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Introduction
Hepatitis C is a blood-borne viral infection that is caused by 

Hepatitis C Virus (HCV), a hepatotropic RNA virus, with a propensity 
to affect the liver.  It is recognised as a major public health problem 
worldwide responsible for chronic liver disease and a variety of extra-
hepatic manifestations. It is primarily transmitted via the parenteral 
route which includes injection drug use, blood transfusion, unsafe 
injection practices, and other healthcare related procedures. HCV 
causes acute hepatitis which is mostly subclinical and gradually evolves 
into chronic hepatitis in about 80% of those infected [1]. For a long time 
hepatitis C remained obscure to researchers and one of the reasons is its 
clinically silent nature. Most patients with acute infection are symptom 
free and only a small proportion develops jaundice. Chronic HCV 
infection may be associated with vague, non-specific symptoms such 
as fatigue, joint pain, and discomfort in the right-upper quadrant of the 
abdomen. Patients usually become symptomatic when complications 
of chronic liver disease or extra-hepatic manifestations develop [2]. 

HCV is an enveloped positive stranded Ribonucleic Acid (RNA) 
virus belonging to genus Hepacivirus in the family Flaviviridae. It 
was first detected in 1989 using molecular biology techniques after 
extensive testing of serum from experimentally infected animals [3]. 
It is now widely recognized as one of the common aetiological agents 
for cirrhosis of the liver and is the leading cause of liver transplantation 
and the most common chronic blood borne infection in developed 
countries like the USA [4]. HCV is classified into 6 broad genotypes 
and numerous subtypes, with wide genomic variations. This has led it 
to be an enigmatic challenge for both clinicians and researchers.

Global Epidemiology
The total global prevalence of HCV is estimated to be at an average 

of 1.6% (1.3-2.1%), corresponding to 115 (92-149) million viraemic 
infections. The majority of these infections, 104 (87-124) million, are 
among adults (defined as >15 years) with an anti-HCV infection rate of 
2.0% (1.7- 2.3%). The viraemic (RNA positive) prevalence is believed to 
be 1.1% (0.9-1.4%), which corresponds to 80 (64-103) million viraemic 
infections [5]. 

Globally, genotype 1 (G1) accounts for 46% of all HCV infections 
among adults making it the most common, followed by G3 (22%), G2 
(13%), G4 (13%), G6 (2%), and G5 (1%) [5]. Undefined or combination 
of genotypes accounts for 3% of the total HCV infections. Among the 
subtypes, genotype 1b is the most common sub-type, accounting for 
22% of all infections [5]. However there are significant variations in 
the global distribution of genotypes. Genotype 1 is the predominantly 
dominating genotype in Australasia, Europe, Latin America and North 
America (53-71% of all cases) [5]. Genotype 4 is the most common 
(71%) in North Africa and the Middle East [5]. In Asia the predominant 
genotype is G3 (39%) followed by G1 (36%) [5].

Epidemiology: The Indian Perspective
Currently India harbours an estimated 10 -15 million chronic 
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carriers of HCV, which is a major cause of liver related mortality and 
morbidity of the country [6]. The prevalence of Hepatitis C Virus 
(HCV) infection in the general population is estimated to be around 
0.5%–1.5% [6]. However, the prevalence of HCV is variable in different 
high risk populations according to various studies and there is still a 
paucity of data from large multi-centric studies. Studies on voluntary 
or mixed donors have reported a prevalence of hepatitis C below 2% 
[4]. In a large community based systematic study from the Indian state 
of West Bengal the prevalence was documented to be around 0.71% 
[7]. On the contrary, a comparatively smaller study from the north 
eastern state of Arunachal Pradesh showed a much higher prevalence 
of hepatitis C of 7.89% [8]. A recent study done in Mizoram, another 
state in the north east of the country, showed a HCV prevalence of 
71.2% among the active injection drug addicts [9]. There continues to 
be variations in reporting the HCV prevalence, depending upon the 
geographical region population sub-groups included in these studies.

