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   Abstract 

Hepatitis C virus (HCV) causes serious hepatic manifestations viz. chronic liver cirrhosis, necrosis and hepatocellular 

carcinoma. Globally 3% of the population is highly affected by HCV infection. A total of 751 HCV suspected samples 

collected from Primary Health Care centres, both from Private and Government hospitals in Tamil Nadu were screened 

with anti HCV antibodies-ELISA test revealed a prevalence of 0.5% of the population to have HCV diseases burden in 

different age groups. The pediatric age groups (1-5 and 6-12 years) were predominantly HCV affected and statistical 

analysis of the data revealed the significant differences between the age groups. The 28% of the blood transfusion cases 

showed HCV infections, followed by haemodialysis (12%), intravenous drug abuse (02%), tattoos and piercing (01%), 

sexual contact and abusement (08%), plasmapheresis (08%), contact to HCV infected material (01%), perinatal (02%), 

intravenous immunoglobulin treatment (03%), transplantation (18%) and unknown (17%). The predominant symptoms 

of HCV infection were jaundice (90%), fever (60%), dark urine (48%), hepatomegaly(35%), and spleenomegaly (20%). A 

severe impact of the Hepatitis C virus infections was on the biomarkers viz. bilirubin, SGOT, and SGPT which were found 

to be significantly elevated. The elevated levels of total bilirubin were 70%, serum glutamine oxalo transaminase (SGOT) 
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(60%), serum glutamate pyruvic transaminase (SGPT) (60%), alkaline phosphatase (55%) and albumin (49%). Nested 

PCR amplification of the genomic RNA of the virus isolated from ELISA positive HCV cases yielded specific amplicons. The 

outer region primers of the HCV core protein yielded precise products of 417 bp while the inner region primers yielded 

343bp of amplicons which confirmed the occurrence of HCV infections. The transfusion of blood and products between 

the donors and recipients are the chief sources and factors of HCV transmission in the population and therefore 

appropriate precautionary measures are paramount in the prevention of the HCV infections. 

Keywords: Hepatitis C virus; ELISA; Polymerase chain reaction; Pediatric age groups 

 

Introduction 

     Hepatitis C virus induced hepatocellular carcinoma and 
chronic liver infection is one of the major communicable 
diseases [1]. Nearly 200 million people are carriers of 
Hepatitis C virus, and 3.3% of world population has HCV 
infection [2]. The chronic hepatic C Virus infected patients 
have characteristic symptoms such as yellowish urine, 
severe upper abdomen pain and nausea, fatigue and 
muscle aches, persistent chronic hepatitis, fibrosis and 
liver cancer [3.4]. Hepatitis C virus infection has 
incubation period of 6 to 8 months and that causes 
mortality of thousands of people every year. 
 
     Hepatitis C virus is classified into Non-A and Non-B 
types. It is a positive sense RNA virus belonging to the 
family Flaviviridae and genus Hepacivirus. Hepatitis C 
virus is highly variable and it’s genome has been classified 
into 6 variable genotypes [5]. Genotype 1, 2 and 3 are 
commonly distributed in all parts of the world. The 1a and 
1b genotypes of the Hepatitis C virus are not only widely 
spread in Europe, USA and Japan and recently these 
subtypes are also found to occur in Tamilnadu, India [6]. 
The genotype 4 of the Hepatitis C virus is also expressed 
in Middle East and Central Africa. The genotype 5 of the 
Hepatitis C virus is found in South Africa while the 
genotype 6 has recently been identified in the South East 
Asia [7,8]. The genome of Hepatitis C virus consisted of 2 
essential regions viz., structural and nonstructural 
regions. The other essential regions of the Hepatitis C 
virus genome include core and envelope proteins and 
untranslated regions. 
 
