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INTRODUCTION 


Hepatitis  C  virus  is  an  important  cause  of  chronic  hepatitis  and  primary  
 hepatocellular  carcinoma.  HCV  genotypes  can  vary  in  pathogenicity  and  can  
 have  an  impact  on  treatment  outcome.  Acute  infection  becomes  persistent  
 with  long  term  viremia  in  50-85%  of  infected  individuals.  Persistent  infection  
 with  HCV  leads  to  cirrhosis  and  hepatocellular  carcinoma.  The  high  rate  of  
 chronicity  and  lack  of  successful  vaccine  makes  Hepatitis  C  virus  a  serious  
 threat  to  public  health.     


According    to    WHO,    Hepatitis    C    virus    is    an    emerging    infection  
 affecting  an  estimated  130  -  150  million  people  worldwide  and  between  
 3,50,000  and  5,00,000  of   them   die  each   year4.      Chronic   infection   with  


Hepatitis  C  virus  is  seen  in  3%  of  the  world’s  population  17.   Currently      
 12.5  million  carriers  are  found  in  India.  HCV infection accounts  for  about  


15-20%  of  all  chronic  liver  diseases  and  among  5-10%  of  Hepatocellular  
 carcinoma  cases.  It  is  the  most  common  cause  of  post  transfusion  hepatitis.    


Hepatitis  C  virus  infection  is  a  one  of  the  common  cause  of  liver  transplant  
 worldwide. 


It  is  estimated  that  4-5  million  people  are  co-infected  with  HIV  and  
HCV4.  HCV  is  one  of  the  important  causes  for  mortality  in  HIV-  positive  
patients  on  HAART.  Most  people  infected  with  HCV  are  not  aware  that  
they  are  infected;  therefore  HCV  has  been  called  as  silent  epidemic.   
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When   serological   test   for   HBV   and   HAV   were   developed   during  
 1970s   it  became   evident   that  the   majority   of   transfusion-related  hepatitis  
 must    be    caused    by    yet    another    agent    called    NonA,    NonB.    Studies    in  
 chimpanzees  confirmed  that  NANB  hepatitis  was  transmissible  and  due  to  a  
 small  lipid  enveloped  virus.  It  was  first  identified  by  scientists  at  the  CDC  
 and  NIH  in  1989.  It  was  detected  by  employing  molecular  techniques  on  
 large  volumes  of  high  titer  infectious  chimpanzee  plasma7.  Key  contributors  
 are   Harvey    Alter,    Daniel    Bradley   and    Michael   Houghton.    Following    its  
 discovery,  screening  for  HCV  infection  has  led  to  a  decrease  of  risk  of  
 transfusion-related  hepatitis  in  United  States.   


Hepatitis  C  virus  belongs  to  Flaviviridae  family,  genus  Hepacivirus  
 (from  the  Greek  hepar,  hepatos  means  liver).  It  is  a  small,  single  stranded  
 positive  sense  RNA  virus  with  icosahedral  symmetry.  The  length  of  genome  
 is  approximately  9.6  kilo  bases.    It  is  50-60  nm  in  size  surrounded  by  an  
 envelope  and  glycoprotein  spikes.  The  Hepatitis  virus  does  not  enter  the  
 nucleus.  Viral  replication  takes  place  in  the  cytoplasm. 


HCV  genome  is  highly  mutative,  lacks  efficient  proof  reading  ability  
as  it  replicates.  Virions  undergo  evolution  with  time  and  circulate  in  infected  
individuals  as  a  population  of  diverse  but  closely  related  variants  referred  to  
as  “quasispecies”3.  Mutation  occurs  in  hyper  variable  region  of  the  genome  
coding  for  envelope  proteins  and  escapes  from  the  immune  system,  at  the  
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same    time    knocks    off    innate    immunity    resulting    in    chronic    persistent  
 infection.   


The  virus  shows  considerable  genetic  diversity.  It  can  be  differentiated  
 into  6  genotypes  and  nearly  100  subtypes  based  on  RNA  sequence  analysis.  


Genetic  variabilities  are  recognized  as  an  important  factor  for  the  prognosis,  
 monitoring    and    outcome    of    HCV    mediated    chronic    liver    disease.    HCV  
 genotypes  have  distinct   geographical  distribution.  Genotype  1   is  common  
 accounting  for  60%  global  infection.  Type  3  is  prevalent  in  South  East  Asia.  


Most  of  the  studies  in  India  reported  the  prevalence  of  genotype  3  in  North  
 and  genotype  1  in  South. 


HCV  genotypes  differ  from  each  other  by  30-35%  nucleotide  sites.  


Strains  from  each  subtype  vary  at  <15%  of  nucleotide  sites.    Duration  of  
treatment,    cure    rates,    the    need    for    interferon,    ribavarin    and    recently    a  
combination  therapy  with  the  new  Direct  Acting  Antivirals  (DAA)  also  base  
on   the  genotypes  and  subtypes.    The   formulation  of   treatment  strategies  
using  Direct   Acting   Antiviral   requires   knowledge   of   prevalence  of   HCV  
genotype.  HCV  genotype  1,4,5,6  has  been  reported  to  show  poorer  response  
to  conventional  antiviral  drugs.  While  up  to  80%  of  the  genotypes  2  and  3  
can  be  cured  with  the  standard  treatment.  HCV  1b  is  implicated  in  accelerated  
progression  of  chronic  liver  disease.   
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The    incubation    period    of    Hepatitis    C    virus    averages    6-8weeks.     


Hepatitis  C  virus  can  cause  acute  or  chronic  infection.  Acute  infections  are  
 usually  asymptomatic  or  clinically  mild.  The  infection  is  usually  recognized  
 only  when  it  becomes  chronic.  Spontaneous  clearance  of  infection  is  unusual  
 in  acute  Hepatitis  C,  with  nearly  50-90%  of  the  infection  becoming  chronic.    


Neutralising  antibodies  are  produced  during  course  of  infection,  yet  the  virus  
 mutates  to  escape  from  immune  system.  This  leads  to  persistent  infection.  


Cirrhosis    is   a   significant   complication    of    chronic    infection.    Hepatitis    C  
 infection  is  an  independent  risk  factor  for  HCC  after  development  of  cirrhosis.   


Extrahepatic  immunological  manifestations,  such  as  cryoglobulinemia,  
 autoimmune    thyroiditis,    membranoproliferative    glomerulonephritis    and  
 Rheumatoid  factors  are   a  prominent  part   of   hepatitis   C  infection.   Major  
 causes  for  death  in  patients  with  HCV-related  cirrhosis  are  portal  hypertension  
 and  hepatocellular  carcinoma3. 


Blood  transfusion,  Intravenous  drug  abuse,  unsafe  therapeutic  injections  
 and  health  care  related  procedures  are  common  modes  of  spread  of  Hepatitis  
 C  virus;  Less  common  routes  being  vertical  and  sexual  transmission.  Major  
 route  of   Hepatitis  C  infection  is  IV   drug   abuse   in   developed   countries.  


Common  routes  of   HCV  transmission  in  India  are  blood  transfusion  and  
unsafe  therapeutic  procedures.  This  is  shown  by  several  studies  where  the  
antibody  positivity  rate  for  patients  who  transfused  blood  before  1995  was  
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16%  and  patients  who  received  blood  transfusion  after  1995  was  6%47.  In  
 intravenous  drug  abuse  antibody  prevalence  ranges  from  5-93%  whereas  in  
 hemodialysis  patients  it  ranges  from  4.3%-45.2%.     