Overall, genotype 3 is the predominant genotype (63.85%) followed 
by genotype 1 (25.72%) in India [6]. However there is a genotypic 
difference in different geographical regions of India, with genotype 
3 being the commonest in northern, eastern and western India while 
genotype 1 is the commonest in the southern states of India (Figure 1). 
Besides the widespread prevalence of genotypes 3 and 1, there is also a 
trend of increased prevalence of genotypes 4 and 6 in certain regions of 
the country. Genotype 4 is found mostly in south Indian patients from 
the states of Andhra Pradesh and Tamil Nadu [6]. Genotype 6 is found 
to be prevalent exclusively in patients from north eastern parts of the 
India [6]. It is also to be noted that there is also increased prevalence of 
genotype 6 in various parts of the neighbouring country of Myanmar 
which shares its boundaries with the north-eastern states of India thus 
showing an ecological niche for HCV genotype 6 in north-eastern 
India and adjacent geographical areas [10]. Genotype 2 has rarely been 
reported from India whereas genotype 5 is yet to be reported6. Such 
epidemiological studies and trend analysis are important in the wake 
of licensure of the newer generation DAA which may revolutionize the 
management of HCV. However, it must be stressed that the reported 
distribution of the various genotypes can be expected to change with 
increasing migration of population and changes in high risk behaviour 
and lifestyle.

Virological Diagnosis of Hepatitis C
Virological diagnosis of HCV infection is based on two categories 

of laboratory tests: (i) indirect tests - serologic assays detecting 
specific antibody to HCV (anti-HCV) and (ii) direct tests - assays that 
can detect, quantify, or characterize the components of HCV viral 
particles, such as HCV RNA and core antigen. Anti-HCV is typically 
identified by using Enzyme-Linked Immunosorbent Assay (ELISA) or 
Chemiluminescence Assays (CIA) (Table 1). Newer generation assays 
have made the diagnosis by these tests highly specific. Confirmation of 
serological reactive tests may be done by a Nucleic Acid Test (NAT) 
for detection of HCV RNA. A third way for diagnosis is detection of 
the core antigen of HCV by ELISA. Evaluations in transfusion settings 
have shown that the HCV core Ag assay detects HCV infection as 
effective as NAT [11]. A simplified approach to the diagnosis of HCV 
is depicted in Figure 2.

Treatment Strategies of HCV
Whom to treat

According to the current guidelines antiviral treatment is 
recommended for all patients with chronic HCV infection, except 
those with limited life expectancy due to non-hepatic causes [12].  If 
resources limit the ability to treat all infected patients immediately as 
recommended, then it is most appropriate to treat those at greatest 
risk of disease complications before treating those with less advanced 
disease or persons with risk of HCV transmission or in whom treatment 
may reduce transmission (Tables 2 and 3)

How to treat 

The selection of a treatment regimen will be determined by 
several factors. These include HCV genotype, treatment history, 
stage of fibrosis, medications for comorbid medical conditions, and 
adherence factors. The presence of associated co-morbid conditions 
like advancing age, chronic kidney disease, co-infection with HIV 
make the treatment protocols more complicated. Based on the joint 
recommendations issued by the American Association for the Study 
of Liver Diseases (AASLD) and the Infectious Diseases Society of 
America, in collaboration with the International Antiviral Society USA 

Figure 1: Showing regional distribution of HCV genotypes in India.
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(IAS-USA2015), the brief summary of recent treatment guidelines for 
HCV is as follows [12].

Genotype 1: New interferon-free regimens comprising of Direct 
Acting Antiviral (DAA) are now the standard of care for the treatment 
of chronic hepatitis C genotype 1 infection. For initial therapy of 
treatment-naive patients with genotype 1 infection, four regimens with 
similar efficacy are recommended [12-15] (a) ledipasvir-sofosbuvir 
(b) ombitasvir-paritaprevir-ritonavir with or without ribavirin, (c) 
sofosbuvir plus simeprevir with or without ribavirin, or (d) daclatasvir 
plus sofosbuvir with or without ribavirin. 

