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INTRODUCTION 

 Hepatitis C virus (HCV) is a single -stranded ribonucleic acid 

(RNA) virus belongs to genus Hepacivirus under Flaviviridae family. 

HCV is the major cause of non-A non-B hepatitis. HCV is endemic in 

most parts of the world. HCV was first detected in the year 1989(1).  It 

consists a lipid envelope (E) comprising glycoproteins (E1 and E2) with a 

core which consists a  genome having  9500 nucleotides. 

 As per World Health Organisation (WHO) estimation nearly 170 

million people are infected with HCV worldwide. The global prevalence 

of Hepatitis C virus (HCV) infection is around 3%. Three to four million 

people are newly infected every year worldwide.(1) 

 HCV consists both structural (core, E1, and E2) and non structural  

NS; P7, NS2, NS3,NS4A, NS4B, NS5A, NS5B components. The non 

structural genes encode various enzymes. A polymerase which is 

responsible for replication of HCV is also encoded by non structural 

genes. There are six distinct genotypes of HCV, classified on the basis of 

sequence homology. 

 HCV is one of the major cause of transfusion associated acute 

hepatitis. Infected persons serve as major source for transmission. They 

are at more risk for developing chronic liver disease, which may progress 
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to cirrhosis and primary hepatocellular carcinoma. HCV is the one of the 

major cause of chronic liver disease in the world.  Patients receiving 

blood and blood products are under high risk of getting HCV infection.  

 HCV is a major cause of liver disease in patients with Chronic 

kidney disease (CKD) on maintenance hemodialysis (2). The prevalence 

of HCV infection among CKD patients is much higher when compared to 

the general population. Risk factor for spread includes history of 

transfusion, amount of blood products transfused, and duration of 

hemodialysis therapy.  

 Many studies from different countries revealed that the prevalence   

of HCV infection in CKD patients range from 1% to 70%.  HCV 

infection produces significant morbidity and mortality among patients on 

hemodialysis (HD) (3). Constant risk factors for the presence of HCV 

antibodies or HCV RNA are blood transfusions without efficient 

screening for HCV and the total duration on dialysis. With introduction of 

serological tests such as enzyme linked immunoassays (ELISA), which 

detect antibodies to different antigens, employment of nucleic acid 

amplification tests (NAT) made it possible to study the clinical 

significance and epidemiology of HCV in CKD patients.(4). 

 Genotype of the virus is identified as a major predictor of response 

to antiviral treatment. Genotype 3 is common in north, east, and west part 
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of India where as genotype 1 is widespread in south India. The objective 

of early diagnosis is to start the treatment at the earliest to reduce 

inflammation, prevention of fibrosis and hepatocellular carcinoma 

through effectively eradicating the virus in HCV infected persons. 

Another major aim is to reduce infectivity and control the transmission of 

infection.  

 There are some good combination therapies that are available 

which are better than monotherapy. Pegylated interferon in combination 

with ribavirin showed good response. Genetic sequence of HCV is 

characterised by high rate of spontaneous mutations which help the virus  

to escape from the human immune system. No effective vaccine is 

available for HCV prevention. 

 There are only few studies conducted in India, studying the 

prevalence of HCV infection among CKD patients and effectiveness of 

various serological tests.  This study was done in a tertiary care hospital 

in Chennai to evaluate the serological markers with nucleic acid based 

assays in diagnosis of HCV infection among CKD patients. 

  



Aims &Objectives 
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AIM OF THE STUDY 

 To determine the prevalence of Hepatitis C Virus infection(HCV) 

in Chronic Kidney Disease(CKD) patients on hemodialysis. 

 

                        OBJECTIVES OF THE STUDY 

1. To identify the risk factors associated with CKD patients on 

hemodialysis. 

2. To evaluate the correlation of antibody ELISA with nucleic acid based 

test (RT-PCR) in diagnosis of HCV in CKD. 

3. To evaluate the correlation of combined antigen- antibody ELISA 

with nucleic acid based test (RT-PCR) in diagnosis of HCV in CKD. 

 

  



Review of Literature 
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REVIEW OF LITERATURE 

HEPATITIS C VIRUS 

HCV belongs to genus Hepacivirus under Flaviviridae family. 

HCV is a small enveloped RNA virus with diameter of 50 nm. The 

genomic organisation and sequence of HCV is similar to Pestiviruses. 

 The HCV genome is a single strand positive sense RNA virus of 

9.6 kb length. The genome has a long open reading frame flanked by 

2untranslated regions. It codes for a large polyprotein with 3010 amino 

acids.  The precursor is cleaved in to ten different proteins: the structural 

proteins core, E1,E2 and the non structural proteins NS2, NS3, NS4A, 

NS4B, NS5A, and NS5B and p7.(5) 

 The HCV genome is highly mutable due to lack of an efficient 

proofreading ability. Viral genome has diverse mutation rates in various 

regions. The E1 and E2 regions are highly variable and the 5’UTR and 

terminal segment of the 3’ UTR have the maximum degree of sequence 

conservation between various isolates. Hyper variable region 1 (HVR 1) 

is positioned in the amino terminus of E2 of Hepatitis C virus andit 

contains epitopes for neutralising antibodies.  
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 The high mutation rate in HVR1 is due to immune selection which 

produces escape mutants and lead to constant infection even after 

development of antibodies against HVR1 in serum of patients.(6). 

HCV GENOTYPES 

 HCV genotypes and subtypes have significance in the 

epidemiology and pathogenesis of HCV related disease. HCV has been 

classified in to six genotypes each with several subtypes based on the 

genomic variability in a small region of NS5B.  

 Huge differences have been found in the HCV genome between 

strains of different geographical regions. HCV is classified into six major 

genotypes. They are numbered in order of their discovery, i.e., 1to 6. 

Each type has subtypes and they are identified by lower case letters, 

which are also in the order of discovery. Three additional genotypes 

(genotypes 7-9 ) have been proposed based on partial sequences at the 5k 

and 3k ends of the genomes of isolates from Vietnam and Thailand. 

Another two genotypes (10a and 11a) were identified in Indonesia. 10a 

and 11a genotypes are now acknowledged as 3k and 6g respectively 

while genotypes 7-9 now included in the genotype 6 group. (7) 
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GENOTYPE DISTRIBUTION 

 Genotypes (1a, 1b, 2a, 2b, 3a) are commonly found all over the 

world distributed around the world. Other genotypes have a restricted 

geographical distribution (8). 

 In America, HCV genotypes 1a and 1b are the main genotypes 

causing 75% of HCV infection (9). In Japan genotype 1b is most common 

causing 73% of HCV infections. Genotype 3 more common in Asia. 

Subtype 2c is commonly found in Northern Italy. Genotype 3a is 

common among injection drug users in Europe and the United States. 

Genotype 4 is common in the Middle East, while genotype 5 is common 

in South Africa. Genotype 6 is commonly found in Hong Kong, Macau 

and Vietnam. In India genotype 1,2 and 3 are common(10). 

 The genotype diversity and presence of quasispecies result in 

differences in pathogenicity and interfere with effective immunity. 

HCV REPLICATION 

 HCV replication takes place in liver. The HCV non-structural 

proteins and viral RNA are found in the liver of infected persons. There is 

also evidence that HCV can also replicate in peripheral blood 

mononuclear cells both in vivo ex vivo or in experimentally infected B 

and T cell. (11). 
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 Attachment of infectious particle to the host cell is the initial step 

in a virus life-cycle. CD81 was recently recognized as HCV receptor  on 

the basis of its strong relation with E2 and also with virus particles in 

vitro. The virus gains entry in to the cell through interaction with more 

than one specific cell surface receptors molecule. The receptors molecule 

includes CD81, the LDL receptors, DC-SIGN, L-SIGN, human scavenger 

receptor SR-B1, and the tight junction protein claudin-1(11).  Following 

penetration and uptake into cellular endosome complex, local pH changes 

alter the conformation of envelope proteins resulting in fusion of 

endosomal membrane. 

 The viral RNA enters into the cytoplasm and it acts as mRNA, 

directing the cap-independent translation of viral poly protein. Viral 

translation occurs in association with the rough endoplasmic reticulum by 

the process of internal ribosome entry, and the poly protein undergoes 

further co-translational proteolytic cleavages. 

 The core protein remains in the cytoplasm following cleavage by 

signal peptide peptidase from signal sequence at its carboxyterminus, 

while E1, E2 are secreted into lumen of endoplasmic reticulum (ER) 

remaining attached to the membrane and becoming heavily glycosylated. 

A replicase complex composed of NS3, NS4A, NS4B, NS5A, and NS5B 

forms cytoplasmic  clusters of membranous webs derived from the ER.  
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 This replicase complex recognizes specific structures and 

sequences at the 3’ end of the genomic RNA and subsequently directs the 

synthesis of negative strand copy of genome .The resulting duplex serves 

as a template for the synthesis of multiple copies of the positive strand 

genomic RNA, following recognition of the opposite end of the genome 

by replicase. The genomic RNA is packaged into new viral particles, 

which are to be extruded into the ER leading to the release of virus via 

the vesicular secretory pathway.(12) 

EPIDEMIOLOGY 

Prevalence 

 The Hepatitis C virus infection is recognised as a major public 

health problem. About 170 million people are infected with HCV 

infection worldwide and most of them are chronic HCV infections. In 

most parts of the world HCV prevalence is mainly estimated based on 

testing of selected group of population such as blood donors. Population 

based surveys are rare. The approximate global prevalence of HCV 

infection is 2.2%. HCV prevalence in Northern Europe is less than 1%.In 

Northern Africa it is 2.9 %.United Kingdom and Scandinavia reported 

very prevalence (0.01%-0.1%). Countries including the  America, Spain, 

Italy, Australia, Japan and Turkey have reported similar overall l average 

prevalence  of HCV infection (1.0%- 1.9%).(12) 



10 
 

 In developing countries there are many prevalence estimates, but 

minimal data is available to validate assumptions about the disease 

burden compared to the developed countries. China, has reported 

seroprevalence of 3.2%. In Pakistan, seroprevalence rates were between 

2.4% and 6.5%. Egypt has the highest reported seroprevalence rate of 

22%(13). 

 In India , a community based survey reported a seroprevalence of 

0.9% (14). In a retrospective study conducted among large number of  

healthy blood donors at a tertiary care centre  in  New Delhi, India,  

estimated overall prevalence of HCV to be 0.66%(15). A study conducted 

in India found that HCV infection is one of the major cause of chronic 

liver disease  accounting  15—20% of all chronic liver disease  patients 

and  5— 10% of all  hepatocellular carcinoma patients(16). 

 A three years study was carried out in a tertiary care hospital in 

North India to know the prevalence of HCV antibodies in different 

categories of patients. The study revealed an overall positivity rate of 

2.31% . In different groups of individuals that is in liver disease patients, 

in patients on dialysis, in drug abusers and in individuals  having 

occupational exposure, the incidence rate was 1.90 %, 6.90%, 18.93%, 

and 2.00%.(17) 
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Incidence 

         Most of the acute HCV infections are asymptomatic; it is very 

difficult to determine the incidence of HCV infection. Development of 

chronic liver disease is the major morbidity in HCV infection. 

Progression to chronic liver disease occurs in a subset of infected persons 

in few years. 

 Direct measurement of incidence of HCV infection is not practical. 

Developed nation’s seroprevalence data are population based and age 

specific. These rely on the hypothesis that present prevalence reflects the 

collective risk of acquiring infection. 

 In USA it was observed that there was a high increase in the 

occurrence of HCV infections during the period of late 1960s to early 

1980. The approximate annual incidence was low before 1965, increased 

during 1980s, and remained high through 1989, equivalent to an average 

of 240 000 infections per year in the 1980s. Incidence had reduced by 

more than 80% since 1989.(18) 

         A study conducted in Australia revealed that disease burden showed 

a stable increase in new HCV cases in Australia from 1961-2001.(19) 

 In France they estimated past incidence by using death rates from 

hepatocellular carcinoma and cross- sectional seroprevalence studies to 
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calculate approximately past incidence of  HCV infection, showed 

parallel trend of increasing incidence during 1980s.(19) 

Indian Scenario 

 In West Bengal a community-based study showed the prevalence 

of Hepatitis C virus infection in general population has increased from 

0.31% in paediatric age group to 1.85% in those above 60 years. There 

was no major gender difference in that study (14) 

 Different studies from different parts of the country showed 

seroprevalence rates varying from 0.3%-2.5% among blood donors in 

New Delhi,1.85% of blood donors were HCV positive.(15) One study from 

North India reported 0.44% of overall positivity among blood donors(20). 