The  first  step  used  for  the  detection  of  Hepatitis  C  virus  is  serological  
 tests.    ELISA    and    the    recombinant    immunoblot    assay    are    in    their    third  
 generations  with  increased  sensitivity  and  more  specificity.  Serological  false  
 negativity  in  HCV  may  occur  in  immuno-compromised  individual  and  during  
 acute  phase  of  infection  i.e  preseroconversion  window  period.  False  positive  
 results  can  also  occur  frequently.  One  possible  reason  is  people  who  clear  
 infection  may  remain  anti-HCV  positive  for  many  years.  Serological  tests  for  
 Hepatitis  C  Virus  cannot  differentiate  people  who  had  spontaneous  resolution  
 from   those   who   are    chronically   infected.       It    is   necessary    to   determine  
 presence  of  virus  in  the  circulation.   


The  molecular  diagnostic  techniques  are  the  most  sensitive  and  specific  
 tests.  Molecular  technique  detects  HCV  RNA  and  also  confirms  acute  stage  
 of  infection.  Quantitative  assay  is  necessary  for  monitoring  prognosis.  The  
 analysis  of  Hepatitis  C  Virus  genotypes  has  become  an  important  factor  for  
 planning  treatment.   


There  is  a  paucity  of  data  available  about  the  prevalence  of  various  
 HCV    genotypes    in    patients    with    chronic    liver    disease    in    Coimbatore.  


Considering  the  importance  of  Hepatitis  C  virus  infection  among  chronic  
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liver  disease  patients  and  its  associated  morbidity  and  mortality,  this  study  
 has  been  undertaken  in  CMCH,  a  tertiary  care  hospital.   


The    study    deals    with    sero-prevalence    and    predominant    genotypes  
present    among    chronic    liver    disease    patients    attending    medical  
gastroenterology  and  allied  departments. 
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AIMS  AND  OBJECTIVES 


AIM: 


To  study  the  prevalence,  risk  factors  of  hepatitis  C  virus  infection  in  
 chronic    liver    disease    patients    attending    various    clinical    departments    at  
 CMCH    and    analyse    whether    specific    genotype    is    associated    with    an  
 increased  risk  of  cirrhosis  and  Hepatocellular  carcinoma 


OBJECTIVES: 


1.  To  screen  hepatitis  C  virus  infection  in  patients  with  chronic  liver  
 disease  by  ELISA  method. 


2.  To  detect  HCV  RNA  by  real  time  RT-PCR. 


3.  To  confirm  the  Hepatitis  C  virus  sero-positivity    by  RT-  PCR. 


4.  To  identify  the  genotypes  by  RT-PCR .  


5.  To  evaluate association  of  genotypes  in  patient  with  chronic  liver  
disease. 
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REVIEW  OF   LITERATURE 
 Hepatitis  Viruses 


Many  viruses  can  produce  damage  to  the  liver,  most  common  being  
 primary    hepatitis    viruses.    Yellow    fever,    Herpes    simplex    virus,    Rubella,  
 Enterovirus  and  Adenoviruses  can  also  cause  hepatitis1.  Ebstein  Barr  virus  
 and  cytomegalovirus  can  cause  symptomatic  hepatitis.  The  primary  hepatitis  
 viruses  are   diverse  group.  The  alphabet  soup  of  hepatitis  is  summarized  
 below. 


Hepatitis  A  virus 


Infectious  hepatitis  is  caused  by  Hepatitis  A  Virus.  It  belongs  to  genus  
 Hepatovirus  in  the  family  Picornaviridae.  HAV  is  transmitted  principally  by  
 faeco-oral  route. 


Hepatitis  B  virus 


HBV  is  the  most  common  type  among  hepatitis  viruses.  It  belongs  to  
 the   family    Hepadnaviridae   under   the  genus   Orthohepadnavirus.   It   causes  
 serum   hepatitis.   Infection   with   HBV   can   also   lead   to   chronic   hepatitis.  


Hepatic  complications  are  cirrhosis  and  hepatocellular  carcinoma. 


Hepatitis  D  virus 


It  is  a  defective  virus  which  cannot  replicate  by  itself  and  requires  
Hepatitis  B  virus  for  its  survival. 
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 Hepatitis  E  virus 


It  causes  enterically  transmitted  hepatitis  primarily  occurring  in  young  
 adult.  It  has  been  assigned  to  a  unique  genus  Hepevirus  under  the  family  
 Hepeviridae. 


Hepatitis  G  virus 


HGV  was  discovered  in  1995.  It  is  related  to  family  Flaviviridae,  
 under  the  genus  Pegivirus.  It  is  transmitted  through  contaminated  blood  or  
 blood  products,  or  via  sexual  contact.  It  is  not  hepatotropic  and  does  not  
 cause  hepatitis. 


Hepatitis  virus  infection 
 Pathology 


The    word    ‘Hepatitis’    means    inflammation    of    the    liver.    The  
 parenchymal  changes  are  spotty  degeneration  with  necrosis,  a  diffuse  lobular  
 inflammatory    reaction,    and    disruption    of    liver    cell    cords    which    are  
 accompanied  by  reticuloendothelial  cell  hyperplasia,  periportal  infiltration  by  
 mononuclear  cells  and  cell  degeneration.  Localised  areas  of  necrosis  and  
 accumulation  of  macrophages  near  degenerating  hepatocytes  are  observed. 


Histological    features    of    Chronic   active    hepatitis    are    inflammation,  
necrosis   and   collapse   of    the   normal    reticulum    framework   with   bridging  
between  the  portal  triads  or  terminal  hepatic  veins1. 
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 Hepatitis  C  Virus 


Ever  since  its  discovery  in  1989  as  a  causative  agent  of  transfusion  
 associated  non-A  non-  B  hepatitis7,  HCV  has  been  increasingly  recognised  
 as  a  global  health  problem.  It  is  a  predominant  cause  of  transfusion  associated  
 hepatitis  and  chronic  liver  disease  worldwide,  more  so  in  the  developing  
 countries.  Chronic  HCV  is  associated  with  wide  range  of  disease  ranging  
 from  liver  cirrhosis  end  stage  liver  disease  and  HCC. 


Epidemiology 
 Global  burden 


HCV  has  worldwide  distribution,  affecting  persons  of  all  ages,  races,  
 gender  and  regions  of  the  world.  HCV  accounts  for  more  than  350,000  
 deaths  annually4,  mortality  in  HCV  infection  is  attributed  to  liver  cirrhosis  
 and  hepatocellular  carcinoma2.  Prevalence  higher  than  the  global  average  has  


been    reported    from    Africa    (3.2%)    and    the    Middle    East    (4.7%)    3.      
 The  Scandinavian  countries  have  prevalence  of  0.5%  where  as  in  Egypt  it  


is  >20%17. 
 Indian  scenario 


HCV  infection  is  an  emerging  cause  of  liver  disease  in  India.  Blood  
transfusion  and  unsafe  injection  practices  are  believed  to  be  two  major  routes  
of  transmission  of  HCV  in  India  where  about  20  million  people  are  known  
to  have  been  affected  by  HCV. 
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The  largest  study  by  Chowdhury  and  colleagues  from  west  Bengal  
 showed  the  prevalence  of   HCV  antibody  in   general   population  is  about  
 0.87%6  and  among  blood  donor  population  1.8-2.5%17.  81%  of  those  who  
 were  anti-HCV  positive  showed  the  presence  of  HCV  RNA. 


Scenario  in  Tamilnadu 


A    study    by    V.    Gowri   et    al    from    Vellore    showed    overall    sero-
 prevalence  in  the  various  group  was  0.22%11.  The  sero-prevalence  of  HCV  
 is  8.2%  in  liver  disease  patients16. 


Hepatitis  C  Virus 


Classification  and  taxonomy: 


HCV  has  been  classified  as  a  member  of  the  family  Flaviviridae,  
 along  with  other  related  positive  stranded  RNA  viruses.  The  virus  however,  
 is  distinct  enough  to  merit  classification  within  a  separate  genus,  Hepacivirus.  