     The Hepatitis C virus infection was found in patients at 
acute and chronic stages of infection. The acute stage of 
Hepatitis C virus infections are known to be 
asymptomatic [9,10]. In contrast, the chronic Hepatitis C 
virus infections were symptomatic jaundice with fever 
while HCV were failed to cause fulminant in 

immunocompetant patients. The patients with chronic 
Hepatitis C virus can lead to the development of liver 
cirrhosis [11]. However the chronic cirrhosis patients 
shall have high risk of progression on hepatocellular 
carcinoma [12]. 
 
     The evaluation of the HCV prevalence in different age 
groups and gender over a period of time will clearly 
indicate the extend of spread of the HCV diseases burden 
which may in turn help to treat and control the disease 
and lead to development of necessary steps to solve the 
HCV issues. In view of the seriousness and importance of 
the HCV infections, the present study was undertaken to 
reckonate the seroprevalence of HCV in both sexes and 
different age groups of patients in and around Chennai, 
India from January to December 2014. Furthermore 
“ELISA”, nested PCR characterization of the core 
polypeptide gene was employed as a marker for HCV 
diagnosis. 
 

Materials and Methods 

Study Population 

     In the present study, HCV suspected samples were 
collected from patients who were admitted in antenatal 
clinics at government/ private hospitals in and around 
Chennai, as well as from other neighbouring districts, 
Tamil Nadu, India and appropriate HCV diagnostic tests 
were performed for the detection of the disease from 
January to December 2014. A total of 751 serum and 
plasma samples were collected from the highly suspected 
patients. Complete details of aetiology of patients such as 
physical examination, age, sex, contact history, date of 
onset of the symptoms of the disease, occupation and 
other risk factors were also recorded from the patients, 
with the help of lab request form (LRF). The Patients were 
segregated into different age groups in years viz. 0-1, 1-5, 
6-12, 13-18, 19-30, and 31-45 and above 45. Data were 
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analysed on the basis of gender, age and month wise 
distribution of samples in the year 2014. 
 

Sample Processing  

     Serum and plasma from each of these blood samples 
from the patients were separated by centrifugation at 
2000 rpm for 10 min. Each serum and plasma sample was 
properly labeled and stored at −20°C and −80°C 
respectively. 
 

Enzyme Linked Immune Sorbent Assay (ELISA) 

     Serum samples from the patients were used to test for 
the presence of HCV IgG antibodies with kits obtained 
from Microlisa, India. ELISA tests were performed as per 
the manufacturer’s instructions. The high and low optical 
density of the antibody titre with the HCV suspected 
serum samples were determined and interpreted. High 
titre ELISA positive HCV cases were chosen for the viral 
RNA extractions in blood plasma of patients and were 
used for nested PCR tests. 
 

RNA Extraction and Nested PCR 

     HCV viral (genome) RNA extractions from Plasma 
samples were done by using QIA amp Viral RNA 
extraction KIT (Qiagen), Germany. Further the presence 
of HCV in the blood plasma patients was confirmed by 
PCR tests by using nested PCR primers specific for HCV 
core protein genes. The PCR primers consisted of the 
conserved nature of these sequences. They are: Sc2- 
5’GGGAGGTCTCGTAGACCGTGCACCATG3’ and Ac2-
5’GAG(AC)GG(GT)AT(AG)TA CCCCATGAG(AG)TCGGC3’ 
were the sense and antisense outer primers for the core 
region, respectively. S7-5’AGACCGTGCACCATGAGCAC 3’ 
and A5-5’TACGCCGGG GGTCA (TG) T(GA) GGGCCCCA 3’ 
were the sense and antisense primers, for the inner 
region primers for PCR were used to generate the 
amplicon for sequencing [13-18]. 
 
     The isolated viral RNA was processed with random 
hexamers which were found to be more efficient and 
primer specific to the 5'-UTR and reverse transcriptase. 
This was carried out using Maloney Murine Leukemia 
Virus Reverse Transcriptase (M-MLV RT; Promega) RT-
PCR reactions were assembled as per manufacturer's 
instructions employing a constant amount of HCV RNA 
(10 μl of RNA in a 50 μl reaction) due to high percentage 

of GC content in HCV. The incubation temperature 45°C -
50°C were used for the conversion of cDNA synthesis. 
Synthesized cDNA was amplified with first set of HCV 
specific primers using 5μl template and then 1μl of the 
PCR product was used for a second round of amplification 
using HCV specific nested primers. 
 