Another study conducted in Pondicherry of South India,   in which 

seroprevalence of Hepatitis C virus among hospital based general 

population was estimated by  using a third generation ELISA. The study 

population included 661 individuals together with 36 health care 

personals. The overall prevalence estimated was 4.8%(21). 
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TRANSMISSION: 

          HCV transmission is mainly through parenteral route. 

 Risk groups are: 

Recipients of blood and blood products from unscreened donors 

Patients who are on hemodialysis 

Intravenous drug users 

Infants born to HCV infected mother 

 In developed countries injection drug use is an important cause of 

new HCV infection over the past few decades. Unsafe therapeutic 

injections and blood transfusions are the major mode of HCV 

transmission in developing countries. 

Blood Transfusion 

 Blood transfusion is a major source of HCV infection, since it 

permits large amount of virions into the vulnerable patient. Measures like 

adaptation of a voluntary blood donors system, screening for HCV by 

RNA, laboratory tests for liver enzymes (Eg., alanine aminotransferase) 

have reduced HCV transmission in developed countries.  
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 In Japan screening was compulsorily implemented in 1990 and the 

prevalence dropped from 4.9% to 1.9%. In US it dropped from 3.84% to 

0.57% (22). 

 In developing nations, HCV screening for blood donation is not 

routinely done. As per WHO estimation that only 57% of donated blood 

is screened for transmission associated infections, including HCV in the 

developing countries. A study on transfusion safety in South American 

countries revealed that only half of the blood donations were screened for 

HCV (23). 

 Blood transfusion is an important source of HCV transmission in 

developing countries like India as most donors are remunerated donors. 

HCV screening was made mandatory in India in 2002. A prospective 

study conducted at New Delhi, among anti- HCV negative patients 5.4% 

developed HCV infection following blood transfusions (24).  

              The impact of effective screening was analysed in a cross 

sectional study done in Kolkata with3 groups of patients. The first group 

were patients with multiple blood transfusions before 1995, the second 

set of patients were patients who had  transfusions after 1995 and another 

group was who had never been transfused. HCV infection rate was 16%, 

6%, and 2% respectively. Significance of this study is that the prevalence 

has declined after screening in blood banks (25). 
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Immune response  

 Immune response of the host has an important role in control and 

clinical recovery of viral hepatitis due to HCV. HCV is a hepatatropic 

virus that readily establishes chronic infection. The genomic composition, 

replication strategy, induction and sensitivity to different immune 

responses and the evading mechanism play a major role in the process.(26) 

 Active immune response is usually delayed by a month. 

Neutralising antibodies may appear later in the course of disease and they 

are not protective. In immunosuppressive conditions, antibody response is 

low leading to false negative result in serological assays. 

Clinical course 

Acute infection 

 Only 25% of the patients infected with HCV are symptomatic with 

jaundice after an incubation period of 6-12 weeks. Usually HCV RNA 

and alanine amino transferase (ALT) appear after approximately 50 days 

of exposure to HCV. 

 Detection of hepatitis C virus RNA is the earliest possible 

diagnostic indicator of infection with HCV, it can be identified as early as 

1-3 weeks following infection. Anti –HCV antibodies appear a window 

period of 60-80 days of onset of acute infection. 
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 Patients who are exposed to HCV, 15-40% may clear the infection 

within 6 months,  HCV RNA becomes undetectable in the serum of these 

patients and ALT levels return back to normal range. Remaining persons 

who have persistently detectable viral RNA will progress to chronicity.(27) 

Chronic infection 

 Chronic hepatitis develops in about 75%-85% of HCV infected 

persons; clearance of the virus is not seen by 6 months. Most of the 

chronically infected patients are asymptomatic and they can either remain 

as chronic carriers or may have sub clinical infections. Abnormal ALT 

level fluctuates throughout the chronic phase. In chronic phase of HCV 

infection, viral concentration appears to correlate with peaks in ALT 

activity. 

 In persistent viremia, antibodies to structural as well as non-

structural proteins increases and persists in high titre. Antibodies to non-

structural proteins exhibit fluctuation, closely paralleling the intermittent 

viremia.  Anti-core antibodies remain persistently detectable throughout 

intermittent viremia (27)  

  Approximately 20% of the chronic HCV patients may progress to 

cirrhosis over a clinical latency period. HCV associated cirrhosis may 

progress to liver failure and produce mortality in about 20%-25% of   
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patients with cirrhosis. HCV associated cirrhosis is one of the leading 

indication for liver transplantation. 

 Hepatocellular carcinoma is a rare late complication of chronic 

HCV infection. In HCV patients with cirrhosis the rate of development of  

hepatocellular carcinoma is high as 1% to 5 %each year(28). 

 Severity of the liver disease in chronic HCV depends on the factors 

which include mode transmission of infection, duration of disease, age of 

the patient, genotype, viral load, degree of variation of HCV,  immunity 

of the patient  and co-morbid conditions (29) 

CHRONIC KIDNEY DISEASE (CKD): 

 Chronic kidney disease (CKD) encompasses a spectrum of 

different Pathophysiologic processes associated with abnormal kidney 

function and a progressive decline in glomerular filtration rate (GFR) 
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Definition of CKD  

 Kidney damage for duration of 3 months or longer, as described by 

abnormalities in structure or function of the kidney, with or without 

reduced  GFR. CKD is characterised by 

 
1. Pathological abnormalities 

2. Kidney damage which shows  abnormalities in the composition of 

the blood or urine 

3. Abnormal in imaging tests 

4. GFR < 60 mL/ minute per 1.73 m2 for 3 months or more than 

3months.(29) 

 
Pathophysiology of CKD  

 The pathophysiology of CKD comprises two broad sets of 

mechanisms of damage:  

1) initiating mechanisms specific to the underlying etiology(e.g., 

genetically determined abnormalities in kidney development or 

integrity, immune complex deposition and inflammation in certain 

types of glomerulonephritis, or toxin exposure in certain diseases 

of  the renal tubules and interstitium)  

2) a set of progressive mechanisms, involving hyper filtration and 

hypertrophy of the remaining viablenephrons, that are a common 
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consequence following long-term reduction of renal mass, 

irrespective of underlying etiology.(29) 

 

Major causes of CKD are: 

 Diabetic nephropathy  

 Glomerulonephritis  

 Hypertension related vascular and ischemic changes. 

 Autosomal dominant polycystic kidney disease  

 Cystic and tubulointerstitial nephropathy.  

 
 Diabetes and hypertension are the two main causes of more 

number of end stage renal disease(ESRD) cases. Glomerulonephritis is 

the next most common cause of ESRD.  

 Abnormality in   glomerular permeability is frequent in glomerular 

disorders. This is manifested by proteinuria, proteinuria might be a factor 

provocative for tubulointerstitial disease. Tubulointerstitial damage is a 

major risk factor for subsequent progression renal disease in all types of 

glomerular diseases.(29) 

 

Staging of CKD 

 For staging of CKD, estimation of GFR is more reliable than serum 

creatinine concentration. An essential investigation required for the 
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classification and monitoring of CKD is the estimation of GFR. Serum 

creatinine is not considered as an ideal marker of GFR. Creatinine is both 

filtered at the glomerulus and also secreted by the proximal tubule 

 In adults, the normal GFR based on inulin clearance and adjusted 

to a standard body surface area of 1.73 m2 is 127 mL per minute per 1.73 

m2 for men and 118 mL per minute per 1.73 m2 for women, with a 

standard deviation of approximately 20 mL per minute per 1.73 m2. After 

age 30, the average decrease in GFR is 1 mL per minute per 1.73 m2 per 

year (29) 

Stages of CKD 

Stage of CKD Glomerular filtration rate(GFR) 
mL/min per 1.73 m2 

0 >90 (with risk factor for CKD) 

1 ≥90( with demonstrated kidney 
damage) 

2 60 – 89 

3 30 – 59 

4 15 – 29 

5 ≤ 15 

 

 The mean GFR is lower in women than in men. For example, a 

woman in her 80s with a normal serum creatinine may have a GFR of just 

50 mL/min per 1.73 m2. Thus, even a mild elevation in serum creatinine 
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concentration (e.g., 130 μmol/L [1.5 mg/dL]) often signifies a substantial 

reduction in GFR in most individuals.(29)  

 
HCV in Chronic Kidney Disease 

         HCV is recognised as a major  cause and consequences of Chronic 

Kidney Disease. HCV produces some types of glomerulonephritis, like 

membrano proliferative glomerulonephritis.  

 
 Blood transfusions, nosocomial transmission in dialysis units, and 

transmission by kidney grafts are important causes for higher prevalence 

of HCV infection in CKD. 

 Risk factors for consistent existence of anti HCV antibodies and or 

HCV RNA are blood transfusions given without proper testing for HCV 

and the longer duration on dialysis. Other risk factors are history of 

kidney transplantation, intravenous drug use, undergoing dialysis in a 

high prevalence area. 

 The occurrence of HCV infection in CKD who had renal transplant 

is also high. Data regarding prevalence of HCV infection in CKD 

transplant patients are less available .Also less data is available regarding 

prevalence of HCV infection in the various stages of CKD before starting   

dialysis. 
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Dialysis and HCV infection 

 Chronic kidney disease patients who are on hemodialysis are at an 

increased risk for acquiring HCV infection. This is mainly due to cross 

contamination in the dialysis circuits (30). 

 Multiple blood transfusions among CKD patients for anaemia also 

another reason for higher incidence of HCV infection. Increased anti 

HCV positivity rates in dialysis patients was reported, nearly 24-28% in 

initial studies (31). 

 With serological screening of blood and blood products for HCV 

by ELISAs and regular use of erythropoietin in ESRD patients with 

severe anaemia, almost eliminated post-transfusion HCV infection among 

patients on Hemodialysis in developed countries. In the developed 

countries, epidemiological studies have shown that incidence of HCV still 

remains high among dialysis patients inspite of elimination of post 

transfusion HCV infection.  

 In United States, Prevalence of anti-HCV in patients undergoing 

hemodialysis was 7.8% in 2002. A European multicenter study showed 

that prevalence of anti HCV positive patients reduced steadily from 

13.5% (1991) to 6.8% (2000)(32). 
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 Epidemiology of HCV infection in the developed nations is based 

on large multicentre surveys. After the reduction in post transfusion HCV 

prevalence rate, HCV infection in dialysis units persists at lower levels. A 

survey in Europe showed seroconversion rates in patients during dialysis 

treatment range between 1 and 16% each year(33). Among patients who 

are on regular hemodialysis in developed nations  the prevalence of anti 

HCV seropositivity ranges from 3 to 20%.(34) 

 In France a prospective study conducted from1997 to 2000 with 

1323 patients on hemodialysis and showed an incidence of 0.4% new 

infections every year. Occurrence of nosocomial spread of HCV infection 

in patients on regular hemodialysis can be explained by this study.(33) 

Dialyzer Reuse: 

 Portuguese society of Nephrology reported an incidence of HCV 

infection of 6.1% reprocessing dialyzers and 7.4% in units that did not(32). 

The incidence of HCV was lower in units using a separate room to 

reprocess dialyzer from HCV positive patients(0.4%) and those that did 

not have separate reprocess room was marginally high (2%).(35) Improper 

sterilization of dialyzers or blood port caps is also an important cause for 

transmission. 
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Contamination of Dialysis Machines: 

 Internal contamination of hemodialysis machines is also one of the 

cause for transmission of HCV among patients on regular hemodialysis. 

Four sero negative patients who shared hemodialysis machines with 

patients showing anti HCV positivity showed seroconversion within 2 

months period was observed in a study (35). The majority of the studies 

including molecular studies were not able to conclusively ascertain the 

exact route of transmission. 

Detection and evaluation of HCV in CKD 

 The reasons for screening CKD patients for HCV infection are   

diagnostic assessment of the causes of CKD (HCV associated 

Glomerulonephritis), decreasing infection in hemodialysis units, and   

providing best care before and after renal transplant. Starting treatment at   

the earliest possible is another important reason for investigating all CKD 

patients. 