Closely  related  genus  include  the  genus  the  Flavivirus  eg.,  yellow  fever  virus  
 and  dengue  viruses  and  the  genus  pestivirus  eg.,  bovine  viral  diarrhea.   


Structure  of  the  virus 


It  is  a  spherical  enveloped  virus  approximately  55nm  in  diameter.  


HCV  genome  is  9.6  kilo  bases  long3.  It  is  a  positive  sense  single  standard  
RNA  virus.  Its  genome  has  one  large  open  reading  frame  which  accounts  
for  over  95%  of  the  sequence.  It  encodes  for  a  single  large  polyprotein,  
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which  is  about  3010  amino  acids  long  and  it  undergoes  post  transitional  
 modifications  to  yield  10  viral  proteins.  Flanking  the  ORF  at  both  5’  and3’  


ends  are  highly  conserved  untranslated  regions  (UTR),  which  mediate  crucial  
 steps  in  viral  translation  and  replication1. 


Untranslated  regions 


The  HCV  5’UTR  is  341  nucleotides  long  and  contains  two  overlapping  
 functional  regions.  The  5’  125  nucleotides  are  needed  for  viral  replication  
 whereas  the  remainder  of  the  5’  UTR  appear  to  play  an  accessory  role  in  
 this    process.    It    has    an    overlapping    approximately    300    nucleotide    long  
 segment,  known  as  “internal  ribosomal  entry  site”  (IRES)  which  directs  the  
 cap  independent  translation  of  the  viral  ORF3. 


The  3’  UTR  consists  of  30-60  nucleotide  segment  and  highly  variable  
 poly-U/UC  tract  of  50-100  nucleotides.  There  is  a  highly  conserved  98   -  
 base  sequence  in  the  downstream  of  the  poly  U/UC  Tract  designated  as  
 3’X”  region.  This  highly  structured  3’  terminal  98  base  sequence  is  the  most  
 conserved  region  of  HCV  genome.  The  kissing  loop  interaction  between  3’X  
 region  with  the  NS5B  coding  region  and  33  consecutive  U  residues  segment  
 in  the  poly  U/UC  tract  is  essential  for  viral  RNA  replication.   


Recent  work  shows  that  the  poly  U/UC  tract  is  the  principle  pathogen  
associated  molecular  pattern  sensed  by  human  cytoplasmic  pattern  recognition  
receptor.  The  unusual  feature  of  HCV  replication  that  involves  the  UTRs  is  
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the    presence    of    complimentary    sequences    for    liver    specific    microRNA  
 122(miR122).  This  interaction  is  found  to  be  necessary  for  HCV  replication,  
 potentially  contributing  to  the  hepatotropism    of    HCV3. 


Polyprotein 


It    is    encoded    by    open    reading    frame    and    it    is    co-translationally  
 processed  into  atleast  10  proteins.  It  includes  three  “structural”  proteins:  the  
 nucleocapsid  protein,  core(C)  and  two  envelope  proteins  (E1  and  E2);  two  
 proteins  that  are  essential  for  virion  production  but  are  not  required  for  viral  
 RNA  replication  (p7  and  NS2)  and  five  non-structural  proteins  (NS3,  NS4A,  
 NS4B,  NS5A,  NS5B)  which  form  viral  RNA  replicase  complex.   


Structural  proteins 


The    structural    component    of    the    virus    particle    is    formed    by    a  
multifunctional  core  protein.  It  is  highly  basic  in  nature.  The  core  protein  is  
known  to  interfere  with  anti-  HCV  immune  responses  through  a  variety  of  
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mechanisms  including  NK  cell  inhibition  via  upregulation  of  MHC  class  1  
 expression,  inhibition  of  T  cell  proliferation  via  interaction  with  complement  
 receptor  and  interaction  with  the  cytoplasmic  tail  of  several  cellular  receptors  
 belonging  to  the  TNF  receptor  family.   


The  core  protein  is  immunogenic,  both  core  protein  and  its  antibody  
 are  typically  present  in  the  serum  of  infected  individuals.   


HCV  has  two  major  envelope  proteins  (E1  andE2)  which  are  produced  
 from  HCV  polyprotein.  The  E1and  E2  protein  are  glycosylated  with  sugar  
 moieties    HCV  particles  assemble  and  exit  the  cell  by  budding  into 
 intracytoplasmic  vesicles  and  then  follow  the  secretary  pathway  for  release3. 
 A  hypervariable  segment  approximately   30  amino  acid  residues  in  
 length  near  the  amino  terminus  of  E2  is  called  as  HVR  1.  It  is  the  most  
 genetically  variable  segment  of  the  envelope  protein.  It  is  assumed  to  exist  
 as  a  polypeptide  long  on  the  surface  of  the  virion.  HVR-1  harbours  one  or  
 more  neutralization  epitopes  and  that  is  a  site  of  mutations  causing  immune  
 escape  during  acute  and  chronic  infection3. 


P7  and  NS2  proteins 


These  two  proteins  may  play  a  role  in  viral  particle  assembly  or  
egress  from  the  cell.  The  protein  is  produced  by  cleavage  of  E2  near  its  
carboxyl   terminus.   This   is   a   small    63aa   hydrophobic   polypeptide   which  
appears  to  be  capable  of  forming  a  voltage  gated  ion  channel.  Its  activity  
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is  required  for  the  production  of  infectious  virions,  inhibited  in  vitro  by  
 amantadine    and    long    alkyl    chain    imino-sugar    derivatives,    representing    a  
 possible  therapeutic  target3. 


The  NS2  protein  is  a  membrane  associated  dimeric  cysteine  protease  
 with  two  composite  active  sites  which  mediate  cleavage  at  the  NS2/NS3.  


The  transmembrane  and  protease  domain  structures  of  NS2  are  needed  for  
 the  formation  of  infectious  particles    in  cell  culture  whereas  the  protease  
 activity  is  not.   


Non-structural  proteins 


These  proteins  are  required  for  RNA  replication  which  occurs  in  a  
 membrane   associated    replicase    complex    within    the    cytoplasm.    The    NS3  
 protein  possesses  serine  protease  activity  in  its  amino  terminal  end  and  an  
 RNA  helicase  with  NTPase  activity  in   its  carboxy  terminus.   Its  activity  
 depends  upon  zinc.  It  is  responsible  for  the  NS3/NS4A  cis  cleavage  and  
 cleavages  of  NS4A/NS4B,  NS$B/NS5A,  NS5A/NS5B.  TheNS4  protein  acts  
 as  cofactor  for  the  NS3  protease.  An  amino  terminal  segments  of  the  protein  
 binds    the    NS3/NS$A    complex    to    intracellular    membrane,    while    NS4A  
 complex  also  interacts  with  NS5A. 


NS4B  is  a  hydrophobic  membrane  associated  protein,  which  mediates  
modifications  of  the  ER  membrane  that  occur  in  association  with  replicase  
assembly  and  also  inhibits  normal  ER-to-  Golgi  secretory  pathways. 
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NS5A  is  a  membrane  bound  anchored  RNA  binding  phosphoprotein  that  
 appears  to  play  role  in  RNA  replication.  NS5B  is  a  membrane  bound  protein  
 that  contains  a  Gly-Asp-Asp  motif  characteristic  of  RNA  dependent  RNA  
 polymerase  and  is  considered  as  the  catalytic  core  of  the  replicase  complex.  


As  with  a  enzymatic  activity  of  NS3  protein,  the  NS5B  RNA  polymerase  
 has  proven  as  a  useful  target  for  drug  development  with  nucleotide  analogue  
 and    non-nucleotide    small    molecule    inhibitor   as    well    as    cyclosporine    A  
 analogue. 