     Cycling conditions of the first-round PCR consisted of 
35 cycles of denaturation at 94° C for 60 sec, annealing 
temperature at 53° C for 60 sec, and extension was at 72° 
C for 60 sec. The second PCR test was performed with 40 
cycles of denaturation at 94° C for 45 sec, annealing at 53° 
C for 45 sec, and extension at 72° C for 45 sec. Carry over 
contamination was prevented as described by Kwok & 
Higuchi method 1989. PCR products were analyzed in 
1.5% agarose gel electrophoresis. The gel was viewed 
under Alpha Imager (AlphaInnotechSan Diego, California, 
USA) and the resulting bands were captured with a 
Polaroid camera. 
 
     In HCV infected patients, the liver function tests 
especially the predominant biomarkers viz. total bilirubin 
was determined by Malloy and Evelyn method, 1937 [19], 
Serum glutamine oxalo transaminase (SGOT) and Serum 
glutamate pyruvic transaminase (SGPT) was determined 
by Reitman and Frankel (1975) [20], Alkaline 
phosphatase and albumin were determined by Kind and 
King (1971) [21]. 
 

Statistical Analysis 

     The data obtained in the present study were 
statistically analyzed by the software SPSS.20 IBM 
version. Specific type distribution was assessed by 
Student t-test and standard deviation of sex, age, month-
season wise and HCV positive samples were also 
performed. 
  

Results and Discussion 

     A total of 751 HCV suspected blood samples was 
screened for the occurrence of Hepatitis C virus from 
January to December 2014 and the results of HCV 
susceptibility and distribution in males and females 
(gender), and different age groups, are presented in 
Figure 1. 
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Figure 1: Month wise distribution of HCV susceptible cases in Chennai 2014. 
 

     The overall susceptible case of Hepatitis C virus was 
found to be relatively more in the months of January, 
April and December 2014. The month wise analysis of 
HCV distribution was statistically analyzed by using the 
student t-test which has shown the distribution frequency 
to be significant and attained a value of 6.2±4.2 where the 
hypothesis was accepted as shown in the Table 1. 
 

One-Sample Test 

Parameters 
Test Value = 0 

t Df Sig. (2-tailed) 
Month 6.245 11 0 
Male 11.813 11 0 

Female 17.702 11 0 
Positive Male 4.899 11 0 

Positive Female 4.529 11 0.001 
0 to 1 Yrs 7.301 11 0 
1 to 5 Yrs 9.946 11 0 

6 to 12 Yrs 13.188 11 0 
13 to18 Yrs 2.862 11 0.015 
19 to 30 Yrs 3.532 11 0.005 
31 to 45 Yrs 4.241 11 0.001 

Above 46 Yrs 5.206 11 0 

Table 1: Statistical analysis of HCV cases distributed in 
different age groups. 
      

     In the gender wise distribution, the male susceptible 
cases were elevated in the month of April and October. 
Similarly, the female gender cases for HCV were high in 
January, April and September. The statistical analysis of 
gender wise student t-test attained 11.8±2.9 and the 
hypothesis is statistically significant between male and 
female gender (17.7±2.2). The age wise distribution of 
suspected cases were segregated into 0-1,1-5,6-12,13-
18,19-30,31-45 years and above 45 years and the data are 
detailed in figure 1.  
 
     The total number of HCV negatives was higher in the 
month of January, April, September and December. 
Among the age group 6-12 yrs, the numbers of HCV 
positives cases were very high, especially notable in the 
number of cases during the month of January, September 
and December. The other age group 19-30, 31-45 and 
above 45yrs showed a very high number of positive cases 
which were observed only in the month of April while in 
the rest of the months showed no significant number of 
HCV positive cases (Figure 2). 