 As per the kidney international Society (2008) guide lines testing 

for HCV must be performed in patients on maintenance hemodialysis and 

renal transplant patients.(30) 

 Another important recommendation is patients on hemodialysis 

have to be tested when starting hemodialysis or when transferring from 
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another hemodialysis unit. HCV nucleic acid testing is strongly 

recommended for patients with unexplained high aminotransferase 

levels.(30) 

 In case of   a new HCV infection occurred in a hemodialysis unit 

which is nosocomial spread, all patients in that particular set up should be 

tested for HCV.(30) 

Laboratory assays for diagnosis of HCV infection 

These include: 

1. HCV antibody detection by ELISA 

2. Recombinant Immunoblot Assays (RIBA) 

3. HCV rapid assay. 

4. Nucleic acid based  tests to detect and quantify HCV RNA 

5. Genotyping methods. 

6. HCV core antigen detection by ELISA 

 

Diagnosis of HCV infection by HCV antibody detection 

 HCV is a positive strand RNA virus belongs to genus Hepacivirus 

in the Flaviviridae family. The viral genome is 9.6 –kb-long and is 

flanked by 2 untranslated regions at its 5’ and 3’ends and contains a 

single open reading frame that encodes a polyprotein of approximately 
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3000 amino acids. The poly protein is cleaved into 10 single proteins by 

host signal peptidase in the structural region and by proteases which are 

viral-encoded in the non structural region. Structural proteins include the 

core protein and the envelope glycoproteins E1 and E2. Non structural 

proteins include the P7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B 

proteins. 

             After the cloning of HCV genome, antigenic regions and B cell 

epitopes were identified. Synthetic peptides and recombinant proteins 

containing these immunodominant epitopes were used as antigens in 

diagnostic assays, and this led to the development of commercially 

available screening and supplemental assays for anti-HCV 

immunoglobulin G (36) 

Detection of Anti –HCV IgG: 

 Detection of anti HCV IgG in serum or plasma by immunoassays 

has been widely used. First-generation assays were based on a yeast-

expressed recombinant protein containing an epitope from the NS4 region 

(C100-3) of HCV genome. These assays identified HCV IgG in 

approximately 80% of post transfusion hepatitis and led to the substantial 

reduction in transfusion –associated HCV infections, but the sensitivity 

and specificity was low (36). 
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 The second and third generation ELISA used a multi antigen 

format with antigens from the core, NS3, and NS4 regions. This 

improved sensitivity and specificity of assays. Additional antigen from 

NS5 is included in third generation assays.(37) 

 ELISA is used in screening large number of specimens in blood 

transfusion services in developed countries. ELISA may give false-

negative results among patients who are immune compromised or on 

hemodialysis.(38) As per CDC guidelines Positive result of HCV screening 

test is confirmed by positive result of supplementary test such as 

recombinant immunoblot antibody assay (RIBA) or nucleic acid test 

(NAT) to detect HCV RNA. Because of difficulty in performing these  

assays, long turnaround time of test results, and high cost these 

supplementary tests are not performed routinely. 

Recombinant Immunoblot Assays (RIBA) 

 RIBAs such as RIBA-3 (Chiron) and strip immunoblot assays, 

including INNO-LIA Ab III(Innogenetics), Desiccant HCV (sanofi- 

Pasteur), and LiaTek HCV (Organon), are used as additional , more 

specific tests for anti-HCV IgG detection in serum or plasma specimens 

that are positive in screening assays. Detection of anti-HCV is based on 

immobilisation of HCV recombinant antigens and synthetic peptide from 

core, NS3, and NS5 protein as individual bands onto a membrane. 
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Reactivity with 2 or more proteins indicates a positive result. If reactivity 

to only one protein is detected, the test result is considered to be 

indeterminate. Indeterminate results are due to nonspecific cross-reacting 

antibodies or recent infection where the humoral immunity has not been 

activated yet. Indeterminate assay may become positive in  1-6 months. 

 In patients with immune compromised state  or in individuals in 

whom the infection has resolved and anti-HCV levels are declining false-

negative results may be seen in RIBA.(39) RIBA has the advantage since it 

is a serological test  same sample  used in the screening test can be used 

and also it has high specificity. But RIBA is not routinely used, because 

of their relative decreased sensitivity, high cost, complexity, and time 

consuming procedure. Positivity in RIBA indicates only the presence of 

anti-HCV and which may be a past infection with spontaneous clearance, 

HCV RNA detection may be required to confirm active infection. 

Rapid Assays 

 The advantages of Rapid tests are that they do not require special   

instruments and skilled technical staff. Results can be obtained within one  

hour. CDC evaluated three rapid tests (Orasure, Chembio, and Medmira) 

for detecting anti HCV IgG in laboratory and field settings. These rapid 

tests are based on recombinant antigens derived from core, NS3, NS4, 

and NS5 proteins in an immune chromatographic format, and were found 
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to have high specificity of > 99%, and sensitivity ranging from 86% to 

99%(40). However CDC guidelines formulated for confirming screening 

anti-HCV results have included rapid anti HCV testing. Rapid tests are 

expensive than conventional ELISA but in laboratories that conduct low 

volume testing rapid test can be cost-effective. 

Detection of  HCV core Antigen 

 HCV core or nucleocapsid protein is phosphoprotein of 191 amino 

acids in length. Detection of HCV core antigen alone or in combination 

with anti-HCV in serum or plasma by immunoassays have been 

developed. Studies among blood donors have reported  HCV core antigen 

detection is possible within first 2 weeks of acute HCV infection. It has 

high sensitivity ranges from 80% to 99% and has a high specificity ranges  

from 96% to 100%.when compared to nucleic acid tests HCV core 

antigen assay has low sensitivity(41). The advantage of HCV core antigen 

detection is that, no need of sample processing as in molecular tests, and 

a positive results indicates  active infection. 

 

Nucleic Acid Tests (NAT) for HCV RNA detection: 

       HCV RNA can be detected in serum or plasma as early as 1week 

after exposure and therefore considered as the most reliable and gold 

standard for diagnosis of active HCV infection. Nucleic acid tests are 
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based on polymerase chain reaction (PCR), branched DNA signal 

amplification, and transcription mediated amplification. 

 Quantitative and qualitative PCR tests are routinely employed for 

HCV RNA detection. Ultra sensitive quantitative NATs can detect as 

little as 5 IU/ml of HCV RNA. They have high specificities about 99% in 

all 6 genotypes of HCV (42).  Quantitative NATs with viral titre in 

uniform units are important in monitoring response to therapy in HCV 

infection. 

Genotyping assays 

 HCV genotyping assays are based on the principles direct 

sequencing, reverse hybridization to genotype-specific oligonucleotide 

probes and restriction fragment length polymorphism analysis. HCV 

genotyping can help in monitoring treatment outcomes. 

Emerging technologies for HCV detection 

 Quantum dots (QDs) are basically   colloidal nanoparticles made 

up of semiconductor materials which contains a CdSe/ZnS core shell, 

have been used in nanotechnology and biotechnology, as fluorescence 

based biological imaging applications (43). 

The common nanoparticles used are QDs and gold nano particles. 

They emit light upon excitation at different spectra. Semiconductor QDs 
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have significant optical characteristics in comparison with conventional 

organic fluorophores. They are bright, can be tunable. They have narrow 

fluorescence emission and broad absorption spectra. Recently, there have 

been many studies on the development of fluorescence-based assays for 

HCV RNA detection. Furthermore, a variety of assay methods have been 

developed for the qualitative and quantitative detection of HCV (43). 

 Among the new methods, biosensors using RNA-oligonucleotide 

nanoparticles have gained significant attention and is a potential  method 

for  detection of oligonucleotide. It is highly sensitive, cost effective, 

rapid, easy to carry, low manpower requirement. 

 Diagnostic test using prototype nanoparticle is in use  for detection 

of HCV biomarkers . A complex platform using a micro fluidic chip and 

antigen coated QDs embedded in polystyrene beads are used in detection 

of  antibodies to HCV .Gold nanoparticles in 2-50 nM in size are used in 

different assay formats to diagnose Anti HCV RNA (44).  

 Using Aptamers as capture molecules is being investigated in the 

technology of diagnosis of HCV infections. They are single stranded 

oligonucleotides that can collapse into specific three dimensional 

structures and recognise target molecules like small chemicals, protein 

and cells.(45).These molecules bind to their targets with high 
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resemblance and specificity, so they are  used for many diagnostic 

applications.  

 Another amplification method is the loop mediated isothermal 

amplification (LAMP). It has the potential to develop into a point-of-care 

NAAT for HCV RNA detection(46). In this method a device which 

employs LAMP technology on microfluidic chips is used. Amplification 

in an hour using less than 1 microlitre of sample can be carried out in this 

test, however these newer technologies require further evaluation. 

 

PREVENTION OF HCV INFECTION 

 Identification of chronic HCV patients is more important in 

prevention programmes. Routine tests to identify HCV infection among 

high risk groups, medical management and follow up counseling should 

be offered. Persons at an increased risk who require routine testing are 

persons with an exposure, history of intravenous drug use, occupational 

risk of exposure to blood and person with multiple sex partners. 

 The occurrence of HCV infection in intravenous drug users is high 

(60 -90%) compared with occurrence among STD clients which is quite 

low(5%). The prevalence among surgeons, nurses and emergency 

responders is 1-3%.The prevalence among persons with tattooing is less 

than 1%.Routine HCV testing is recommended for healthcare personals in 
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case of  needle stick injury or mucosal exposure of HCV positive blood 

and blood products. Children of HCV positive women should be screened 

for HCV infection (47).  

Post Exposure Management 

 Health care providers who attend HCV positive patients should be 

well informed regarding risk for HCV infection due to exposure to blood 

or blood products. In the case of exposure they should be tested for anti 

HCV by enzyme immunoassay and reactive results should be confirmed 

by Recombinant immunoblot testing for anti HCV. When HCV infection 

is identified early medical management should be initiated by starting 

antiviral treatment. However there is limited data which indicate that 

early anti-viral treatment is beneficial during the course of acute 

Hepatitis-C. 

 Children of HCV positive mothers should be investigated for HCV 

infection. Immunoglobulin and antiviral drugs are not necessary for post 

exposure prophylaxis in infants.(47). 

 Early identification of HCV infection can be done by doing HCV 

RNA detection at age of 1-2 months. Anti HCV detection should not be 

performed before 15-18 months of age since maternal antibodies may be 

found during that time. Umblical cord blood is not the ideal sample for 
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the diagnosing perinatal HCV infection as since it may contain maternal 

blood in case of contamination. 

Recommendations for HCV Positive Persons 

 HCV Positive persons could be managed medically, they should be 

vaccinated for Hepatitis A and B(48). Health care providers should adhere 

strict aseptic techniques and standard precautions like Hand washing, 

personal protective barriers and taking care while using sharps. Proper 

disposal of needles and sharps should be followed. In case of 

transmission occurs from an HCV infected health care person to patient is 

suspected, health department should be intimated. 

 HCV positive persons should not share personal care articles which 

might have contaminated with blood. They should avoid donating blood, 

body organs, other tissues, semen. Couples should be informed about the 

risk of HCV transmission through sexual route(48). Available data 

regarding sexual transmission of HCV suggests that risk of transmission 

is low but not absent. HCV Positive patients do not need to avoid 

pregnancy or breastfeeding.  

 HCV does not spread by sharing food and water. HCV positive 

person should not be excluded from work, school, play, child care. HCV 

does not spread through sneezing, coughing.(48) 



35 
 

Preventing transmission among hemodialysis patients: 

 Implementation of comprehensive infection control program is 

required in preventing HCV transmission in chronic hemodialysis 

patients. This should include infection control measures recommended 

for hemodialysis settings, routine serological testing and immunisation, 

surveillance, training, and creating awareness by educating health care 

personals (48). 

 Isolation of HCV positive patient is not recommended, estimation 

of Alanine Aminotransferase (ALT) and anti-HCV detection is essential 

for monitoring.  Both an ELISA and supplemental or confirmatory testing 

with more specific assay should be routinely done. Persistent elevated 

level of ALT in anti-HCV negative patients HCV RNA testing should be 

considered.(48) 

 Monthly ALT testing facilitates early detection of new infections 

among HCV negative patients. Persistent ALT elevation in anti-HCV 

negative patients is an important indication for HCV RNA detection.  .In 

the absence of ALT elevations, anti-HCV test should be performed every 

6 months.(48) 

 When a seroconversion occurs in a particular hemodialysis unit, all 

other patients should be screened for HCV infection. Identify any new 
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case by doing additional tests as indicated. Potential source of infection 

should be identified in case of HCV transmission occurred within same 

dialysis unit. If seroconversion from anti-HCV negative to positive occurs 

in more than one patient in a duration of 6-months, HCV-negative 

patients should be tested for anti –HCV every 1-3 months.(48) 

 Presence or development of chronic liver disease in HCV positive 

patients should be evaluated by using current medical practice guidelines. 

HCV positive patients should receive information regarding how they can 

prevent further harm to liver and prevention of transmission of infection   

to others (48). 