Replication 


Life  cycle  of  HCV  begins  with  attachment  and  internalisation  of  virus  
 into  the  host  cell.  It  is  mediated  by  viral  envelope  glycoproteins  E1  and  E2.  


A  number  of  host  cellular  receptor  such  as  CD81,  LDL  receptor,  and  human  
 scavenger  receptor  SR-B1,  DC-  SIGN,  claudin-1  and  occludin  are  believed  
 to  be  necessary  for  this  process.   


After   attachment   and  entry,   uncoating   of   the   nucleocapsid   occurs,  
 which  leads  to  release  of  the  viral  RNA  into  host  cytoplasm.  As  it  is  a  
 positive  stranded  RNA  it   act  as  messenger  RNA   and  translation  of  the  
 polyprotein  is  initiated  following  ribosomal  mediated  binding  mediated  by  
 the  IRES  domain.   


This  is  followed  by  a  number  of  cleavages  of  the  polyprotein  by  both  
cellular  and  viral  proteases  which  results  in  the  formation  of  various  structural  
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and  non-structural  proteins.  After  cleavage  the  core  protein  stays  in  cytoplasm  
 while  E1  and  E2  are  secreted  in  to  the  endoplasmic  reticulum.  The  non-
 structural  proteins  assemble  to  form  a  membrane  bound  replication  complex. 


The  viral  NS5B  RNA  dependent  RNA  polymerase  (RdRp)  facilitates  
 the  synthesis  of  a  negative  stranded  intermediate.  This  consequently  serves  
 as  a  template  for  synthesis  of  positive  stranded  RNA.    This  RNA,  core  
 protein,  E1  and  E2  proteins  gets  packaged  into  new  viral  particles.  After  
 maturation  and  assembly,  newly  produced  virions  are  released  from  the  host  
 cell  through  the  secretary  pathway. 


Genetic  diversity 
 Quasispecies  variation 


The  high  turnover  of  virion  in  the  absence  of  proofreading  ability  by  
 NS5B  RNA  polymerase  and  tolerance  of  many  genomic  regions  for  multiple  
 nucleotides    resulting    in    the    rapid    accumulation    of    viral    mutations.  


Accumulation  of  a  multitude  of  closely  related  but  distinct  HCV  variants  
 within  an  infected  individual  are  known  as  quasispecies.   


Viral  RNAs   containing   spontaneous   mutation   within   the   HVR   -  1  
 segment  of  the  E2  protein  may  be  favoured  for  survival  in  the  host  when  
 they  reduce  the  binding  of  pre-existing  neutralising  antibodies  to  the  envelope.  


Quasispecies  variation  occurs  in  a  single  individual3.    This  heterogeneity  of  
the    viral    population    may    rapidly    select    treatment    resistant    clones,    thus  
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possibly  reducing  treatment  efficiency  of  the  new  direct  acting  antiviral  drugs  
 recently  approved  for  treating  HCV  infection. 


HCV  Genotypes 


Tremendous  genetic  heterogeneity  and  variation  among  sequences  of  
 HCV  isolated  from  different  individuals  that  has  led  to  their  classification  
 into  genotypes  and  subtypes.  Genotyping  and  subtyping  of  HCV  is  useful  
 for  understanding  of  epidemiology,  vaccine  development,  clinical  management  
 and  therapeutic  measures  against  chronic  HCV  infection.   


Genotyping  is  done  by  sequencing  either  the  5’UTR/core,  NS3  or  of  
 the  NS5b  region  of  HCV  genome.  Phylogenetic  evaluation  of  HCV  sequences  
 recovered  from  different  geographic  zones  suggests  that  there  are  6  genotypes  
 or  clades.  Diversity  of  the  genotypes  at  the  nucleotide  level  is  estimated  to  
 be  about  30%.     


Within  individual  HCV  genotypes  strains  can  be  further  grouped  into  
 subtypes  that  generally  share  75%-85%  nucleotide  identity  within  the  core  
 E1    and    NS5B    regions    of    genome.    Alteration    in    the    rate    of    HCV  
 multiplication,  response  to  interferon  therapy,  or  pathogenicity  of  the  virus  
 due  to  differential  activity  of  HCV  proteins  is  because  of  the  difference  in  
 nucleotide  sequence. 


The  quasispecies  variations  that  exist  within  a  single  person  generally  
have  91-99%  identity  in  these  regions3.  This  genetic  diversity  is  independent  
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of  differences  in  clinical  disease  although  variations  exist  in  response  to  
 antiviral  therapy  according  to  viral  genotypes1. 


Recently,    studies    emphasised    clinical    importance    of    typing    and  
 subtyping.  Genotype  1  in  particular  responds  poorly  to   IFN-alpha,  while  
 genotypes   2,   3   can  be   treated   favourably.    Studies   on   Japanese   patients  
 showed  that  the  outcome  of  HCV  subtype  1b  infection  treated  with  alpha  
 interferon  therapy  is  correlated  with  genetic  diversity  in  the  NS5A  gene.  


Infection    with    genotype    1    may    progress   rapidly    to    cirrhosis    and    HCC  
 compared  to  genotype  2  and  3. 


Viral  tropism 


HCV  multiplies  inside  the  liver  cells,  and  the  liver  specific  expression  
 of  miR122  may  contribute  to  this  specificity.  Some  studies  observed  the  
 presence  of  negative  strand  HCV  RNA  in  T  cells,  B  cells  and  monocytes  
 especially  in  patients  affected  by  CHC. 


Global  distribution  of  HCV  genotypes 


Genotype  1  found  to  be  the  commonest  genotype  with  a  worldwide  
 distribution  in  USA  and  northern  Europe29.  Genotypes  2  and  3  are  also  
 found  worldwide,  with  a  higher  prevalence  in  Europe,  North  America  and  
 Japan30.  Genotype  3  infection  is  common  in  Southeast  Asia  and  in  the  Indian  
 subcontinent  and  is  also  prevalent  in  intravenous  drug  users  in  the  USA  &  


Europe.  Genotype  4  infections  are  mainly  present  in  Northern  Africa  and  
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Middle  Eastern  Countries.  Genotype  5  appears  to  be  restricted  to  South  
 Africa.  Genotype  6  is  restricted  to  intravenous  drug  users  in  Southeast  Asia  
 and  more  recently  in  Australia30,  31,  32. 


Distribution  of  HCV  genotypes  in  India 


There    are    a    few    studies    which    have    attempted    to    establish    the  
 distribution  of  HCV  genotypes  in  the  country.   


In  the  largest  such  study  by  Christdas  et  al.12,  spanning  over  a  decade  
 2002-2012   and   including  451   patients   from   various   parts   of   the   Indian  
 subcontinent,  genotype  3  was  found  to  be  the  most  predominant  63.85%  


followed  by  genotype  1,4,6  (25.72%,  7.5%  and  2.7%  ).  Genotype  2  was  
 found  in  only  one  patient  from  Northeast  India  and  genotype  5  not  detected  
 till  now.   


Genotype  1  was  commoner  in  South  India  while  genotype  3  was  more  
 prevalent  in  East  and  North-east  parts  of  the  country.  Genotypes  4  and  6  
 appeared  to  be  restricted  geographically  to  the  southern  and  north  eastern  
 parts  of  the  country  respectively,  which  has  been  published  previously  as  
 well33,  34.  Recombinant  strains  of  genotype  1  and  2  were  isolated  from  two  
 patients. 


In  another  study  on  398  patients  from  North  and  Central  India  by  
Hissar  et  al,  the  findings  were  similar.  Genotype  3  was  the  commonest  
genotype,  seen  in  80.2%  patients,  followed  by  genotype  1  in  13.1%  patients35.  
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Genotypes  4(3%)  and  2(2.5%)  were  rare.  There  were  no  cases  of  genotypes  
 5  and  6  infections.  Five  patients  showed  mixed  genotype  infection.   


