
IR2    -----------A--MI-------------K----------------L---------------------------------------------- 
IR3    -------N-T---------------S-----------N----------------I-------------------------------------- 
IR4    ----S--N-T--------------V------------N--------L---------------------------------------------- 
IR5    -------N-T---------------A---------------------Q--------F------------------------------------ 
IR6    -------N-T--------------V------------N--------L---------------------------------------------- 
IR7    -------NTV--------------VN------------------------------------------------------------------- 
IR8    -------N-T------------------------------------L-------------------L-----------------------E-- 
IR9    ----------------------N-VD--------------------LQ--------------------------------------------- 
IR10   -------Q--CSR------------S------------------------------------------------------------------- 
IR11   ----S----T--------------V------------N--------LQ------------------L-------------------------- 
IR12   ------------------------V----------------------Q--------F---------L-------------------------- 
IR13   ----S----T--------------V---------------------L--------------------------V------------------- 
IR14   -------N----------------V---------------------L---------F----------------V------------------- 
IR15   ----S----T---------------------------N--------L-------------------L-----------------------E— 
  
 
Abbrevations: 
IR  =Initial sample of the responding patient 
INR =Initial sample of the nonresponding patient 
LNR =last sample of the nonresponding patient 
Amino acid residues are indicated by standard single code 
Dashes indicate the identical amino acid residues to the reference sequence 

(HCV3a NZL1, ACCESSION NC_009824) 
 
 
Fig-4.16 Sequence alignment of amino acid residues 622 to 714 according to  

   HCV3a-NZL1 (ACCESSION NC_009824)                
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Chapter-5 

SUMMARY 

 The standard protocol to treat the Hepatitis C patients is generally based on the 

confirmation of HCV RNA in the patient’s blood, its viral load and specific genotype. These 

help to decide the therapy combination, its dosage and duration. The first aim of the present 

study was to establish a reliable HCV RNA and its genotype identification tests. For that in-

house HCV RNA qualitative and HCV genotyping multiplex PCR tests were established. 

HCV RNA was detected in 4981 (75.82%) out of 6570 anti-HCV positive cases. All the 

RNA positive cases were further processed for genotyping by multiplex PCR. In 4528 

(90.90%) cases specific genotype was detected and 5.06% remained unclassified while in 

4.04% patients more than one genotype was present.  

Genotype 3 was found the most prominent type in HCV infected patients (68.10%) 

and the lowest rate was seen in genotype 5 and 6 (0.06% and 0.02% respectively). Regarding 

the epidemiological changes in HCV genotypes, the decreasing trend in genotype 2 and 3 and 

the gradual increase in genotype 1 and 4 was observed during the last five years. It indicates 

the replacement of genotype 2 and 3 with genotype 1 and 4. It is an alarming situation for 

this region, because genotype 1 and 4 are not friendly to Interferon therapy as compared to 

genotype 2 and 3. If the increasing trend of these two types was not controlled it could cause 

a huge disaster in this region where most of the population could not meet the expenses of so 

costly and prolonged therapy. There is a possibility that these genotypes may remain 

untreated and get more chances of transmission.   

 In the present study, the probable sources of HCV transmission were strongly 

associated with the use of unsterilized razors at barber shops as well as in those who 

underwent procedures in general or dental surgery. So a proper strategy on the government 

level to monitor the standard sterilization of surgery instruments in hospitals and awareness 

to barbers and joint family members is the need of the hour. It can be a helpful to minimize 

the major transmission sources. 
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The prediction of the HCV response to Interferon therapy was highly associated with 

a low baseline viral load, more than two log drop of viral load at week-4 and undetectable 

HCV RNA at the mid of therapy. The viral load measurement at these time points could be 

useful in clinical practice to decide the continuation or termination of treatment.  

Out of 520 patients 388 (74.62%) showed a response at the end of therapy (ETR) and 

132 (25.38%) failed to eradicate the virus from their body. Sustained response was achieved 

by 290 (89.23%) and 35 (10.77%) relapsed during the post therapy follow up period. In aged 

patients the response to therapy was low than youngers. At the end of therapy males showed 

slightly better response (76.14%) than females (72.77%), while the SVR was almost same in 

both sexes. The patients infected with HCV genotype 3 exhibited a better response than those 

infected with other genotypes. It was the good news for our region because in this country 

the most common genotype is 3. Side effects were more pronounced in females as compared 

to males. Mostly the side effects were moderate, transient and reversible which were 

managed with psychological improvement of the patients by proper counseling, dose 

adjustment and with additional specific treatment.  

Most of the studies reported from Pakistan were focused only on NS5A and PePHD 

regions to see the correlation of variability in these regions with Interferon therapy response. 

All the researchers were in agreement that there was no correlation between the variability of 

NS5A region in HCV subtype 3a treatment response. The findings of previous studies 

regarding the correlation of PePHD region’s variables in HCV-3a with therapy response were 

conflicting. Most of the studies reported from Pakistan were based on a few numbers of the 

samples which were taken only at the end of therapy. So the picture was not clear that the 

variation in HCV genome was present before therapy or it occurred during the therapy.  

Including initial and last, a total of 150 samples from the patients infected with HCV 

subtype 3a were selected for the present study to see the correlation of viral genomic 

variations with treatment response. Secondly, a new region from E2 (E2506-564) which was 

never considered before was selected in this study. The variation in E2506-564  region 

particularly its inner hypervariable portion  of 33 amino acids (cordon 522-554) and PePHD 

domain was highly correlated with treatment response. In the first case the E2522-554 was 
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hypervariable in all the isolates taken either from initial or last samples but the number of 

mutations was higher in non responding cases as compared to responding cases. No variation 

was found in the PePHD domain of non responding isolates may these be from initial or last 

samples, while in most of the responding cases this domain was variable.  

 

Future perspectives: 

Although the findings of the present study may help to improve the diagnostic and 

therapeutic management, however there is still a need to work on host and viral related 

factors that may influence the therapy response. The response of Hepatitis C patients infected 

with HCV genotype 2 and 3 to conventional Interferon therapy (IFN+RBV) was good but 

new available drugs like PegIFNα, Boceprevir and Telaprevir should also be taken under 

consideration in future especially for the therapy management of HCV genotype 1 and 4 

infected patients.  Furthermore, the development of, indigenous, cheaper and relatively safer, 

complimentary and alternative medicines/products is also the need of hour, particularly for 

the developing country like Pakistan. 
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