 

 

 



                   Virology & Immunology Journal 

 

Magesh S, et al. Seroprevalence, Epidemiology and Genetic Characterization of 
Hepatitis C Virus, India. Virol Immunol J 2017, 1(1): 000102. 

 Copyright© Bupesh G, et al. 

 

                   5 

Figure 2: Agewise Distribution HCV Susceptible case in chennai 2014. 

 

     The statistically analyzed age wise frequency 
distribution of HCV cases, are shown in Table 1. The t-test 
values of the segregated age groups were attained as 
standard deviation 0-1 (7.3±1.5), 1-5 (9.9±1.6), 6-12 
(11.1±2.6), 13-18 (2.8±1.0), 19-30 (3.5±1.3), 31-45 
(4.2±1.6) and above 45 yrs (5.2±1.4). 

 
     The sources and factors of HCV infections in all 751 
patients were analyzed and calculated as percentage and 
the data are presented in Table 1. The factors such as 
blood transfusion among the hospitals hold 28%, 

haemodialysis (12%), intravenous drug abuse (02%), 
tattoos and piercing (01%), sexual contact and abusement 
(08%), plasmapheresis (08%), contact to HCV infected 
material (01%), perinatal (02%), intravenous 
immunoglobulin treatment (03%), transplantation (18%) 
and unknown (17%). Similarly the predominant 
symptoms of HCV virus infected patients are presented in 
Table 2. The results show that (90%) patients had 
jaundice, followed by (48%) dark urine, (60%) fever, 
(35%) hepatomegaly and (20%) spleenomegaly (Table 3). 

 

 

 

 

Table 2: Factors and sources of HCV transmission in Patients (n=750). 
    
 

 
 

Sl.No. Sources Percentage of patients 

1 Blood Transfusion and related products 38 

2 Hemodialysis 12 

3 Intravenous Drug abuse 2 

4 Tattoos & Piercing 1 

5 Sexual Contact 8 

6 Plasmapheresis 10 

7 Contact of HCV contaminated Material 1 

8 Perinatal 2 

9 Intravenous Immunoglobulin 3 

10 Transplantation 20 

11 Unknown 28 
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Sl.No Symptoms Percentage of patients 

1. Jaundice 90 

2. Fever 60 

3. Dark Urine 48 

4. Hepatomegaly 35 

5. Spleenomegaly 20 

Table 3: Symptoms and prevalence of Hepatitis C virus. 
 
     The results of the liver function tests indicated a severe 
impact of the Hepatitis C virus infections in particular on 
the biomarkers as illustrated in Figure 3. 
 

 
 

Figure 3: Liver function profiles of Hepatitis C virus 
manifestations. 

 
     The total bilirubin observed was 70%, serum glutamine 
oxalo transaminase (SGOT) (60%), serum glutamate 
pyruvic transaminase (SGPT) (60%), alkaline 
phosphatase (55%) and albumin (49%). The liver 
parameters especially the total bilirubin and enzymatic 
parameters SGOT, and SGPT were found to be 
significantly elevated in the HCV infected patients. 
 
     RNA of the HCV genotype isolated from the ELISA 
positive plasma samples were amplified with RT-PCR 
followed by nested PCR. There were 41 HCV ELISA 
positive cases which were also PCR positive and in these 
cases, the amplicon of HCV core protein region were 
amplified in the 5’ prime untranslated regions of the 
genome. The amplicons were profiled with the agarose gel 
electrophoresis as shown in Figure 4.  
 