The  study  by  Sompal  singh  et  al  on  chronic  hepatitis  C  cases  in  north  
 India  showed  that  Genotype  3  was  found  to  be  the  widespread  genotype  25.   
 Natural  History  and  Pathogenesis 


HCV  RNA  can  be  detected  in  plasma  within  days  of  exposure,  often  
 1-4weeks  before  liver  enzyme  levels  rises.  Viremia  reaches  maximum  in  the  
 first  8  to  12wks  of  infection  then  falls  to  lower  levels  and  persists.  In  some  
 instances  plasma  RNA  becomes  undetectable  in  the  first  few  months  and  
 remains  undetectable  indefinitely  (viral  clearance). 


In  other  instances,  Viremia  is  inconsistently  detected  early  and  a  stable  
 pattern  of  recovery  or  persistence  is  not  evident  for  more  than  6  month.  In  
 some   cases   intermittent   Viremia  may   reflect   reinfection   which  has   been  
 observed  in  active  intravenous  users.  In  other  cases  rebounding  Viremia  may  
 indicate  escape  from  an  initially  successful  viral  response.     


Overall  viremia  persists  in  50-85%  of  acutely  infected  persons.  HCV  
infection  more  often  persists  in  African,  American  people  than  whites  and  
in  person  infected  with  HIV  than  immunocompetent  persons.  Persons  who  
develop  clinical  symptoms  are  more  likely  to  clear  infection.  This  correlates  
with  the  more  vigorous  immune  response  in  them.  Noththless  it  is  difficult  
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to   define    the   immunological    mechanisms   of    HCV   persistence   and   their  
 genetic  determinants. 


  


Acute  hepatitis  c  and  spontaneous  clearance 


Acute  hepatitis  can  be  caused  by  HCV.  Acute  infection  with  HCV  is  
mostly  asymptomatic.  It  is  possible  to  detect  HCV  RNA  in  most  of  the  
patients  within  1  to  2  weeks  &  is  followed  by  an  increase  in  liver  enzymes  
by  2-8 weeks.  Symptoms  of  acute  hepatitis  develop  within  3  to  12  weeks  of  
exposure  to  the  virus,  in  about  25  to  30%  of  patients.  However  anti-HCV  
is  not  reliable  in  the  diagnosis  of  acute  infection  as  up  to  about  thirty  
percent  of  cases  will  test  negative  at  the  onset  of  symptoms  because  of  
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delayed   sero-conversion.   Almost   all   patients   will   eventually   develop   anti  
 HCV  whereas  the  titre  will  be  low  in  the  context  of  immunosuppression9. 
 Chronic  HCV  infection  and  progression  of  fibrosis 


Persistence  of  HCV  RNA   for  more  than  6  months  after  onset  of  
 infection  defines  chronic  hepatitis  C.  Age  at  acquisition  of  infection,  sex,  
 race,  immune  status  of  the  patient,  co-infection,  along  with  other  host  and  
 viral  factors  influence  chronicity  of  the  infection8.  The  early  phase  of  the  
 infection  is  marked  by  appearance  of  HCV  RNA,  followed  by  rise  in  serum  
 transaminases. 


It  must  be  noted  that  in  the  time   period  of  evolution  from  acute  
 hepatitis    to    chronic    hepatitis,    HCV    RNA    and    enzyme    levels    can    vary  
 remarkably.  Once  the  infection  gets  persistent,  viral  load  tends  to  stabilise.  


Spontaneous  resolution  of  chronic  infection  is  unusual.  Histological  finding  
 is  the  main  criterion  for  assessing  severity  and  disease  progression26. 


Fatigue,  abdominal  discomfort,  nausea,  and  poor  appetite  are  the  most  
 common    symptoms    seen9.    The    disease    may    remain    clinically    silent   for  
 decades.  However,  hepatocellular  inflammation  and  fibrosis  continues,  leading  
 to  progressive  liver  disease.  The  rate  of  progression  of  the  disease  is  again  
 determined  by  a  multitude  of  modifiable  and  non-modifiable  factors.   


Progressive  hepatic  fibrosis  may  lead  to  cirrhosis  and  decompensated  
liver   disease.   Such   cases   have   a   high   risk   of   developing   hepatocellular  
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carcinoma,  with  1  to  4%  of  patients  developing  this  complication  each  year10.  
 It  usually  takes  more  than  two  decades  of  infection  for  these  long  term  
 complication  to  develop,  unless  accelerated  by  coexistent  factors.  Prognosis  
 of  patients  with  cirrhosis  is  influenced  by  the  onset  of  complications  that  
 occur  at  a  yearly  rate  of  about  5-7%  patients. 


Extrahepatic  manifestations   


Seventy    four    percent    of    patients    have    reported    Extrahepatic  
 manifestations.    Extrahepatic    manifestations    are    Cryoglobulinemia,  
 Membranoproliferative    glomerulonephritis,    Raynaud    syndrome,    Sjögren  
 syndrome,  Necrotizing  cutaneous  vasculitis,  Non-Hodgkin  lymphoma. 


Patrice    Cacoub    et    al    study    showed    that    Mixed    cryoglobulin,    RF  
 activity,    and    Antinuclear    antibody,    Anticardiolipin    antibody,    Anti-thyroid  
 antibody    and    Anti-smooth    muscle    antibodies    are    most    frequently    seen  
 immunological  abnormality  in  HCV27.  


A  minimum  of  one  immunologic  abnormality  can  be  seen  in  up  to  
fifty  three  percent  of  HCV  patients.  Signs  and  symptoms  of  a  connective  
tissue  disease  (except  for  mixed  cryoglobulinaemia)  are  not  caused  by  these  
autoantibodies.    Autoantibody  synthesis  in  these  cases  is  due  to  the  HCV-
induced  over  activation  and  proliferation  of  B  lymphocytes. 
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 Mixed  cryoglobulinaemia 


HCV  infection  is  the  cause  of  Mixed  Cryoglobulinaemia  in  roughly  
 about  eighty  percent  of  the  patients.   


Sjögren  syndrome 


HCV  infection  has  long  been  suspected  as  a  potential  cause  of  SS.  


There  is  a  possible  relation  between  hepatitis  C  virus  and  Sjogren  syndrome  
 as  it  can  be  excreted  in  saliva.   


Disease  progression 


The    major    pathological    outcome    of    chronic    HCV    infection    is  
 development    of    hepatic    fibrosis.    It    usually    followed    by    progression    to  
 cirrhosis  and  then  to  hepatocellular  carcinoma.  This  complication  usually  
 takes   more    than   twenty    years   after   the   onset   of   infection.   It   has  been  
 estimated  that  probability  of  cirrhosis  occurring  within  twenty  yrs.  of  infection  
 is  5%-25%3.  HCV  infection  is  usually  asymptomatic.  It  is  difficult  to  assess  
 rate  of  progression  of  fibrosis  prior  to  clinical  manifestion. 


Studies  showed  that  mortality  was  slightly  more  in  patients  with  post  
 transfusion  hepatitis  (3%)  than  control  group  (1.5%)  3.     


The  leading  environmental  determinant  appears  to  be  alcohol  ingestion.  


Excessive  alcohol  consumption  and  HCV  infection  independently  can  cause  
cirrhosis;  Exposure  to  both  will  have  synergistic  effect.  Alcohol  and  HCV  
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infection  may  cause  microvesicular  steatosis,  suggesting  a  common  pathway  
 involving  mitochondrial  injury. 