Treatment of Chronic Hepatitis C in Hemodialysis Patients 

 Complications of HCV related liver disease includes hepatic necro 

inflammation, fibrosis, cirrhosis, Hepatocellular carcinoma, severe extra 

hepatic manifestations and death. The main objective of therapy is to cure 

HCV infection in order to prevent these complications and also to obtain 

a sustained virological response(SVR).(49) 

 If HCV RNA is undetectable for 12 weeks (SVR 12) or 24 weeks 

(SVR 24) after the end of treatment, as assessed by a sensitive molecular 

method with a lower limit of detection 615 IU/ml than it  is considered as 

achieved a sustained virological response.  
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              Antiviral treatment is essential in ESRD patients as HCV 

infection impairs survival in the hemodialysis patients and also in patients 

after kidney transplantation. Pegylated interferon (PEG-IFN) α -2a orα -

2b and ribavirin treatment is the commonly used drug combination for 

patients with chronic hepatitis C and normal renal function. IFN activates 

viral RNA degradation, halt viral translation.(49) 

 The following drug mechanisms are involved in anti-viral 

treatment of HCV. They are;  

 Modulation of interferon –stimulated gene expression, 

 Ionosine monophosphate dehydrogenase inhibition. 

 Host immune response modulation . 

 Direct inhibition of the viral RNA polymerase  

 Lethal mutagenesis of HCV-RNA genomes which is produced by 

combination of ribavirin triphosphate by NS5B. (49) 

 

 Teleprevir and beceprevir were licensed for use in HCV genotype 

1 infection in 2011.They were first generation direct acting antivirals 

(DAAs), they target the HCV NS3-4A serine protease and are thus 

referred to as protease inhibitors. These drugs are used in combination 

with Peg IFN-α and ribavirin. Because of their adverse effects and high 

costs they have restricted use.  
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 New HCV DAAs have been approved for use in combination 

therapy. Sofasbuvir is a newer DDA which is a genotypic nucleotide 

analogue inhibitor of HCV RNA dependent RNA polymerase. Simeprevir 

is a first generation NS3-4Aprotease inhibitor active against genotypes 

1and 4. Daclatasvir is a pan genotypic NS5A inhibitors. These drugs can 

be used in triple combination regimen with Peg IFN -α and ribavirin, 

achieving SVR rates of 60-100%.(50) 

 Since there is no effective vaccine it is prudent to prevent the 

spread of HCV infection. As HCV is transmitted primarily by parenteral 

route, stringent screening of blood and blood products will decrease the 

risk of post transfusion HCV infection.  Adopting universal precautions 

in hospital and health care settings prevents the nosocomial spread of the 

virus. Educating and creating awareness among people may partly control 

the spread. 

  



Materials & Methods 
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MATERIALS AND METHODS 

Study Design 

  This is an open observational cross-section study done in Madras 

Medical College & Rajiv Gandhi Government General Hospital, Chennai 

(MMC & RGGGH) 

Study Duration 

 The study was conducted from September 2015 to August 2016. 

Study group 

 A total of 82 patients diagnosed with CKD at our Nephrology Unit 

were included in the study. Institutional ethics committee clearance was 

taken before the commencement of the study, following which informed 

consent was obtained from the patients.  Known cases of HCV infection 

who are on treatment were excluded in this study. 

Method 

 After obtaining informed consent from the patients who were 

enrolled for this study, epidemiological data were collected.  5ml of blood 

was collected from each patient under aseptic precautions, centrifuged 

immediately; serum separated and stored at -80oC until tested. All the 

samples were subjected to the following tests. 
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1. Anti-HCV antibody detection by third generation ELISA,   

2. Combined anti-HCV antibody and Capsid antigen detection by 

ELISA, and  

3. Real time PCR. 

Detection of anti-HCV antibody by ELISA 

Principle:  

 The third generation HCV Microlisa (J.Mitra&Co.Pvt.Ltd.) is 

based on Enzyme linked immunosorbent assay (ELISA) which detects 

antibodies against HCV. The HCV proteins are present in serum at levels 

well below the limits of detection. Thus immunodiagnosis of HCV 

infection is based on detection of host generated antibodies (anti-HCV) to 

viral proteins. The 3rd generation HCV ELISA utilizes a combination of 

antigen with sequence of both HCV structural and non structural antigen 

i.e, core, E1,E2, NS3, NS4, and NS5. 

Kit components 

Microwells 

Sample diluents 

Enzyme conjugate concentrate 

Conjugate diluents 
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Wash buffer concentrate 

TMB substrate 

TMB diluent 

Positive control 

Negative control 

Stop solution 

Plate sealers 

Material and Instruments 

Micropipette and microtips 

Disposable gloves 

Distilled water 

Sodium hypocholorite solution 

Vortex mixer 

ELISA washer  

ELISA reader 
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Preparation of reagents 

 Wash buffer was prepared by adding 20 ml of concentrated buffer 

to 480 ml of distilled water. 

 Working conjugate solution was prepared by adding conjugate 

concentrate in to conjugate diluent in 1:100 ratio (120 µl conjugate 

concentrate in to 12 ml of conjugate diluent)   according to the given 

specifications.  

 Working substrate solution was prepared by adding TMB substrate 

in to TMB diluent in 1:1 ratio (6ml substrate and diluents). This step was 

done in the last 5 minutes of incubation in order to protect from light.  

Procedure 

  It is an in-vitro qualitative ELISA which was used for the 

detection of HCV. The strip holder was fitted with Microlisa strips.  

 100 µl   of negative control was added in well number A-1. 

Negative control is ready to use and no dilution is required.  

 100 µl   of positive control was added in B-1, C-1, D-1, positive 

control is also ready to use and no dilution is required.  

 100 µl sample diluent was added in each well from E1 well 

followed by addition of 10 µl of sample. 
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 Cover seal was applied and incubated for 37˚C for 30 minutes. 

 After the incubation was over all the wells were washed 6 times 

with the working wash buffer. 

 100 µl of conjugate solution was added in each well. Microtitre 

plate was covered with adhesive cover   and incubated at 37˚ C for 30 

minutes.  

 The wells were washed and 100 µl of working substrate solution 

was added in each well.  

 Then incubated at room temperature in dark for 30 minutes. 

 100 µl of stop solution was added.  

 Absorbance was read at 450 nm using ELISA reader. 

Calculation of results 

Positive control acceptance criteria 

Mean positive control must be > 0.5  

Negative control acceptance criteria 

Negative control must be < 0.150 

Cut off value was calculated by using the formula 

Cut off value = Mean absorbance of positive control × 0.23. 



44 
 

 Samples with absorbance value less than cut-off value were 

negative for anti-HCV and samples with absorbance value more than cut-

off value were positive for anti-HCV.  

Combined HCV Ag-Ab detection by ELISA 

Principle  

 Monolisa HCV Ag-Ab ULTRA V2 (Bio-Rad) is a qualitative 

enzyme immunoassay for the detection of infection by the hepatitis C 

virus based on the detection of anti-HCV antibodies and capsid antigen in 

serum or human plasma. It is based on the use of a solid phase prepared 

with purified antigens: two recombinant proteins from the non structural 

region (NS3 and NS4) and a peptide from the structural region (capsid) of 

the hepatitis C virus, and a monoclonal antibody against hepatitis C 

capsid. This monoclonal antibody does not react against the capsid 

peptide used in the solid phase. The second conjugate (R7) is a mixture of 

peroxidase-labeled mouse anti-human IgG antibodies and peroxidase-

labeled streptavidin. 
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REAGENTS 

Microplate 

 12 strips of 8 wells each, coated with monoclonal anti-capsid 

antibody of the HCV, purified recombinant hepatitis C antigens (NS3, 

NS4) and a HCV capsid peptide. 

 
Concentrated washing solution (20X) 

TrisNaCl Buffer pH 7.4 

Diluted in 800 ml of distilled water (1:20) 

Negative control 

Tris HCI Buffer, containing BSA (Bovine Serum Albumin) 

Ready to use 

Positive control 

 Human serum containing antibodies to HCV, diluted in a Tris HCI 

buffer containing BSA and photochemically inactivated. Ready to use 

 
Antigen positive control 

 Antigen positive control synthetic containing a lyophilized capsid 

peptide 

 
Antigen diluent 

 Distilled water containing a preservative: ProClin™ 300 (0.5%) 
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 Working solution was prepared by adding antigen positive control 

to antigen diluent vial and allowed to stand for 10 minutes at room 

temperature. 

 
Conjugate 1 

 Mouse biotinilated monoclonal antibodies against capsid HCV 

antigen. Ready to use. 

 
Conjugate 2 

 Mouse antibodies directed against human IgG/peroxidase and 

streptavidin/peroxidase. Ready to use 

 
Chromogen: TMB solution 

 Solution containing 3.3’, 5.5’ tetramethylbenzidine (TMB) 

 
Substrate buffer 

 Citric acid and Sodium acetate solution pH 4.0, containing H2O2 

(0.015%) and dimethyl sulfoxide (DMSO) 4%. 

 
Enzyme development solution 

 Prepared by adding chromogen in the substrate buffer in 1:11 

ratio(1ml chromogen+11ml substrate buffer) 
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Stopping solution 

Sulphuric acid solution (H2SO4 1N) 

Ready to use 

 
 Principle of the Procedure 

 The conjugate 1 and samples to be tested and the control sera are 

distributed in the wells of the microplate. If antibodies to HCV are 

present, they will bind to the antigens fixed on the solid phase. If hepatitis 

C capsid antigen is present, this antigen will be bound by the monoclonal 

antibodies coated on the solid phase and the biotinylated monoclonal 

antibodies against the capsid of hepatitis C antigen (conjugate1).  

 
 After incubation at 37°C during 90 minutes and a washing step, the 

conjugate 2 containing peroxidase-labeled anti-human IgG antibodies and 

peroxidase-labeled streptavidin are added to each well of the microplate. 

If human IgG is present, having reacted with the solid phase, the 

antihuman IgG conjugate binds to the human antibodies. The conjugated 

peroxidase/streptavidin binds to the biotin of conjugate 1 if a HCV capsid 

antigen is present in the sample.  

 
 After 30 minutes of incubation at 37°C, the unbound enzymatic 

conjugate is removed by washing step and the presence of the antigen-

antibody-peroxidase complexes are revealed by adding the substrate. 
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 After 30 minutes of incubation at laboratory temperature (18-30°C) 

and once the reaction has been stopped, the spectrophotometer reading is 

taken at 450/620-700 nm. The absorbance measured for a sample allows 

detection of the presence or absence of HCV antibodies and/or capsid 

antigens of the hepatitis C in the sample. The colour intensity is 

proportional to the quantity of HCV antibodies and/or the hepatitis C 

capsid antigen bound on the solid phase. 

 

Assay Procedure 

 The strip holder was fitted with Monolisa HCV Ag-Ab ULTRA V2 

strips.  

100 μl of conjugate 1 was added in each well then 

50 μl of negative control in well A1, 

50 μl of positive control in wells B1, C1, D1, were added. 

50 μl of the working positive control antigen solution was added in 

well E1, 

50 μl of the first sample in well F1, 

50 μl of the second sample in G1, etc. 

All the samples were added in respective wells.  

Homogenized the mixture. 
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Covered it with adhesive. 

Incubated  themicroplate for 90 minutes  at 37°C   

Aspirated  the contents of all the wells in a liquid waste container 

and 370 μl of washing solution was added  into each well. 

Aspirated again and repeated the washing a minimum of 5 times.  

Dried  the strips by turning them upside down on absorbent paper. 

Distributed quickly 100 μl the solution of conjugate 2 into each 

well within the plate. Covered it with new adhesive. 

Incubated for 30 minutes  at 37°C .  

Removed the adhesive film, emptied all the wells by aspiration and 

washed  5 times.  

80 μl of enzymatic development solution was added in all the 

wells. 

Allowed the reaction to develop in the dark for 30 minutes at room 

temperature. 

100 μl of the stopping solution was added in all the wells. 

After 4minutes absorbance was read using 450 nm optical density 

ELISA reader. Calculated the mean measured absorbance value for 

the positive control  
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The cut-off is determined with the positive control by using the 

formula: 

Cut off = Mean OD/5 

Ratio was calculated for each sample 

Ratio = OD of the sample/cut off value 

Samples with absorbance value lower than cut off value were 

considered to be negative (ratio < 1) for HCV by HCV Ag-Ab 

combined ELISA.  

Samples with absorbance value greater or equal to the cut off value 

(ratio ≥1) were considered to be positive for HCV by HCV Ag-Ab 

combined ELISA. 