For retreatment of patients with genotype 1 who had no resolution 
despite prior therapy with peg-interferon and ribavirin, one of 
following regimens that have similar efficacy are recommended [12]: 
(a) ledipasvir-sofosbuvir with or without ribavirin, (b) ombitasvir-
paritaprevir-ritonavir and dasabuvir with or without ribavirin, (c) 
sofosbuvir plus simeprevir with or without ribavirin, or (d) daclatasvir 
plus sofosbuvir with or without ribavirin. The use of ribavirin and the 
duration of therapy depend on the HCV genotype 1 subtype and on 
cirrhosis status. The duration of therapy with ledipasvir-sofosbuvir is 
12 weeks without cirrhosis; those with cirrhosis can receive ledipasvir-
sofosbuvir for 24 weeks or ledipasvir-sofosbuvir plus ribavirin for 12 
weeks.

In patients with genotype 1 infection who previously failed 
sofosbuvir plus ribavirin, with or without peginterferon, the 
recommended regimen is ledipasvir-sofosbuivr plus ribavirin [12]. The 
duration of therapy is 12 weeks without cirrhosis and 24 weeks with 
cirrhosis. For treatment-naive and treatment-experienced patients 
with genotype 1 infection, the new benchmark for sustained virologic 

response rates is 90% or greater.  The major barrier to treatment with 
all new therapies is the extremely high cost of a treatment course.

Genotype 2: The standard of care for initial treatment of HCV 
genotype 2 consists of sofosbuvir plus ribavirin, which typically achieves 
an SVR rate of 90% or better; the duration of therapy, is 12 weeks in 
patients without cirrhosis and 16 weeks in those with cirrhosis [12]. For 
initial treatment of patients with HCV genotype 2 who are intolerant to 
ribavirin, the 12-week regimen of daclatasvir plus sofosbuvir provides 
a new ribavirin-free option [16,17]. The recommended retreatment of 
patients with genotype 2 and prior treatment failure with peginterferon 
and ribavirin consists of sofosbuvir plus ribavirin for 16 or 24 weeks; 
the optimal duration remains unclear [12]. For retreatment of patients 
with genotype 2 who previously failed therapy with sofosbuvir plus 
ribavirin, the recommended regimen is either (a) daclatasvir plus 
sofosbuvir (with or without ribavirin) for 24 weeks or (b) sofosbuvir 
plus ribavirin plus peginterferon for 12 weeks [12]. The demand and 
interest for studies that examine future therapies for genotype 2 are 
somewhat limited given the very high SVR rates with the all-oral 
regimen of sofosbuvir plus ribavirin.

Genotype 3: With new direct-acting antiviral treatments, genotype 
3 has emerged as the most difficult genotype to treat. The recent FDA 
approval of daclatasvir has significantly expanded and improved 
treatment options for patients with genotype 3 infection. 

Three regimens are recommended for genotype 3 treatment-
naive patients [12,18]: (1) daclatasvir plus sofosbuvir for 12 weeks 
(in patients without cirrhosis), (2) daclatasvir plus sofosbuvir, with 
or without ribavirin, for 24 weeks (in patients with cirrhosis), or (3) 
sofosbuvir plus ribavirin plus peginterferon for 12 weeks (with or 
without cirrhosis).

The recommended regimens for genotype 3 treatment-experienced 
patients who have failed prior treatment with peginterferon and 
ribavirin are [12]: (1) daclatasvir plus sofosbuvir for 12 weeks in 
patients without cirrhosis and 24 weeks along with ribavirin in those 
with cirrhosis, or (2) sofosbuvir plus ribavirin plus peginterferon for 12 
weeks (with or without cirrhosis). 