Co-infection  with  HBV  can  also  accelerate  disease  progression.  High  
 level   of    HCV    viremia   is   found  in   HIV    which   can   lead   to  accelerated  
 progression  of  liver  disease.  Schistosomiasis  co  infection  is  associated  with  
 much    more    rapid    progression    of    HCV    mediated    fibrosis    in    Egypt90.    
 Accelerated    progression    of    liver    disease    is    also    expected    in  
 immunosuppression    associated    with    agammoglobulinemia    and    organ  
 transplant. 


Immune  response  to  HCV  Infection 


HCV  infection  triggers  sequence  of  intracellular  events  that  lead  to  
the  development  of  an  antiviral  state  in  the  infected  cell  and  the  surrounding  
tissue.  Following  viral  entry  into  the  host,  pathogen  associated  molecular  
patterns  in  the  viral  genome  are  recognised  by  PAMP  receptors  expressed  
on  the  host  cell,  initiating  the  host  immune  response.  Retinoic  acid  inducible  
gene  1(RIG-I)  and  Toll-like  receptor  3  are  two  major  receptor  pathways  
triggered  by  HCV  RNA.  This  subsequently  stimulates  interferon  stimulated  
genes  inducing  endogenous  interferon  production,  and  thus  building  the  initial  
antiviral  defence36.  For  strategies  to  evade  host  immune  response,  it  is  the  
balance  between  the  two  which  determines  progression  of  the  disease.     
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 Innate  Immune  response 


Interferons  and  Interferons  stimulated  genes 


The    first    response    to    HCV    infection    is    by    the    production    of  
 endogenous  Interferons  by  the  infected  liver  cells.  This  begins  With  Toll  
 like  receptor  -3  and  RIG-  1  mediated  sensing  of  HCV  RNA,  which  through  
 various  mediators  leads  to  signalling  of  IFN  regulatory  factor  3.  This  induces  
 the    transcription    of    IFN-   


uninfected  neighbouring  cells  via  paracrine  effects,  limiting  cell  to  cell  spread.  


Interferon-beta  binds  to  IFN-


This  causes  stimulation  of  Interferon  stimulated  genes,  which  have  different  
 antiviral  properties,  such  as  degradation  of  viral  nucelic  acid,  inhibition  of  
 translation  and  destabilisation  of  secondary  structures  of  viral  RNA.   


Some  pattern  recognition  and  signalling  molecules  like  RIG-1  are  also  
 ISGs,  whose  levels  markedly  increase  from  low  basal  level,  increasing  the  
 sensitivity  of  downstream  signalling  in  infected  tissues  and  promoting  IFN  


diversifying  the  IFN  response  and  providing  a  positive  feedback  to  ISG  
 expression36,    37


component  of  immune  response. 
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 Adaptive  immune  response 


Humoral  immunity 


Within   months   of   infection,   antibodies   are   detectable   in   blood   to  
 multiple  recombinant  antigens  that  correspond  to  structural  and  non-structural  
 protein  genes.  These  antibodies  are  neutralising  in  nature,  differing  in  their  
 mechanism  of  neutralising.  The  antibodies  are  isolate  specific  and  together  
 with  CD8  cells  contribute  to  the  evolution  of  HCV  quasispecies  by  exerting  
 selection  pressure.  Lack  of  temporal  relation  of  these  antibodies  to  viral  
 recovery    and    demonstration    of    HCV    clearance    in    individual    with  
 agammoglobulinemia  led  to  the  belief  that  humoral  immune  response  was  
 neither  necessary  nor  sufficient  for  viral  clearance37,  38.   


However  recent  studies  showed  the  role  of  the  neutralising  antibodies  
 in  outcome  of  the  disease.  Early  and  rapid  production  of  antibodies  may  
 lead  to  spontaneous  resolution  of  infection.  In  case  of  chronic  infection  
 where  antibodies  are  either  absent  or  very  low  in  titre  in  early  phase  of  the  
 infection  influencing  the  outcome  of  the  disease49.   


Cellular  immunity 


HCV  specific  CD8  and  CD4  T  cell  responses  were  known  for  being  
 critical  for  HCV  clearance.  Functional  CD4  response  is  an  essential  factor  
 which  decides  the  fate  of  Hepatitis  C   Virus  infection  by  production  of  


Interleukin-2    and    Interferon-      
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CD4  cells  is  seen  in  individuals  who  clear  the  virus  and  impaired  or  weak  
 response  is  seen  in  those  who  progress  to  chronic  disease39. 


On  the  other  hand  HCV  specific  CD8  cells  are  detectable  in  cases  of  
 acute  infection  irrespective  of  virological  outcome.  In  acute  infection  some  
 CD8  cells  show  a  “stunned”  phenotype  and  are  unable  to  produce  IFN-
 However,   as   CD4   T   cell    responses   develop   and   viraemia   declines,   this  
 dysfunction  resolves  and  memory  cells  become  detectable40. 


In  cases  of  recovery,  durable  populations  of  memory  T  cells  are  seen.  


In  chronic  infections,  persistent  antigenic  stimulation  along  with  impaired  
 CD4  T  cell  function  leads  to  CD8  T  cell  exhaustion.  This  state  is  marked  
 by  loss  of  CD8  T  cell  cytotoxic  functions,  TNF-


IFN-   with  dysfunctional  memory  T  cells  as  is  often  the  
 case  in  chronic  HCV  infection37. 


4.2.3.  Evasion  of  Adoptive  Immune  Response  by  HCV 


A  lot  of  theories  for  persistence  of  HCV  infection  are  hypothesized,  
 but  the  following  three  mechanisms  have  substantial  experimental  support38. 
 1.  Mutational  escape  of  viral  epitopes 


The  error  prone  nature  of  the  viral  polymerase  generates  viral  variants  
capable  of  evading  cytotoxic  T  cells  and  neutralizing  antibodies. 
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 2.  Functional  anergy  of  CD8  T  cells 


HCV  specific  CD8  T  cells  may  be  anergic  or  functionally  impaired  
 in  chronic  infections. 


3.  Regulatory  T  cell  populations 


Intrahepatic  CD8  T  cell  populations  producing  IL-10  are  known  to  
 occur  in  chronic  infections.   IL-10  impairs  production  of   IFN   and  down  
 regulates  effector  T  cell  responses. 


Mechanism  of  persistence 


Confection  with  HIV  and  schitosomiasis  have  been  associated  with  
 viral    persistence    which    corresponds    with    a    diminished    CD4    lymphocyte  
 response3.  The  highly  glycosylated  nature  of  the  viral  envelope  may  protect  
 it  against  antibody  mediated  neutralisation.  The  envelope  may  have  evolved  
 a  flexible  structure  that  serves  as  an  immunological  decoy  and  protects  an  
 otherwise   vulnerable,   conserved  receptor   –   binding   ligand   from   antibody  
 attack.  The  virus  may  downregulate  replication  to  a  level  that  is  too  low  
 disrupting  cellular  homeostasis,  limiting  the  amount  of  viral  PAMPs  and  
 antigens  produced.  HCV  sequence  variation  and  immune  escape  from  both  
 T  cell  and  B  cell  may  also  contribute  to  viral  persistence.   


Mutation  within  the  amino  acid  sequence  of  a  critical  epitope  might  
permit  a  new  quasispecies  variant  to  escape  an  immune  response.  In  several  
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studies  acutely  infected  persons  who  developed  persistent  infection  had  a  
 more  complex  quasispecies.   


Factors  affecting  disease  progression   


Many  factors  are  associated  with  increase  in  progression  of  the  disease.  


These  include  predilection  for  male,  elderly  age,  overweight,  intake  of  alcohol  
 and  co-infection  of  HIV  and  HBV.     