Test was validated by using absorbance value of negative control  

OD of the negative control < cut off × o.6  

 
Real Time-Polymerase chain reaction (RT-PCR) 

Principle 

 It is an in vitro nucleic acid amplification test to amplify a single or 

few copies of a piece of DNA across several orders of magnitude, 

generating thousands to millions of copies of a particular DNA sequence. 

 
 The major step in PCR is thermal cycling, consisting of repeated 

heating and cooling of the reaction for DNA melting and enzymatic 

replication of the DNA. Primers containing sequences complementary to 
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the target region along with a DNA polymerase enable selective and 

repeated amplification. As PCR progresses, the DNA generated itself 

used as a template for replication, setting in a chain reaction in which the 

DNA template is exponentially amplified.  

 
 PCR can also be performed on RNA targets, which is called 

reverse transcriptase PCR. The enzyme reverse transcriptase is used to 

transcribe the RNA into complementary DNA for subsequent PCR 

amplification.  

 
RNA Extraction  

 QIAamp Viral RNA Mini Kit ( QIAGEN) was used to purify viral 

RNA. 

 
QIAamp Viral RNA Kit  

 QIAamp Mini Spin Columns  

 Collection Tubes (2 ml) 

 Buffer AVL- is a viral lysis buffer used for purifying viral nucleic 

acids. 

 Buffer AW1 (concentrate)- contains Guanidium choloride- used to 

denaturate proteins 

 Buffer AW2 (concentrate)- 70% alcohol used to remove salts from 

column and aid in purifying RNA 
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Buffer AVE- water containing 0.04% sodium azide used to 

dissolve carrier RNA 

Carrier RNA (poly A) 

 
Material required  

Micro Pipettes (Variable volume 0.5-10μl, 10-100 μl, 100-1000 μl) 

Sterile Pipette tips with aerosol barrier 

Sterile disposable powder free gloves 

Vortex mixer 

Centrifuge with rotor  

1.5 ml/ 2ml centrifuge tubes 

 
Principle of RNA purification 

 QIAamp Viral RNA Mini Kits combines the selective binding 

properties of a silica based membrane with the speed of microspin or 

vacuum technology and is highly suited for simultaneous processing of 

multiple samples. The sample is first lysed under highly denaturing 

conditions to inactivate RNases and to ensure isolation of intact viral 

RNA. Buffering conditions are then adjusted to provide optimum binding 

of the RNA to the QIAamp membrane, and the sample is loaded onto the 

QIAamp Mini spin column. The RNA binds to the membrane, and 

contaminants are efficiently washed away in two steps using two different 

wash buffers. High-quality RNA is eluted in a special RNase-free buffer. 



53 
 

 
 The purified RNA is free of protein, nucleases, and other 

contaminants and inhibitors. 

 
Preparation of reagents 

Addition of carrier RNA to Buffer AVL: 

310 μl Buffer AVE was added to the tube containing 310 μg 

lyophilized carrier RNA to obtain a solution of 1 μg/μl. 

Carrier RNA was thoroughly dissolved and divided it into aliquots. 

 Buffer AVL was checked for precipitate.  

Calculated the volume of Buffer AVL–carrier RNA mix needed as 

per kit instructions. 

n x 0.56 ml = y ml 

yml x 10 μl/ml = z μl 

where: n = number of samples to be processed simultaneously 

y = calculated volume of Buffer AVL 

z = volume of carrier RNA–Buffer AVE to add to Buffer AVL 

Gently mixed by inverting the tube 10 times. 

 
Buffer AW1 

 Buffer AW1 was supplied as a concentrate. Before using 

appropriate amount of ethanol (96–100%) was added as indicated. 

 



54 
 

Buffer AW2 

 Contains chaotropic salt and was supplied as a concentrate. Before 

using appropriate amount of ethanol (96–100%) was added to Buffer 

AW2 concentrate as indicated  

 
Procedure 

1. 560 μl of prepared Buffer AVL containing carrier RNA was added  in 

a 1.5 ml 

  microcentrifuge tube by using micropippete. 

2. 140 μl sample serum was added  to the Buffer AVL–carrier RNA in 

the microcentrifuge tube. 

Mixed by pulse-vortexing for 15 seconds. 

Incubated at room temperature (15–25°C) for 10 min. 

Briefly centrifuged the tube to remove drops from the inside of 

the lid. 

3. 560 μl of ethanol (96–100%) was added to the sample, and mixed by 

pulse-vortexing for 15 seconds.  

After mixing, briefly centrifuged the tube to remove drops from 

inside the lid.  

4. Carefully applied 630 μl of the above mixture to the QIAamp Mini 

column(in a 2 ml collection tube) without wetting the rim. 

Closed the cap, and centrifuged at 6000 x g (8000 rpm) for 1 min.  
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Placed the QIAamp Mini column into a clean 2 ml collection 

tube, and discarded the tube containing the filtrate.  

5. Carefully opened the QIAamp Mini column, and repeated the  step 4.  

6. 500 μl of Buffer AW1 was added to the mini column, closed the cap 

and centrifuged at 6000 x g (8000 rpm) for 1 min. Place the QIAamp  

minicolumn in a clean 2 ml collection tube (provided), and discard the 

tube containing the filtrate.  

7. 500 μl of Buffer AW2 was added. Closed the cap and centrifuged at 

full speed (20,000 x g; 14,000 rpm) for 3 min.  

8. Place the QIAamp Mini column in a clean 1.5 ml micro centrifuge 

tube. 

 
 Discarded the old collection tube containing the filtrate. Carefully 

opened the QIAamp mini column and added 60 μl of Buffer AVE.  

Incubated at room temperature for 1 min. 

 
 Centrifuged at 6000 x g (8000 rpm) for 1 min. The centrifuged tube 

now contains the eluted nucleic acid which will be used in the PCR. 
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Real-time PCR setup: 

Kit contents 

HCV RG Master A 

HCV RG Master B 

HCV RG Quantitation standard 1 

HCV RG Quantitation standard 2 

HCV RG Quantitation standard 3 

HCV RG Quantitation standard 4 

Water (PCR grade) 

 
Materials required 

Rotor-Gene Q MDx 5plex HRM 

Rotor –Gene Q software version 2.1 

Assay procedure 

 
 Master mix was prepared by adding 12 μl of master mix A with 18 

μl master mix B for each tube.( Total amount of master mix was 

calculated according to the number of samples) 

 
30  μl of master mix was added in to each PCR tube 

2 μl of internal control was added 

20 μl of the eluted sample RNA was added. 
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To generate standard curve all 4 quantitation standards supplied 

with kit were included for PCR run. 

One negative control (water, PCR grade) was included for PCR 

run.  

 PCR tubes were closed.  

Created temperature = protocol for amplification of HCV RNA.  

 
Amplification protocol 

45 cycles 

Step Time Temperature 

Reverse 
transcription 30 min 50 ˚C 

Taq enzyme 
activation 15 min 95 ˚C 

Denaturation 30 sec 95˚ C 

Annealing 1 min 50˚ C 

Extension 30 sec 72˚ C 

 
After the run was finished, data were analysed.  

Interpretation of results: 

 A signal was detected in fluorescence channel Cycling Green. The 

result of the analysis was positive: the sample contains HCV RNA 

 In fluorescence channel Cycling Green no signal was detected. At 

the same time, a signal from the internal control appears in the Cycling 

Orange channel. In the sample no HCV RNA was detectable. It can be 

considered negative. 
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 No signal was detected in the Cycling Green or in the Cycling 

Orange channels. No result can be concluded. 

 
Interpretation of quantitative results 

Interpretation was based on the guide lines 

Result  

HCV RNA >34 IU/ml  The result is within the determined test range. 

The detection probability of HCV RNA is 

>95%. The positive test result is statistically 

ensured.  

HCV RNA <34 IU/ml  The result is outside the determined test range. 

The reproducibility of the positive result is not 

assured.  

HCV RNA negative  No HCV RNA was detected  

 

  



Results 
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RESULTS 

 
 This cross sectional study was carried out in the Institute of 

Microbiology, in association with Institute of Nephrology. A total of 82 

patients with chronic kidney disease who satisfied inclusion criteria were   

included in this study. The results were statistically analysed. 

 

Descriptive statistics 

Table 1: Age distribution of CKD patients (n=82) 

Age category Number of patients (n=82) 

18- 20 8 (9.75%) 

21-30 18 (21.95%) 

31-40 29 (35.36%) 

41-50 21 (25.6%) 

51-60 6 (7.31 %) 

Total 82 
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Mean age of the CKD patients in our study group was 35.82 years. 

Minimum age was 19 years and maximum age was 58 years. 

Majority of CKD patients were from the age group 31-50 years.  

58 out of 82 patients were from this age group (60.97%).  

There were only 6 patients above the age of 50 years. 

Chart 1: Age distribution of CKD patients 
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Table 2: Gender distribution of CKD patients (n=82) 

Gender Number of Patients (n=82) 

Male 65 (79.26%) 

Female 17 (20.73 %) 

Total 82 

 

In our study 65 were male and 17 were female. 

More than two third of the CKD patients in our study were male 

 

Chart 2: Gender distribution of CKD patients 
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Table 3.Duration of CKD (n=82) 

Duration No of Patients(n=82) 

1-12 months 29 (35.36%) 

13-24 months 18 (21.95%) 

25-36 months 24 (29.26%) 

37-48 months 11 (13.41%) 

 

In our study 29 patients were with CKD for less than a year.  

18 patients were with CKD for 1- 2 years. 

24 patients were with CKD for 2- 3 years. 

11 patients were with CKD for 3-4 years. 

Chart 3: Duration of CKD 
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Table 4 : Co-morbid conditions associated with CKD (n=82) 

Co-morbid condition Number of patients 

Diabetes Mellitus 9 (10.97%) 

Hypertension 27 (32.92%) 

SLE 2 (2.43%) 

Rheumatoid Arthritis 1 (1.21%) 

Tuberculosis 1 (1.21%) 

Ig A Nephropathy 2 (2.43%) 

Ischemic Heart Disease 1 (1.21%) 

HBV infection 2 (2.43%) 

 

 In our study 27 patients were with Hypertension (32.92%). 

9 patients were with Diabetes mellitus (10.97%). 

2 patients were with Hepatitis B Virus infection.(2.43%) 

 In our study group Hypertension and Diabetes mellitus were the 

Commonly associated conditions in CKD patients.  
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Table  5. Renal Parameters in CKD (n=82) 

No of patients with elevated renal parameters(urea-  

41 -  99mg/dl, Serum creatinine 1.2 - 3.99mg/dl) 43 

No of patients with highly elevated renal 

parameters(urea-  ≥ 100mg/dl,  

Serum creatinine ≥ 4mg/dl) 
39 

Total 82 

 

 In our study 39 patients were with highly elevated renal parameters 

(urea-  ≥ 100mg/dl, Serum creatinine ≥ 4mg/dl). 

Table6. Duration of hemodialysis  (n=82) 

Duration in months No of patients (n=82) 

1 -6 months 24 

7-12 months 12 

13-18 months 5 

19-24 months 21 

25- 30 months 6 

31-36 months 6 

37-42 months 5 

43-48 months 3 
 

 In our study mean duration of hemodialysis  among  CKD patients 

was 19 months. 
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Chart4 : Duration of hemodialysis 
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9 patients were tested positive for HCV by antigen- antibody combined 

ELISA (10.97%) . 

11 were tested  positive for HCV  by PCR (13.41%). 

Prevalence of HCV infection in CKD patients on hemodialysis 

 HCV RNA detection by PCR method is considered as Gold standard. 

In our study 11CKD patients were tested positive for HCV by RT-PCR. 

Prevalence (P) of HCV in our study group was 13.41%. 

95% confidence interval ranged between 5.91% and 20.91. 