The recommended regimen for genotype 3 treatment-experienced 
patients who have failed prior treatment with sofosbuvir consists of 
either [12] (1) daclatasvir plus sofosbuvir plus ribavirin for 24 weeks, or 

Type of ELISA test
(ELISA/CIA)

Antigenic targets for HCV diagnosis
Core NS3 NS4a NS5b

ELISA 1st Generation - - + -
ELISA 2nd Generation + + + -

ELISA 3rd Generation/ CIA + + + +

*Modified from AASLD, IDSA, IAS-USA. Recommendations for testing, managing, 
and treating hepatitis C.

Table 1: Showing various ELISA techniques and their ability to detect different 
antigenic targets for HCV diagnosis*.

Figure 2: Algorithmic approach to HCV diagnosis.
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(2) sofosbuvir plus ribavirin plus peginterferon for 12 weeks. The major 
barrier to treatment and retreatment with sofosbuvir plus daclatasvir 
regimens in patients with genotype 3 infection remains the high cost of 
therapy, particularly with the 24-week all-oral combinations.

Genotype 4: For initial therapy of treatment-naive patients 
with genotype 4 infection, three regimens with similar efficacy are 
recommended [12,19] in the (a) ledipasvir-sofosbuvir for 12 weeks, 
(b) ombitasvir-paritaprevir-ritonavir plus ribavirin for 12 weeks, or 
(c) sofosbuvir plus ribavirin for 24 weeks. For retreatment of patients 
with genotype 4 who previously failed therapy with peginterferon 
and ribavirin, the recommended regimens are the same as initial 
therapy, except they also include the option to use a 12-week course of 
sofosbuvir plus ribavirin plus peginterferon [12]. The investigational 
medications grazoprevir and elbasvir have promising activity against 
genotype 4 HCV infection [12]. As in other modes of therapy the major 
barrier to treatment of patients with genotype 4 infection is the high 
cost of a treatment course.

Genotype 5 & 6: Recommendations for initial treatment or 
retreatment are based on in vitro data and limited experience in clinical 
trials. The recommended regimen for initial treatment or retreatment 
of patients with genotype 5 or 6 is a 12-week course of ledipasvir-
sofosbuvir [20, 21].

The recommended regimen for retreatment of patients with 
genotype 5 or 6 who previously failed peginterferon plus ribavirin 
consists of [12] (a) ledipasvir-sofosbuvir for 12 weeks or (b) sofosbuvir 
plus ribavirin plus peginteferon for 12 weeks. The fixed dose 
combination grazoprevir-elbasvir is a promising investigational agent 
to treat genotype 5 or 6 infection [12].

Besides identification of genotype the treatment modalities are 
further sub-classified when associated with other co-morbidities like 
chronic kidney disease, organ transplantations and HIV co-infection. 
Furthermore there are certain genetic variations especially the one 
near the IL-28B gene have been associated with response to HCV 
therapy with peg-Interferon and ribavirin. Though these IL-28B gene 

polymorphisms may have a lesser role to play in the era of DAAs 
certain studies [22,23] have shown that such gene polymorphisms are 
associated with virolological response rates in both genotype 1 and 
genotype 3.

Implications of Newer Treatment Modalities - Indian 
Scenario

With the rapid development of newer drugs in the armamentarium 
against HCV the management of HCV is undergoing a global 
revolution. Drugs like sofosbuvir are destined to change the current 
treatment policies and bring about a revolution in the way we think 
of HCV treatment. However, in the Indian scenario, one needs to 
consider the genotype patterns, the stage of the disease and affordability 
of treatment before implementation of the proposed international 
guidelines.

Unlike in western countries where genotype 1 is more common, 
the most prevalent HCV genotype in India is genotype 3. Prior to 
the AASLD-IDSA-IAS-USA guidelines of 2015, most guidelines [24] 
had clubbed together “genotype 2 and 3” as easier to treat genotypes. 
However experience from India has shown that genotype 3 is a 
comparatively difficult genotype to treat [25]. Studies have shown that 
this genotype is associated with higher steatosis, has a faster progression 
to fibrosis [26] and has higher incidence of hepatocellular carcinoma 
[27] along with a poorer treatment response as compared to genotype 
2. In an attempt to follow the western guidelines, although it is often 
presumed that the Indian population would respond in a similar way as 
Americans or Japanese respond, but it has been shown to be otherwise 
[25]. It is with this background that one must consider the consensus 
statement of 2014 recommended by the HCV task force of the Indian 
National Association for Study of the Liver on HCV infection in India 
[25].