HCV-HIV  co-infection 


HCV  infection  is  found  more  frequently  in  HIV  infected  persons  than  
 in  general   population  because  of   a   common  mode  of  transmission.  The  
 prevalence  of  HCV-  HIV  co-infection  also  markedly  varies  from  50-93%  in  
 intravenous  drug  abuse  and  10%  in  homosexual  men  depending  on  the  route  
 of  transmission.  Prevalence  of  HCV-HIV  co-infection  is  3.02%  in  Andhra  
 Pradesh,  2.2%  in  Tamil  Nadu  ,  1.6%  in  Lucknow  and  1.06%  in  Vellore,  as  
 reported  by  several  studies11,13,14,15. 


The  predominant  age  group  affected  was  41-50years  and  the  most  
 prevalent  genotype  seen  in  HIV-HCV  co-infection  was  genotype  1b13.  Higher  
 rate  of  HCV  RNA  was  found  in  HIV,  HCV  co-infection.   


HCV  -  HBV  co-infection 


Co-infection  of  HBV  in  the  proportion  of  HCV-infected  people  can  
have  an  effect  on  progression  of  hepatic  disease.  A  meta-analysis  showed  
that  HBV-HCV  co-infection  more  likely  to  cause  hepatocellular  carcinoma.   
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 Modes  of  transmission 


The  common  routes  of  transmission  are  blood  transmission,  injection  
 abuse,  unsafe  therapeutic  interventions  and  health  care  related  infections.  


Sexual  transmission  and  vertical  transmission  are  less  common  routes  of  
 transmission. 


Blood  transmission 


Blood  transmission  is  the  major  mode  of  transmission.  Due  to  the  
 mandatory  screening,  HCV  transmission  risk  is  low  in  developed  countries.  


In  developing  countries  blood  transfusion  is  a  common  cause  of  acquiring  
 HCV  infection.  Blood  transfusion  allows  large  quantities  virions  to  enter  into  
 the  blood.  Studies  have  shown  that  prevalence  of  HCV  is  below  2%  in  
 voluntary  donors.  In  India  mandatory  HCV  screening  of  blood  and  blood  
 products  was  introduced  in  2002.  Few  cases  of  infected  blood  donor  may  
 be  missed  if  serological  tests  alone  are  used.   


V.  Gowri  et  al   study  in  Vellore  showed  sero-prevalence  of  HCV  
 among  voluntary  blood  donor  is  0.13%11.   


Chandrasekaran  S  et  al  study  in  Madurai  showed  sero-prevalence  of  
 HCV  among  voluntary  blood  donor  is  0.75%41. 


Unsafe  therapeutic  injections 


In  resource  limited  settings,  where  supply  of  sterile  syringes  may  not  
be  available  and  injection  are  administered  by  non-medical  personnel  outside  



(52)33 


the  hospital.  Persons  who  receive  multiple  contaminated  injections  over  a  
 period  of  time  increases  the  chance  of  acquiring  Hepatitis  C  Virus  infection. 


Intravenous  drug  use 


It  is  a  common  route  of  HCV  transmission  in  developed  countries.  


Highest  sero-prevalence  in  the  middle  age  group  seen  in  United  States  and  
 Australia,  where  the  IVDs  have  been  the  predominant  mode  of  spread  for  
 nearly  3  decades  which  constitutes  sixty  eight  percent  and  eighty  percent  of  
 current  infections  respectively. 


Lopamundra  Ray  saraswati  et  al  study  observed  that  the  prevalence  
 of  HCV  in  53.7  %,  and  co-infection  of  HIV  in  19.6  %  male  intravenous  
 drug  abusers  in  Delhi  in  201219.   


In  a  study  by  Shruti  H.  Mehta  et  al  study  conducted  at  YRGCARE  
 Chennai  1158  Intravenous  drug  users  were  screened  for  HCV  infection.  The  
 study  reported  a  prevalence  of  55%.    Sharing  partners  are  necessary  for  
 maintaining  transmission  of  HCV  than  other  any  other  blood-borne  viruses.   


HCV  is  ten  times  as  infectious  as  HIV,  per  unit  of  blood  evidence  shows  
that,  after  drying  at  room  temperature,  HCV  can  remain  infectious  for  about  
six  weeks  in  dried  blood  spots.  This  might  be  the  reason  for  the  constant  
spread  of  HCV  among  IVD’s.  This  could  be  due  to  unsafe  injection  practices  
like  sharing  equipment,  drawing  from  a  common  container  and  injecting  with  
used  needles. 
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 Health  care  associated  infection 


  Occupational  transmission  of   HCV  infection  occurs  in  health-care  
 workers  who  have  sustained  a  contaminated  needle  stick  injury  and  observed  
 risk  of  transmission  in  these  circumstances  are  as  low  as  0·3%.   


Haemodialysis 


Patients  undergoing  haemodialysis  (HD)  have  a  higher  risk  of  acquiring  
 HCV.  In  these  patients  infection  more  likely  to  become  chronic.  This  may  
 be  responsible  for  transmission  of  HCV  in  dialysis  centres,  contributing  to  
 the  increased  prevalence  of  HCV  among  haemodialysis  cases. 


Jaiswal  et  al  in  a  study  from  1992  to  2000  reported  prevalence  of  
 30%21. 


Pragati   chigurupati   et  al   showed   a   prevalence   of   23.5%   in   HCV  
 infection  among  the  hemodialysis  patients22.       


Sudrandrakumar  et  al’s  study  in  Coimbatore  showed  the  patients  on  
 hemodialysis  had  12.4%  positivity  for  anti-  HCV  in  dialysis  unit.  Further,  
 the  study  demonstrated  that  the  duration  of  haemodialysis  and  undergoing  
 dialysis    at  more  than  one  centre  were  the  important  risk  factors  for  acquiring  
 HCV  infection42. 


HCV  prevalence  in  HD  patients  was  found  to  be  4.3%  in  Delhi  and  
1.11%  in  Mangalore.  Gomes  M    et  al  study  observed  the  prevalence  of  anti-
HCV  was  13.3%  in  patients  who  had  HD  for  <1  year  in  comparison  to  
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69.9%  in  patients  who  had  HD  for  >10  years  -indicating  that  the  duration  
 of  HD  is  related  to  a  higher  risk  of  developing  HCV  infection.   


Nosocomial  transmission,  prolonged  vascular  access,  risk  of  exposure  
 to    infected    patients,    contaminated    equipment    and    sharing    of    multi-dose  
 heparin  vials  are  some  factors  responsible  for  the  high  risk  in  HD  patients. 


The  clinical  outcome  HCV  in  haemodialysis  patients  vary  from  the  
 general  population.  Hemodialysis  patients  will  have  a  milder  disease  with  
 lower  liver  enzymes  and  viral  levels.  The  “silent”  clinical  course  is  results  
 in    slower    disease    progression    and    a    lower    frequency    of    cirrhosis    and  
 hepatocellular  carcinoma.  Possible  reasons  are  impaired  surveillance  leading  
 to  a  less  aggressive  antibody  response  to  the  virus  and  intradialytic  release  
 of  “hepatoprotective”  cytokines 


Sexual  transmission 


Sex  transmission  has  been  identified  as  minor  risk  factors  for  HCV  
 transmission..  The  prevalence  of  HCV  infection  in  individuals  with  STDs  in  
 in  South  India  was  6%. 


Vertical  transmission 


Mother  –child  transmission  is  estimated  to  occur  in  about  2·7–8·4%  


of  babies  born  to  HCV  infected  mothers.  New-born  born  to  HIV/HCV  co-
infected  mothers  have  higher  risk  of  acquiring  HCV  infection44. 
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Kumar   et   al   study   reported   a  prevalence   of   1.03   %   in   antenatal  
 population43  while  the  results  of  other  studies  at  Shimla  and  Vellore  reported  
 no    (0%)    prevalence.    The    timing    of    transmission    is    not    known.    The  
 confirmation  of  HCV  transmission  is  based  on  detection  of  viral  RNA  or  
 the  persistence  of  antibodies  after  18  months  of  age.  HCV  RNA  has  been  
 detected  in  breast  milk.     