 

Table 8: Comparison of diagnostic tools (n=82) 

Result HCV antibody 
ELISA 

HCV antigen- 
antibody 

combined ELISA 

HCV RNA 
detection by 

RT-PCR 

POSITIVE 7 (8.53%) 9 (10.97%) 11 (13.41%) 

NEGATIVE 75 73 71 

Total 82 82 82 

 

 Out of 82 patients tested for HCV by all the three methods 75 were 

negative for HCV by antibody ELISA, 73 were negative for HCV by 

antigen- antibody combined ELISA, 71 were negative for HCV by  

RT-PCR. 
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Table 9: Diagnostic accuracy of HCV antibody ELISA(n=82) 

 
 

HCV  RNA PCR 
POSITIVE 

HCV RNA PCR 
NEGATIVE 

HCV antibody ELISA 
POSITIVE 7 0 

HCV antibody ELISA 
NEGATIVE 4 71 

 

Sensitivity:   63.63% 

Specificity:   100 % 

Predictive Values of the screening Test (HCV antibody ELISA) 

Positive Predictive Value:    100 % 

Negative Predictive Value:  94.66% 

 

Table 10:   Diagnostic accuracy of HCV antigen- antibody  

combined ELISA 

 
 

HCV  RNA PCR 
POSITIVE 

HCV RNA PCR 
NEGATIVE 

HCV antigen- antibody 
combined ELISA Positive 9 0 

HCV antigen- antibody 
combined ELISA Negative 2 71 

 

Sensitivity:  81.81% 

Specificity:   100 % 

 

Predictive Values of the screening Test (HCV antigen- antibody 
combined ELISA) 
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Positive Predictive Value:    100 % 

Negative Predictive Value:  97.26% 

 

Table 11: Duration of dialysis and HCV positivity (n=82) 

Duration of dialysis HCV 
positive 

HCV 
negative 

Total 
n=82 

≤ 23 months of dialysis 0 41 41 

≥24 months of dialysis 11 30 41 

 

 11 patients who were tested positive for HCV in our study 

underwent hemodialysis for more than 24 months. 

 Whereas patients with less than 24 months of hemodialysis  were 

tested negative for  HCV . 

 Chi-Square value =12.7 

 P value = 0.0004 (significant) 
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Table 12 : Association of blood transfusion   with HCV infection in 

CKD patients (n=82) 

 
Risk Factor 

 

HCV positive 
( by PCR) 

HCV 
negative 

Total 
(n=82) 

No of patients 
received blood 

tranfusions 
2 6 8 

No of Patients 
without h/o  blood 

transfusions 
9 65 74 

 

In our study 8 patients had multiple blood transfusions and 2 

among them were tested positive for HCV. 

Chi-Square value =1.024 

P value = 0.3135  

Table 13 : Change of dialysis centre (n=82) 

Change of Dialysis centre No. Of Patients 

YES 27 (32.9%) 

NO 55 (67.1%) 

Total 82 

 

In our study 27 patients (32.9%) had hemodialysis in more than one 

centre. 55(67.1)% patients had no change in dialysis centre. 

55 patients  (67.07%) had hemodialysis in single dialysis centre. 
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Table 14 : Change of dialysis centre and HCV positivity(n=82) 

Change of Dialysis 
Centre HCV Positive HCV Negative 

YES 9 18 

NO 2 53 

 

Out of 27 patients who had change of dialysis centre 9 were tested 

positive for HCV. 

Only 2 patients were tested positive for HCV among patients with 

no change of dialysis centre. 

Chi-Square value =13.75 

P value = 0.0002 ( significant) 

Chart 4 : Change of dialysis centre 

 

27

55

Change of Dialysis Center

YES

NO



Discussion 

  



71 
 

DISCUSSION 
 

 
 There is a increasing incidence of chronic kidney disease which is 

going to become a major problem for both healthcare and the economy in 

future. In India, it has been recently reported that the age-adjusted 

incidence rate of ESRD is about 229 per million population, and more 

than 100,000 new patients enter renal replacement programs every 

year.(51) 

 
 It is well known that CKD patients who are on hemodialysis are at 

high risk for hepatitis C infection. There is a wide range in occurrence 

rates in different countries of the world. According to the literature 

available, the prevalence of infection is higher in the developing countries 

compared with developed countries.(51) 

 
Age distribution  

 In our study 35.36% of CKD patients were from age group of 31-

40 years and 25.6% were from 41-50 years age group. Mean age was 

35.82.  Nearly 60% of the total CKD patients (n=82) in our study are in 

4th and 5th decade of life. A study conducted among adults in a rural 

community in South India by kidney disease screening (KIDS) project 

found that prevalence of chronic kidney disease was higher in 4th and 5th 

decade. Mean age was 39.88 years.(52) 
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 Dialysis Outcomes and Practice Patterns Study (DOPPS) study 

showed in which chronic glomerulonephritis was leading cause of CKD 

among males in 30-39 year-age group, followed by 40-49 and 20-29 year 

age groups. Diabetic nephropathy was more common in males in the age 

group of 50-59 years.(53)  Age distribution varies depending on the 

primary renal diseases and sex. 

 
Gender distribution 

 In our study (n=82) we observed higher male gender distribution of 

CKD patients on hemodialysis. 79.26% were male and 20.73% were 

female. Out of 11 tested positive for HCV infection 9 were male and 2 

were female.  

 
 A  large descriptive study conducted among  patients receiving 

hemodialysis from 12 countries participating in the international, 

prospective Dialysis Outcomes and Practice Patterns Study (DOPPS) 

showed   in all age groups, more men than women were on hemodialysis  

(59% versus 41% overall), with large differences observed between 

countries.(53) 

 
 Hemodialysis initiation was higher in men than women. The 

finding that fewer women than men were being treated with dialysis for 
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end-stage renal disease merits detailed further study, as the large 

discrepancies in sex-specific hemodialysis prevalence.(53) 

 
 Another study conducted in France  to find out the gender 

distribution of CKD patients on hemodialysis  showed that  64% were 

male and 36% were female, a sex ratio of 1.79(54).  This is probably due to 

the socio demographic factors and preference given to the male gender 

over the female in availing medical facilities. 

 
 A comprehensive analysis of sex-specific differences in the 

characteristics, treatment, and outcomes of individuals with end-stage 

renal disease undergoing dialysis might reveal treatment inequalities and 

targets to improve sex specific patient care. 

 
Duration of CKD 

 In our study 29 patients were diagnosed with CKD for less than a 

year, 18 were for 1-2 years, 24 were for 2 to 3 years and 11 were for 3-4 

years.  Around 50% of the patients in our study were diagnosed with 

CKD for 2 to 3 years. Longer the duration of disease increases the 

morbidity and mortality. In developing nation like India, socio economic 

condition of the patients plays an important role in accessing the 

treatment facility and continuing the treatment. In our tertiary care centre 
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where treatment is given to all patients free of cost, CKD patients are in 

regular treatment for many years.  

 
Co morbid conditions associated with CKD 

 In our study Hypertension and Diabetes mellitus are the common 

conditions associated with chronic kidney disease, 32.92% and 10.97% 

respectively. Diabetes and hypertension are the major contributing factors 

for development of CKD. Various studies revealed that diabetes 

nephropathy is the common etiology of CKD leading to ESRD. 

Hypertension is another major cause of CKD. Our study also shows that 

more than 40% are with long standing diabetes mellitus or hypertension. 

In our study 9 HCV positive patients were with co morbid conditions. 

HCV positivity was significantly high among CKD patients with co 

morbid conditions.  

 
Duration of Hemodialysis 

 Many studies revealed that longer duration of dialysis is a risk 

factor in the transmission of HCV. Duration of hemodialysis in patients 

with or without blood transfusion is an independent risk factor. An 

epidemiological study conducted in India showed that the mean duration 

of the dialysis among HCV positive group was 36.6  months. The 

duration of dialysis was significantly longer in HCV positive patients(52).   

In our study mean duration of hemodialysis among all CKD patients 
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was19 months.  Mean duration among HCV positive CKD patient was 28 

months.   

 Our study showed that risk of transmission HCV infection was 

higher with longer duration of hemodialysis.  Thus Patient to patient 

transmission during hemodialysis might be the cause for high HCV 

positivity among  patients with longer duration of hemodialysis. 

 
Prevalence of  HCV infection among CKD patients 

 Methods used for detection of HCV can lead to difference in 

prevalence data. Earlier HCV antibody detection by first and second 

generation ELISA alone was done. Then Detection by third generation 

ELISA was introduced. Now   HCV RNA detection by PCR method is 

considered as Gold standard. Main limitation of adopting PCR as a 

routine screening method in HCV detection is high cost of the test and 

requirement of dedicated set up. 

 
 In our study (n=82)  11 (13.41%)  patients tested positive for HCV 

infection by RNA PCR.  Prevalence (P) of HCV infection in our study 

group was 13.41%. A similar study conducted by Reddy et al reported 

13.23 % prevalence of HCV infection among patients undergoing 

hemodialysis (55). A positivity of 27.7% was reported by Jain et al in a  

study on maintenance haemodialysis patients in Jaipur. Another study by 

Chandra et al reported 46% HCV positivity in patients on maintenance 
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haemodialysis from Hyderabad.(56) A study conducted by  Jasuja et al, 

evaluated the prevalence of HCV viremia in haemodialysis patients at a 

tertiary care hospital in Delhi  the overall prevalence of HCV infection 

among patients on hemodialysis was 27.7 %(57).  

 
Diagnostic accuracy of serological tests 

 In our study we employed two serological tests one was HCV 

antibody detection by third generation ELISA and another test was HCV 

combined antigen –antibody detection. All the patients were tested for 

HCV infection by nucleic acid based assay-RT-PCR.  Both ELISA tests 

were evaluated with gold standard RT-PCR. Sensitivity of HCV antibody 

ELISA was 63.63% and specificity was 100%. Sensitivity and specificity 

of HCV combined antigen-antibody ELISA was 81.81% and 100% 

respectively.  

 
 Both tests showed positive predictive value of 100%. Negative 

predictive value of antibody ELISA was 94.66% and combined antigen-

antibody ELISA showed negative predictive value of 97.26%; which 

implies that the combined  antigen-antibody ELISA can diagnose HCV 

negative cases with a precision of 97.26%. The p value was <0.001 which 

was statistically significant. Cost of the combined antigen-antibody 

ELISA is higher when compared to antibody ELISA.  
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 Seroconversion to HCV antibody does not occur early in CKD 

patients when compared to other patients. In general HCV serological 

window period is 3 to 6 weeks.   In CKD patients HCV serological 

window period is longer, about 6 to 9 weeks.(30) Simultaneous  detection 

of HCV antibodies and HCV antigen by combined antigen-antibody 

ELISA is useful during this window period. 

 
 Nucleic acid based assay RT-PCR is able to qualify and quantify 

HCV RNA and has more specificity and sensitivity and can detect as low 

as 10 IU/ ml of HCV RNA (58).  

 
Blood transfusion and HCV infection in CKD patients 

 Transfusion of blood and blood products significantly increases the 

risk of HCV infection in CKD patients. In our study also showed higher 

HCV positivity among CKD patients with multiple transfusions. In our 

study 8 patients who had multiple blood transfusions 2 were tested 

positive HCV infection (25%) where as it was only 12.2% among patients 

without transfusion. Though this finding was statistically insignificant in 

our study because of small sample size, multiple blood transfusions is an 

independent risk factor for HCV infection among CKD patients. 

 
  



78 
 

Association of elevated liver enzymes in HCV infection among CKD 

patients 

 Kidney international strongly suggests that unexplained abnormal 

aminotransferases level in patients on hemodialysis is an important 

criteria for HCV testing. In our study 2 patients with high liver enzymes 

level were tested positive for HCV infection. Kidney international society 

strongly recommends testing for HCV with nucleic acid based test for 

hemodialysis patients with high aminotranferases levels.  

 
Change in Dialysis centre 

 In our study 32.9% of patients on hemodialysis  had a change in 

dialysis centre and 67.1% of patients had no change in dialysis centre. 

Out of 11 HCV positive patients detected in our study 9(81.81%) had 

hemodialysis in multiple dialysis centre. Change in dialysis centre plays 

an important role in HCV infection transmission. Role of change in 

dialysis centre and prevalence of HCV infection among CKD patients 

was studied in many studies.  One study showed   that patients who had 

dialysis at more than one centre had a higher (55.56%) positivity, which 

was statistically significant (59). Our study also showed that higher HCV 

positivity among hemodialysis patients with change in dialysis centre. 
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 The limitation of our study was the small sample size and the short 

duration of the study. More studies involving multiple dialysis centres 

and longer duration are required to assess the prevalence patterns in our 

geographical area. 

  



Summary 
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SUMMARY 

 In our study conducted among 82 CKD patients mean age of CKD 

patients was 35.82, and it ranged between 19 and 58 years. 

 Majority of the CKD patients in the study were male (79.26%). 

 Hypertension (32.92%) and Diabetes mellitus (10.97%) were the 

common conditions associated with CKD. 

 Mean duration of hemodialysis among  CKD patients was19 months. 

 The prevalence of HCV infection in CKD patients undergoing 

hemodialysis was 13.41%. 

 Seven patients tested positive for HCV with antibody ELISA. 