 

 
 

Figure 4: PCR amplification of 343 & 417 bp core 
protein gene from Hepatitis C virus. M-Molecular 
(DNA-1Kb) ladder, S1 and S2 shows PCR amplified 
products 417 and 343 bp, S3 shows absence of 
amplified products, PC-Positive control shows 
amplified products and absent in negative control 
(NC) 

 
     In all 15 samples, nested -PCR products were 
successfully amplified and consisted of a smaller 343 bp 
fragment corresponding to the inner primer pairs and 
also a larger 417bp fragment corresponding to the outer 
pair of primers of the viral core protein gene. Figure 4 
shows two high positive cases with one negative sample 
which were also profiled along with positive and negative 
controls. 
 
     In Tamil Nadu, India, the Hepatitis C virus is shown to 
be one of the most predominant viruses of the hepatitis 
group. The present study has shown the risk factors that 
influence the infection of hepatitis virus. They were the 
transfusion of blood and related products and 
transplantation which were found to be highly significant 
and higher in HCV infections than that of the other 
associated parameters. Similar such studies that were 
carried out in Brazil showed that the parameter blood 
transfusion alone was the highest positive risk factors for 
the transmission of the HCV [22]. 
 
     The prevalence of the HCV infection in the sample 
population was evaluated in the age groups and was 
further identified and validated the most important risk 
factors that concerns in the epidemiology and etiology of 
Hepatitis C virus infection [23]. The present study 
revealed that the association of the HCV infections with 
that of the susceptibility factors, age, sex and symptoms. 
The student t-test and one sample univariate analysis of 
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the data showed occurrence of significant differences 
between the groups. The age groups 1-5 and 6-12 years 
old pediatric patients in Tamil Nadu, India were shown to 
be the most susceptible age groups and to exhibit a higher 
positivity to anti-HCV antibody. In contrast, none of the 
other age groups exhibited such significant HCV infections 
within the groups. In the present study, the prevalence of 
HCV susceptibility was relatively very high in the month 
of April 2014. 
 
     Moreover the study has shown statistically significant 
gender wise distributions. A high positivity of HCV 
infections was found in the males than in the females. 
These findings indicated that the susceptibility factors 
and possibilities of HCV transmission were very high 
possibly due to the impact of unique genetic factors, social 
behavior and frequent local migration and interaction of 
the hosts. Previous studies in Italy, reported a high 
positivity of HCV infections in the age group of above 45 
years [24-26]. Subsequently some of the studies indicated 
that the migration of hosts didn’t influence the HCV 
transmission in susceptible cases [27]. In the present 
study, the factors and sources of Hepatitis C virus were so 
important for the transmission and infection. Among the 
factors the present study revealed that the transfusion of 
blood and related products were significantly important 
as a major lead factor/ in the HCV infection in Tamil Nadu, 
India. Likewise the predominant symptoms of HCV 
infection were found to be that of the fever and Jaundice 
which were shown to be statistically significant 
symptoms for the HCV infection [28,29]. 
 
     Finally the present study portrays the development 
and use of biomarkers for the diagnosis of HCV infections. 
The 417bp and 343bp core region sequences of the RNA 
of the HCV 1b genome was identified to be unique in the 
Tamil Nadu, India which need further studies. The ELISA 
positive cases were further confirmed by core protein 
gene amplification the HCV positive cases were found to 
be confirmed by this core protein gene PCR amplification. 
Thus the core protein gene sequence 417bp and 343bp is 
strongly recommended for Nested PCR amplification to 
identify and diagnose the HCV infections. Eventually the 
investigation also suggests that the appropriate 
government agencies should take up the issue of HCV 
infections and diseases manifestation in different age 
groups and to provide awareness to all the people and 
community.  
 

 

 

Conclusion 

     In conclusion, the study revealed that the male gender 
had a higher incidence of HCV infection than in the female 
gender and the pediatric age groups 1-5 and 6-12 years 
old children were predominantly affected with HCV 
infection. The transfusion of blood and related products 
were the primary factors and sources of HCV infections. A 
pair of nested PCR amplified products was successfully 
detected consisting of 343 bp and 417bp sequences in the 
HCV infected cases and these were used in the HCV 
diagnosis along with ELISA test. 
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