Diagnosis  of  HCV  infection 


Testing  for  infection  is  mainly  done  for  a  clinical  diagnosis  of  liver  
 disease  in  symptomatic  individuals  and  as  a  part  of  mandatory  screening  in  
 blood  banks  for  all  donors.  It  is  also  advisable  to  screen  people  who  are  at  
 a  high  risk  for  the  HCV  infection.  Guidelines  recommend  HCV  screening  
 should  be  done  in  persons  with  HIV  infection,  haemophilia,  haemodialysis,  
 drug  abuse,  recipients  of  blood  transfusion  organ  transplant  before  1992;  


children  born  to  HCV  infected  mothers  and  health  care  workers45.  Diagnostic  
 tests  are  broadly  classified  into  serological  assays  (indirect  tests),  detection  
 of  HCV  RNA  and  core  antigen  (direct  tests). 


Serology 


Detection  of  HCV  specific  antibodies  is  an  indicator  of  infection,  not  
immunity.  Current  serological  assays  are  able  to  detect  HCV  5-  8  weeks  
after  the  onset  of  infection.  In  patients  who  clear  infection  spontaneously,  
HCV  antibody  may  remain  throughout  life,  decrease  slightly  and  gradually  



(56)37 


disappear  after  several  years.  Anti-HCV  persists  indefinitely  in  patients  who  
 develop  chronic  infection,  except  in  cases  of  profound  immunosuppression.   


Immuo-assays  are  based  on  enzymatic  reactions  like  ELISA  or  light  
 emission    like    CLIA.    Different    generations    of    HCV    ELISA    detecting  
 antibodies  to  different  recombinant  polypeptides  have  been  developed.  The  
 first  generation  ELISA  target  a  part  of  NS4  region  of  HCV  genome.  The  
 second  generation  target  a  part  of  NS4  and  protein  derived  from  NS3  and  
 a  part  of  core(C-22).  The  third  generation  ELISA  detects  antibodies  against  
 NS5  as  well.  It  has  a  high  sensitivity  of  about  97%.  Recombinant  immunoblot  
 assay  (RIBA)  can  be  used  to  identify  the  specific  antibodies  against  individual  
 HCV  antigens.     


Serological  assays  have  following  drawbacks: 


False  negativity  in  the  window  period  between  entry  of  virus  and  the  
 production  of  antibodies. 


False    positivity    results    may    due    to    presence    of    non    specific  
 immunoglobulins  that  can  bind  with  HCV  antigens. 


False-negativity  can  occur  in  immunosuppressed  people  or  in  those  
 who  are  undergoing  haemodialysis. 


According  to  CDC  person  be  considered  to  have  serologic  evidence  of  
HCV  infection  if  a  positive  result  of  anti-HCV  screening  is  confirmed  by  
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positive  results  of  a  further  test,  using  either  a  RIBA  or  NAT  to  detect  
 HCV  RNA.    Rapid  immunoassay  helps  I  in  rapid  detection  of  antibody. 


HCV  core  Antigen  detection 


The  Core  antigen  can  be  present  in  infected  patients,  and  its  levels  
 are  proportional  to  HCV-RNA.  Cost  of  Core  assays  is  less  than  molecular  
 tests  46.  They  could  be  used  as  an  alternative  to  HCV-RNA  assays  in  the  
 following  conditions: 


To  differentiate  active  infection  from  resolved.   


To  detect  antigen  in  the  window  period. 


Detecting  infection  in  high-risk  seronegative  individuals. 


Molecular  assays 


Detection  of  viral  nucleic  acid 


Detection  of   HCV  RNA  is  necessary  to  establish  active  infection,  
 either  acute  or  chronic,  as  well  as  for  monitoring  the  patients  on  treatment.  


real  time  RT-PCR,  transcription  mediated  amplification  (TMA),  and  branched  
 DNA  testing  can  be  used.  Assays  that  detect  nucleic  acids  can  be  qualitative  
 or  quantitative.   


Most  sensitive  test  for  detection  of  viral  load  is  quantitative  PCR.  


Most  precise  method  for  quantitation  is  branched-chain  DNA  test.    Molecular  
assays  have  excellent  specificities  98  to  99%  and  sensitivity  varying  from  
10  to  50  IU/ml45. 
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While  qualitative  methods  may  be  sufficient  for  screening  in  blood  
 banks,  quantitative  assays  are  used  to  measure  the  baseline  viral  load  prior  
 to  initiation  of  therapy,  and  then  at  specified  time  points  for  monitoring  the  
 treatment  response  during  the  course  of  therapy.   


WHO  recommended  the  use  of  standard  international  units  (IU)  for  
 the  measurement  of  the  viral  RNA  instead  of  viral  copies.  During  acute  
 hepatitis,  the  delay  in  the  appearance  of  anti-HCV  hampers  acute  phase  
 diagnosis.  The  early  detection  of  HCV  RNA  in  peripheral  blood  confirms  
 the  diagnosis  and  opens  up  therapeutic  possibilities.  In  chronic  hepatitis,  the  
 diagnosis  of  sero-negative  forms  may  only  be  resolved  by  PCR.  Moreover,  
 the  presence  of  HCV  RNA  in  peripheral  blood  represents  the  only  marker  
 of  ongoing  viral  replication  and  coincides  with  the  hepatic  damage.  During  
 treatment  with  interferon,  the  follow  up  of  HCV  RNA  sequences  makes  it  
 possible  to  monitor  its  efficacy.   


The  search  for  HCV  RNA  sequences  directly  in  liver  tissue  shows  
that  HCV  may  multiply  in  the  hepatocytes  in  the  absence  of  virus  in  the  
circulation.  The  demonstration  of  HCV  RNA  in  the  hepatocytes  in  the  liver  
transplanted  patients  is  essential  for  etiological  diagnosis.  Epidemiological  
study   using   PCR   is   a   major   tool    for   documenting   vertical   transmission  
between  mother  and  child.  PCR  is  important  for  the  analysis  of  the  HCV  
genome. 
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 Viral  genotyping 


Determination  of  genotype  of  the  infecting  virus  is  necessary  to  assess  
 the  probability  of  response.  It  also  helps  in  deciding  the  duration  of  treatment.  


Genotyping  can  be  done  by  sequencing  either  the  5’UTR/core,  NS3  or  the  
 NS5b  region  of  HCV  genome.  A  number  of  assays  are  available  for  the  
 same  and  include  real  time  PCR  with  genotype  specific  probes  and  primers  
 reverse  hybridization  of  PCR  products  into  genotype  specific  probes  coated  
 on  solid  supports  (line  probe  assays),  PCR-RFLP,  where  the  PCR  products  
 are  digested  with  restriction  enzymes,  to  obtain  fragments  of  varying  length  
 depending  on  the  genotype. 


Liver  function  Tests: 


Liver  function  tests  are  done  to  assess  liver  function.  The  tests  done  
 are  aminotransferases,  alkaline  phospatase,  serum  bilurubin,  serum  proteins,  
 prothrombin  time  and  APTT. 


Treatment  of  Hepatitis  C  infection 


Hepatitis  C  is  a  severe  infection  causing  considerable  morbidity  and  
mortality.    The    main    concern    is    progression    to    liver    cirrhosis    and    its  
accompanying  complication.  Patients  with  chronic  infection  are  also  at  risk  
of  extrahepatic  manifestations  even  in  the  absence  of  progressive  fibrosis,  
some  of  which  may  be  severe. 
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