 Nine patients tested positive for HCV with combined antigen-antibody 

ELISA 

 Eleven patients tested positive for HCV with RT-PCR (gold standard) 

 HCV antibody ELISA had sensitivity of 63.63% and specificity of 

100% when compared with gold standard PCR. 

 HCV combined antigen-antibody ELISA had sensitivity of 81.81% 

and specificity of 100% when compared with gold standard PCR. 
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 Positive predictive value of HCV antibody ELISA was 100% whereas 

negative predictive value was 94.66%. 

 Positive predictive value of HCV combined antigen-antibody ELISA 

was 100% whereas negative predictive value was 97.26%. 

 Duration of dialysis, blood transfusion, and change of dialysis centre 

were associated with the risk of HCV transmission. 

 All the 11 patients who were tested positive for HCV had 

hemodialysis for more than 24 months; whereas patients with less than 

24 months of dialysis were HCV negative. 

 Out of 11 HCV positive patients detected in our study 9(81.81%) had 

hemodialysis in multiple dialysis centre. 

 Out of 8 patients who had multiple blood transfusions 2 were tested 

positive for HCV infection. 

 

 

 

 

 

 

 



Conclusion 
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CONCLUSION 

 The prevalence of HCV infection among CKD patients on 

hemodialysis is high. Long duration of dialysis, change of dialysis centre, 

multiple blood transfusions are important risk factors for HCV infection 

among CKD patients on hemodialysis. Universal precautions should be 

followed to prevent the HCV infection in the dialysis units.   Adopting 

universal precautions in hospital and health care settings prevents the 

nosocomial spread of HCV. Stringent screening of blood and blood 

products will decrease the risk of post transfusion HCV infection. 

 
 Seroconversion does not occur early in CKD patients when 

compared to other patients due to poor immune response in CKD. In 

CKD patients HCV serological window period is longer, about 8 to 12 

weeks in CKD patients whereas it is 6 to 9 weeks in general. 

 
 Nucleic acid based test such as RT-PCR can detect HCV infection 

in CKD patient at earlier stage of infection. 

 
 In our study third generation ELISA was found to be moderately 

sensitive and highly specific for diagnosis of HCV infection. Combined 

antigen-antibody ELISA showed higher sensitivity and specificity when 

compared to antibody ELISA. In CKD patients with poor immune 

response antibody ELISA alone is not sufficient for diagnosis of HCV 
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infection. Combined antigen-antibody ELISA can be substituted as a 

diagnostic test where nucleic acid testing facilities are unavailable. 

 
 Strict adherence to infection control protocols, educating and 

creating awareness among health care persons, proper management of 

dialysis machine, and appropriate waste management are essential steps 

in minimizing HCV transmission in dialysis units.  
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APPENDIX - I 

 

ABBREVATIONS 

 

HCV   HEPATITIS C VIRUS 

CKD   CHRONIC KIDNEY DISEASE 

ELISA       ENZYME LINKED IMMUNOSORBANT ASSY 

PCR                POLYMERASE CHAIN REACTION 

ESRD           END STAGE RENAL DISEASE 

SVR         SUSTAINED VIRAL RESPONSE  

RNA                RIBONUCLEIC ACID 

NAT         NUCLEIC ACID TEST 

RIBA            RECOMBINANT IMMUNOBLOT ASSAY 

LAMP        LOOP MEDIATED ISOTHERMAL AMPLICATION  

ALT         ALANINE AMINOTRANSFERASE 
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ANNEXURE  – I 

 



ANNEXURE – II 

PROFORMA  

• Name :                                                                       IP no:  

• Age:                                                                           Ward:      

• Sex:  

• Occupation:  

• Address: 

Presenting  complaints: 

                                          Decreased urine output 

                                           Facial Puffiness 

                                           Leg swelling 

                                           Shortness of breath 

                                           Fatigue 

                                           Loss of appetite 

Past History: 

                                           History of similar  illness in  the past 

                                           Duration of renal failure 

                                           DM/SHT/CAD/COPD 

                                           History of  previous blood transfusion 

                                           History of  jaundice in the past 

                                           HCV/HBV infection in the past 

Treatment  history 

    History of  treatment for  renal failure:          if  yes 

    Duration: 

    Dialysis:         yes/no              if yes                            

      Hemodialysis/Peritoneal dialysis 



    Duration of  Dialysis:  

 

General examination: 

                                       Anaemia  

    Jaundice 

                                     pedal edema 

                                     Puffiness of the face 

                                      Pulse 

                                       Blood Pressure 

            

CVS: 

RS: 

Abdomen: 

Lab investigations: 

                                 Hb: 

                                 Bl Urea: 

                                 Serum creatinine: 

                                 LFT: 

                                 HIV: 

                                 HBV: 

  



ANNEXURE – III 

INFORMATION SHEET 

 Your blood sample has been accepted. 

 We are conducting a study on Evaluation of serological marker with nucleic acid based 

assay in diagnosis of Hepatitis C infection among chronic kidney disease patients in a 

tertiary care Hospital  and for that your blood sample may be valuable to us. 

 The purpose of this study is to evaluate the correlation of three tests( anti HCV 

antibody ELISA, combined  anti HCV anti bodies and viral antigen detection by 

ELISA,RT-HCV PCR) in diagnosis of HCV in chronic kidney disease patients. To 

determine the prevalence of HCV infection in chronic kidney disease .   

 We are selecting certain patients and we may be using your blood sample to perform  

tests and studies which in any way do not affect your final report or management. 

 The privacy of the patients in the research will be maintained throughout the study. In 

the event of any publication or presentation resulting from the research, no personally 

identifiable information will be shared. 

 Taking part in this study is voluntary. You are free to decide whether to participate in 

this study or to withdraw at any time; your decision will not result in any loss of 

benefits to which you are otherwise entitled. 

 The results of the special study may be intimated to you at the end of the study period 

or during the study if anything is found abnormal which may aid in the management or 

treatment. 

Signature of investigator                                      Signature of participant 

 

Date: 

I am going to collect blood samples  from people suffering from Chronic Kidney disease 
.80 patients are included in this study after getting informed consent only. This study is 
entirely voluntary and patient can withdraw any time from this study. Extra cost will not be 
incurred to the patients in this study. Any doubt regarding this study will be willingly 
clarified. Results of the study will be published. In case of any doubt please contact  
Dr.C.Rajasekaran  mobile no:9894690696  



PATIENT CONSENT FORM 

Study Title: EVALUATION  OF  SEROLOGICAL MARKERS WITH NUCLEIC 
ACID BASED ASSAY IN DIAGNOSIS OF HEPATITIS C INFECTION AMONG 
CHRONIC KIDNEY DISEASE PATIENTS IN A TERTIARY CARE HOSPITAL 

Name:        Date  : 

 Age :       IP No :  

Sex :        Project Patient No : 

 

Documentation of the informed consent 

I _____________________________ have read the information in this form (or it has been 
read to me). I was free to ask any questions and they have been answered. I  hereby give 
my consent to be included as a participant in“A Study On Evaluation of serological 
markers with nucleic acid based assay in diagnosis of Hepatitis C infection among 
chronic kidney disease patients in a Tertiary Care Hospital”. 

I have read and understood this consent form and the information provided to me. 

1. I have had the consent document explained to me. 
2. I have been explained about the nature of the study. 
3. I have been explained about my rights and responsibilities by the investigator.  
4. I have been informed the investigator of all the treatments I am taking or have taken in 

the past ________ months including any native (alternative) treatment. 
5. I have been advised about the risks associated with my participation in this study. 
6. I agree to cooperate with the investigator and I will inform him/her immediately if I 

suffer unusual symptoms. 
7. I have not participated in any research study within the past ________ month(s). 
8. I am aware of the fact that I can opt out of the study at any time without having to give 

my reason and this will not affect my future treatment in this hospital. 
9. I am also aware that the investigator may terminate my participation in the study at any 

time, for any reason, without any consent. 
10. I hereby give permission to the investigators to release the information obtained from 

me as result of participation in this study to the sponsors, regulatory authorities, Govt. 
agencies, and IEC. I understand that they are publicly presented. 

11. I have understand that my identity will be kept confidential if my data are publicly 
presented. 

12. I have had my questions answered to my satisfaction. 
13. I have decided to be in the research study. 

 

 I am aware that if I have any question during this study, I should contact the 
investigator. By signing this consent form I attest that the information given in this 
document has been clearly explained to me and understood by me, I will be given a copy 
of this consent document. 

 



For  participants: 

Name and signature / thumb impression of the participant (or legal representative if 
participant  in competent/For age 10-17 yrs-Name& signature of the parent/guardian.) 

 

Name ________________________ Signature_____________   Date________________ 

 

Name and Signature of impartial witness (required for illiterate patients): 

 

Name ________________________ Signature_____________   Date________________ 

 

Address and contact number of the impartial witness: 

 

Name and Signature of the investigator or his representative obtaining consent: 

 

Name ________________________ Signature_____________   Date________________ 

 

 

 

 

 

 

 

 



 



 

  