These guidelines recommend standard of care therapy for chronic 
hepatitis C patients with presently available drugs while awaiting the 
entry of newer DAA into the Indian market. At this point of time, when 
the entire western scientific community is highlighting the positive 
effect of the DAA, with the AASLD-2015 guidelines considering 
Peg-IFNa/RBV therapy as “not recommended”, local compulsions in 
resource limited countries like India would probably still require the 
continued use of standard treatment regimes and would even consider 
use of conventional IFN. Where cost is a limiting factor in developing 
countries like India, relatively less efficacious but cheaper modes of 
therapies like INF may still be considered as an alternative option, as 
long as newer DAAs are unaffordable to the majority of the patients. As 
an example, in the neighbouring country of Pakistan, more than 20,000 
persons have received therapy with conventional IFN, which has been 
funded by the state [28].

Another major point of discordance in the Indian guidelines, as 
compared to international guidelines, has been the recommendation 
to consider deferring treatment for certain groups of patients like those 
with (i) low levels of fibrosis,  (ii) those with failed interferon therapy, 
(iii) are interferon-intolerant and (iv) stable patients after liver and 
kidney and liver transplant. For such patient groups it will probably 
be better to wait till such safer therapies become freely available and 
affordable in India.

However with the arrival of Sofosfubir in early 2015 the Indian 
guidelines are also expected to undergo a dramatic change. Although 
efforts are on to bring these drugs within the reach of people at an 
affordable cost, it is not clear as to how much time it will take. Time 
and more intense studies demonstrating the efficacy of the DAAs in 

Highest priority for treatment owing to highest risk for severe 
complications
     Advanced fibrosis or compensated cirrhosis 
     Organ transplant recipients
     Type 2 or 3 cryoglobulinemia with end-organ manifestations
     Proteinuria, nephrotic syndrome, or membranoproliferative glomerulonephritis
High priority for treatment owing to high risk for complications
     Fibrosis 
     HIV-1 coinfection
     Hepatitis B virus coinfection
     Other coexistent liver disease (e.g., nonalcoholic steatohepatitis)
     Debilitating fatigue
     Type 2 diabetes mellitus (insulin-resistant)
     Porphyria cutanea tarda

Table 2: Hepatic complications and extra-hepatic disease conditions likely to 
benefit from early antiviral treatment for HCV [12].

Men who have sex with men with high-risk sexual practices
Active injection-drug users
Incarcerated persons
Persons on long-term hemodialysis
HCV-infected women of childbearing potential wishing to get pregnant
Infected health care workers who perform exposure-prone procedures

Table 3: Persons with risk of HCV transmission where antiviral treatment may 
reduce transmission [12].
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the Indian patients is needed before a national consensus guideline 
incorporating regimens at par with international guidelines can be 
implemented.

Conclusion
Hepatitis C continues to be a major global threat leading to 

development of chronic hepatitis, cirrhosis and hepatocellular 
carcinoma. The distribution of HCV has wide geographic variations 
with multiple genotypes and subtypes. The pattern of distribution 
in India too is diverse with a distinct geographic heterogeneity in 
distributions of the different genotypes. Furthermore, an enigmatic 
presence of HCV genotype 6 in a certain ecologic niche in the north-
eastern part of the country makes the management more challenging. 
As the treatment undergoes dramatic changes with newer drugs 
revolutionizing the management protocols, India too has to incorporate 
these newer changes. Nevertheless, keeping in mind the accessibility 
and affordability of the newer regimens in a lower-middle income 
country like India, it is perhaps not yet time to completely abandon the 
conventional modes of therapy which are currently being used.
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