Sl.No Of 
the 

patient
AGE SEX

DURA
TION

DM HTN
Blood 

Transfu
sion

Jaundice 
in the 
past

Previous 
Surgery

Hemo 
dialysis

Dura 
tion

sessions / 
month

HBV HIV Hb Urea
Creati
nine

Bilirubin SGOT SGPT
T.Prot

ein
HCV -RNA 

PCR
HCV-ELISA

HCV-Ag -
Ab ELISA

change of 
dialysis 
centre 

1 42 M 3 YES YES NO NO NIL YES 2 8 NEG NEG 10.4 42 1.4 0.6 20 20 6.2 NEGATIVE NEGATIVE NEGATIVE YES

2 26 M 4 NO NO NO NO NIL YES 3 8 NEG NEG 9 48 1.4 0.4 30 34 6.4 NEGATIVE NEGATIVE NEGATIVE YES

3 37 M 14 NO NO NO NO NIL YES 12 8 NEG NEG 10.2 48 1.4 0.9 18 13 6.4 NEGATIVE NEGATIVE NEGATIVE YES

4 27 M 14 YES YES NO NO NIL YES 12 10 POS NEG 10.2 48 1.4 0.4 20 28 6.4 NEGATIVE NEGATIVE NEGATIVE NO

5 18 F 4 NO NO NO NO NIL YES 3 4 NEG NEG 10.2 50 1.2 0.6 40 40 6.2 NEGATIVE NEGATIVE NEGATIVE YES

6 40 M 8 NO YES NO NO NIL YES 6 8 NEG NEG 10.8 52 1.6 0.6 30 34 6.4 NEGATIVE NEGATIVE NEGATIVE YES

7 32 F 8 NO YES YES NO YES YES 6 8 NEG NEG 10 60 1.6 0.6 26 20 6 NEGATIVE NEGATIVE NEGATIVE YES

8 46 M 7 NO YES NO NO NIL YES 6 10 NEG NEG 9.8 60 1.4 0.4 28 20 6.4 NEGATIVE NEGATIVE NEGATIVE YES

9 41 M 14 NO NO NO NO NIL YES 12 8 NEG NEG 10.8 62 1.6 0.9 18 13 5 NEGATIVE NEGATIVE NEGATIVE YES

10 45 F 8 YES NO NO NO NIL YES 8 8 NEG NEG 10.2 64 1.6 0.4 32 26 6.4 NEGATIVE  NEGATIVE NEGATIVE YES

11 47 M 26 NO NO NO NO NIL YES 24 8 NEG NEG 9.8 64 1.4 0.4 25 10 5.4 NEGATIVE NEGATIVE NEGATIVE NO

12 25 F 38 NO NO NO NO NIL YES 36 8 NEG NEG 10.4 72 1.8 0.6 18 21 5.9 NEGATIVE NEGATIVE NEGATIVE NO

13 18 M 36 NO NO NO NO NIL YES 36 8 NEG NEG 9.8 72 3.2 0.4 30 20 6.2 NEGATIVE NEGATIVE NEGATIVE YES

14 32 F 30 NO NO NO NO NIL YES 30 8 NEG NEG 12 75 3.8 0.3 18 12 6.1 NEGATIVE NEGATIVE NEGATIVE YES

15 18 F 12 NO NO NO NO NIL YES 12 8 NEG NEG 10.6 76 4.6 0.4 25 20 5.5 NEGATIVE NEGATIVE NEGATIVE YES

16 50 M 14 NO YES NO NO NIL YES 12 10 NEG NEG 9 80 2 0.6 40 38 6.4 NEGATIVE NEGATIVE NEGATIVE NO

17 46 M 4 YES YES NO NO NIL YES 2 9 NEG NEG 9.6 82 2.2 0.8 20 12 7.4 NEGATIVE NEGATIVE NEGATIVE NO

18 22 M 4 NO YES NO NO NIL YES 3 8 NEG NEG 10.4 82 1.8 0.8 20 24 6.2 NEGATIVE NEGATIVE NEGATIVE NO

19 42 M 2 NO NO NO NO NIL YES 1 8 NEG NEG 9.2 84 1.4 0.7 21 27 6.4 NEGATIVE NEGATIVE NEGATIVE YES

20 15 M 8 NO NO NO NO NIL YES 6 8 NEG NEG 10.2 84 1.8 0.5 20 22 5.8 NEGATIVE NEGATIVE NEGATIVE YES

21 31 F 18 NO NO NO NO NIL YES 18 8 NEG NEG 8.4 84 2.2 0.5 16 10 6.5 NEGATIVE NEGATIVE NEGATIVE YES

22 22 M 26 NO NO YES NO NIL YES 24 8 NEG NEG 9.2 84 2.2 0.9 20 18 6.8 NEGATIVE NEGATIVE NEGATIVE YES

23 34 M 26 NO YES NO NO NIL YES 24 8 NEG NEG 10.8 84 1.4 0.6 20 24 6.8 NEGATIVE NEGATIVE NEGATIVE YES

24 46 M 24 NO NO NO NO NIL YES 24 8 NEG NEG 8.3 84 2.1 0.6 30 32 6.4 NEGATIVE NEGATIVE NEGATIVE NO

25 42 M 37 NO NO NO NO YES YES 36 8 NEG NEG 8.4 84 1.4 0.5 21 12 6 NEGATIVE NEGATIVE NEGATIVE NO

26 37 M 48 NO NO YES NO NIL YES 48 8 NEG NEG 11.2 84 2.1 0.5 18 16 6.1 NEGATIVE NEGATIVE NEGATIVE YES

27 42 M 8 YES NO NO NO NIL YES 6 8 NEG NEG 8.8 88 1.6 0.6 36 24 6.2 NEGATIVE NEGATIVE NEGATIVE YES

28 19 M 14 NO NO NO NO NIL YES 12 8 NEG NEG 9.2 88 2.2 0.6 31 21 5.8 NEGATIVE NEGATIVE NEGATIVE YES

29 45 M 8 NO YES NO NO NIL YES 6 8 NEG NEG 8.4 98 2.2 0.6 28 20 6.4 NEGATIVE NEGATIVE NEGATIVE YES

30 36 M 24 NO NO YES NO NIL YES 24 8 NEG NEG 10.4 98 1.4 0.6 40 38 6.2 NEGATIVE NEGATIVE NEGATIVE NO

31 58 M 26 NO YES NO NO NIL YES 24 8 NEG NEG 7.3 98 5 0.6 20 18 6.2 NEGATIVE NEGATIVE NEGATIVE NO

32 45 M 6 NO YES NO NO NIL YES 3 6 NEG NEG 10.6 102 2.2 0.6 32 30 6.4 NEGATIVE NEGATIVE NEGATIVE NO

33 28 M 6 NO YES NO NO NIL YES 5 8 NEG NEG 9 102 2.8 0.4 20 18 6 NEGATIVE NEGATIVE NEGATIVE YES

ANNEXURE IV - MASTER CHART



34 25 M 10 NO NO NO NO NIL YES 7 8 NEG NEG 8.2 102 2.1 0.6 44 16 6.5 NEGATIVE NEGATIVE NEGATIVE YES

35 45 F 12 NO NO NO NO NIL YES 12 8 NEG NEG 8.4 102 2.8 0.4 28 26 6 NEGATIVE NEGATIVE NEGATIVE YES

36 29 M 26 NO YES YES NO NIL YES 24 10 NEG NEG 8.4 102 2.1 0.6 28 40 6 NEGATIVE NEGATIVE NEGATIVE YES

37 23 F 42 NO NO NO NO NIL YES 42 8 NEG NEG 8.9 102 5 0.3 28 31 6 NEGATIVE NEGATIVE NEGATIVE NO

38 55 F 8 YES YES NO NO NIL YES 6 8 NEG NEG 6.8 104 5.3 0.2 18 10 5.8 NEGATIVE NEGATIVE NEGATIVE YES

39 41 F 26 NO NO NO NO NIL YES 24 8 NEG NEG 8.8 108 5.8 0.6 40 42 5 NEGATIVE NEGATIVE NEGATIVE YES

40 48 M 12 NO NO NO NO NIL YES 10 8 NEG NEG 9.8 112 2.2 0.6 38 26 6.2 NEGATIVE NEGATIVE NEGATIVE YES

41 43 M 36 NO YES NO NO NIL YES 36 8 NEG NEG 8.1 114 6 0.6 20 12 6 NEGATIVE NEGATIVE NEGATIVE YES

42 38 F 30 NO NO NO NO NIL YES 30 8 NEG NEG 11 116 5.9 0.4 13 17 7 NEGATIVE NEGATIVE NEGATIVE YES

43 37 F 18 YES YES NO NO NIL YES 18 8 NEG NEG 10.2 118 6 0.4 21 18 6 NEGATIVE NEGATIVE NEGATIVE YES

44 39 F 20 NO NO NO NO NIL YES 18 8 NEG NEG 6 119 6.2 0.5 20 12 6.5 NEGATIVE NEGATIVE NEGATIVE YES

45 40 M 42 NO NO NO NO NIL YES 42 8 NEG NEG 6.8 119 6.3 0.5 20 12 6.4 NEGATIVE NEGATIVE NEGATIVE NO

46 30 M 44 NO NO NO NO NIL YES 42 8 NEG NEG 6.5 122 6.1 0.2 14 12 6.1 NEGATIVE NEGATIVE NEGATIVE YES

47 30 M 6 NO YES NO YES NIL YES 6 8 POS NEG 7.8 128 6.3 0.6 34 38 5.5 NEGATIVE NEGATIVE NEGATIVE NO

48 28 M 48 NO NO NO NO YES YES 48 8 NEG NEG 7.2 128 6.2 0.5 38 42 6.7 NEGATIVE NEGATIVE NEGATIVE YES

49 39 M 32 NO NO NO NO NIL YES 30 8 NEG NEG 7.8 139 7.2 0.3 18 16 5.8 NEGATIVE NEGATIVE NEGATIVE YES

50 40 M 8 NO YES NO NO NIL YES 6 8 NEG NEG 8.9 152 7 0.5 12 19 6.3 NEGATIVE NEGATIVE NEGATIVE YES

51 20 M 4 NO YES NO NO NIL YES 3 6 NEG NEG 10.6 156 7.6 0.4 19 18 6.2 NEGATIVE NEGATIVE NEGATIVE YES

52 32 F 24 NO NO NO NO NIL YES 24 8 NEG NEG 7.2 156 8.1 0.4 20 19 6 NEGATIVE NEGATIVE NEGATIVE YES

53 38 M 26 NO NO NO NO NIL YES 24 8 NEG NEG 6.1 158 8.5 0.4 20 20 5.9 NEGATIVE NEGATIVE NEGATIVE NO

54 33 M 20 NO NO NO NO NIL YES 18 8 NEG NEG 11.6 164 8.9 0.5 16 13 6.7 NEGATIVE NEGATIVE NEGATIVE YES

55 30 M 3 NO YES NO NO NIL YES 2 8 NEG NEG 8 174 9.1 0.4 18 10 6.3 NEGATIVE NEGATIVE NEGATIVE NO

56 47 M 26 NO NO NO NO NIL YES 24 8 NEG NEG 7.2 178 5.6 0.6 37 41 6.2 NEGATIVE NEGATIVE NEGATIVE NO

57 50 M 20 YES YES NO NO NIL YES 18 8 NEG NEG 9.7 183 9.2 0.5 25 16 6.6 NEGATIVE NEGATIVE NEGATIVE NO

58 35 M 24 NO NO NO NO NIL YES 24 8 NEG NEG 8.2 186 9.3 0.4 18 10 6.2 NEGATIVE NEGATIVE NEGATIVE YES

59 34 M 37 NO NO NO NO NIL YES 36 8 NEG NEG 11 186 10.9 0.4 25 20 6.9 NEGATIVE NEGATIVE NEGATIVE YES

60 35 M 8 NO NO YES NO NIL YES 6 10 NEG NEG 7.8 194 9.7 0.2 24 26 6.3 NEGATIVE NEGATIVE NEGATIVE NO

61 28 M 14 NO NO NO NO NIL YES 12 8 NEG NEG 9.6 204 11.7 0.3 18 17 6 NEGATIVE NEGATIVE NEGATIVE YES

62 38 M 14 NO NO NO NO NIL YES 12 8 NEG NEG 6.2 206 12.5 0.4 38 42 6 NEGATIVE NEGATIVE NEGATIVE YES

63 29 M 4 NO NO NO NO NIL YES 3 8 NEG NEG 7.2 210 13.3 0.5 52 64 6.2 NEGATIVE NEGATIVE NEGATIVE NO

64 37 M 26 NO YES NO NO YES YES 24 8 NEG NEG 5.2 228 4.3 0.6 12 32 6.3 NEGATIVE NEGATIVE NEGATIVE YES

65 28 M 32 NO NO NO NO NIL YES 30 8 NEG NEG 9 238 14.8 0.6 33 40 7 NEGATIVE NEGATIVE NEGATIVE YES

66 37 M 42 NO NO NO NO NIL YES 42 8 NEG NEG 9 238 14.8 0.6 33 40 7 NEGATIVE NEGATIVE NEGATIVE NO

67 33 M 8 NO YES NO YES NIL YES 6 8 NEG NEG 10.4 90 1.4 2.2 36 34 6 NEGATIVE NEGATIVE NEGATIVE NO

68 54 M 26 NO NO NO NO NIL YES 24 8 NEG NEG 8.5 92 4 0.4 13 11 8 NEGATIVE NEGATIVE NEGATIVE NO

69 45 F 42 NO NO NO NO NIL YES 42 8 NEG NEG 8.5 92 4 0.4 19 16 6.2 NEGATIVE NEGATIVE NEGATIVE NO

70 19 M 4 NO YES NO NO NIL YES 3 6 NEG NEG 10.2 94 2.1 0.6 40 48 6.2 NEGATIVE NEGATIVE NEGATIVE NO



71 40 M 8 NO YES NO NO NIL YES 6 12 NEG NEG 10.4 98 1.8 0.6 46 40 6.4 NEGATIVE NEGATIVE NEGATIVE YES

72 23 M 26 NO NO NO NO NIL YES 24 8 NEG NEG 9.2 84 2.2 0.4 18 13 6.5 POSITIVE NEGATIVE NEGATIVE YES

73 24 M 24 NO NO NO NO NIL YES 24 8 NEG NEG 8.2 112 4.9 0.4 11 19 6.2 POSITIVE NEGATIVE NEGATIVE YES

74 46 M 26 NO NO NO YES NIL YES 24 8 POS NEG 10.4 42 1.8 0.6 42 12 7.2 POSITIVE NEGATIVE POSITIVE YES

75 58 M 24 NO NO NO NO NIL YES 24 8 NEG NEG 9.8 126 7.4 0.4 10 14 5.9 POSITIVE NEGATIVE POSITIVE YES

76 37 M 26 NO NO NO NO NIL YES 24 8 NEG NEG 10.2 108 13.1 0.3 19 17 7.6 POSITIVE POSITIVE POSITIVE YES

77 54 M 32 NO NO NO NO NIL YES 30 8 NEG NEG 10.2 102 2.4 0.4 21 18 6 POSITIVE POSITIVE POSITIVE YES

78 38 M 30 NO NO NO NO YES YES 27 8 NEG NEG 9.8 103 10.4 0.5 17 12 6.1 POSITIVE POSITIVE POSITIVE YES

79 36 F 36 NO NO NO NO NIL YES 36 8 NEG NEG 9.1 108 4.1 0.3 14 10 5.5 POSITIVE POSITIVE POSITIVE YES

80 53 M 48 YES YES YES NO YES YES 48 8 NEG NEG 10.9 118 6.4 0.4 21 12 6 POSITIVE POSITIVE POSITIVE YES

81 34 M 26 NO YES NO NO NIL YES 24 8 NEG NEG 12.8 162 16 0.5 28 19 6 POSITIVE POSITIVE POSITIVE NO

82 18 M 26 NO NO NO NO NIL YES 24 8 NEG NEG 10.6 180 10 0.4 20 12 6.4 POSITIVE POSITIVE POSITIVE NO
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