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Abstract
Hepatitis C virus (HCV) is a blood-borne pathogen that transmits infection via transfusion. Hepatocellular 
carcinoma is the fifth most common cancer and a major cause of death in patients with chronic HCV 
infection. Response to treatment is mainly based on the genotypic characterization of HCV. The gold 
standard for genotyping HCV is by sequencing highly conserved regions such as NS5, core, E1, and 5’UTR. 
Serum samples of patients who visited the tertiary care hospital with clinical features suggestive of 
HCV infection formed the study group. HCV genotyping was performed using multiplex  Polymerase 
Chain Reaction in the samples tested positive by  Chemiluminescence Immunoassay (CLIA). The viral 
loads were also performed on selected patient samples. In the present study, Genotype 4 (35.71%), 
followed by Genotype 3 (17.53%) and 1 & 1b (12.34%) were the common genotypes observed. Genotype 
1,1b & 4 mixed type and genotype  4 and 5 mixed type was detected in one sample each (0.65%). The 
mean measured value of HCV antibody was 11.51 ± 4.57. The viral load was detected in 61 out of 81 
samples tested. The mean viral load ranged from 550 to 552769250IU/ml (log 2.74-log 8.74). Genotype 
4 was the most common genotype demonstrated in our study as opposed to the other studies were 
genotype 3 was the dominant one in south India.
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INTRODUCTION

 Hepatitis C virus (HCV) infection is a 
blood-borne viral disease deadlier than HIV.1,2 It 
belongs to the genus Hepacivirus of the Flaviviridae 
family and is implicated in the causation of chronic 
liver disorders.3 HCV is a public health challenge 
as the infection is often chronic and further 
disadvantageous due to high mutation rate and 
non-availability of an effective vaccine.4,5 The HCV 
RNA (genome) is a single-stranded, positive-sense 
RNA with a length of around 9,600 nucleotide 
bases. The HCV genome has a single lengthy open 
reading frame (3006-3037 codons) flanked by 
untranslated sections at the 5' and 3' ends (UTRs).6

 HCV is known to demonstrate high 
genetic heterogeneity and the International 
Committee on Taxonomy of Viruses (ICTV) has so 
far identified eight genotypes, numbered from 
1 to 8 with about 90 subtypes and millions of 
quasispecies. The enzyme RNA-dependent RNA 
polymerase, responsible for viral replication, does 
not exhibit ‘proofreading’ activity and thus results 
in multiple mutations and evolution of numerous 
quasispecies. The genomic instability that is found 
by HCV has been termed as quasispecies.7-10

 The prevalence of HCV differs between 
developed and developing countries.11 Globally, 
genotype – 1 is the most prevalent type with 
almost 49 % prevalence, followed by genotype-3 
(18%), genotype 4 (17%), and around 5 % each 
of genotypes 5 & 6. Genotypes 4,5,6 and 7 are 
endemic to certain places while the other types 
are found all over the world.7 The prominent 
genotype in India was observed to be Genotype 3 
followed by Genotype 1. Region-wise distribution 
of HCV genotypes suggested that Genotype 3 was 
noticed in eastern, western, and northern parts 
of India, whereas Genotype 1 predominated in 
South India.3 These studies were in concordance 
with other. Studies by Sadhukhan et al. from West 
Bengal, eastern India, found Genotype 3 to be 
the prominent type from this region followed by 
Genotype 1, 3a and 1b. 12-17

 Genotype 3 was associated with increased 
liver complications when compared to the other 
genotypes with reduced response to therapy as 
well.13

 Knowledge about  the genotypic 
distribution of HCV in a geographical area 

may facilitate treatment planning and provide 
appropriate clues about the consequences of 
HCV-related liver disease in that geographical area. 
This study analyzed the various genotypes of HCV 
using multiplex Real-time PCR in seropositive HCV 
samples. 

METHODS

 This was a retrospective study, conducted 
in the Department of Microbiology, at a tertiary 
care hospital. Data from January 2017 to January 
2020 were analyzed. The Institutional Human Ethics 
Committee approval was obtained prior to start of 
the study (reference ID PSG/IHEC/2021/Appr/ 
Exp/243). Patients suspected to have Hepatitis 
C infection based on the clinical presentation, 
irrespective of age formed the study group. 
Collection of blood for analysis followed a standard 
protocol where in 5 ml venous blood was drawn 
into a plain vial, serum separated and aliquot in 
different vials and stored at -80°C until tested. 
During the study period of 3 years around 81163 
serum samples were tested for HCV antibodies by 
Chemiluminescence immunoassay (CLIA) (Abbott, 
ARCHITECT Analyzer), among which only 154 
samples were sent for genotyping. The serum 
samples, which were icteric, lysed or turbid were 
excluded.
 Collection of blood for analysis followed 
a standard protocol where in 5 ml venous blood 
was drawn into a plain vial, serum separated and 
aliquot in different vials and stored at -70°C until 
tested. While biochemical tests are crucial markers 
for the diagnosis of suspected Hepatitis C cases, 
as it was out of scope for our study department. 

Viral RNA extraction
 The extraction of Hepatitis C virus 
ribonucleic acid (HCV RNA) was performed from 
plasma using QIA amp R viral RNA mini kit(QIAgen 
GmbH) RNA kit following the manufacturers’ 
instructions.
 Following extraction, the RNA was eluted 
in 50µl of elution buffer and stored at -80 °C until 
further processing. The amplification was done 
using Sansure Biotech amplification kit. The test 
is based on real-time one-step polymerase chain 
reaction (PCR) technology. It includes reverse-
transcriptase (RT) reaction to convert RNA into 
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complementary deoxyribonucleic acid (cDNA) 
followed by multiplex PCR for the amplification of 
specific genotype sequences i.e., 5’ untranslated 
region (UTR) region (Genotype2,3,4,5, and 6) and 
NS5b region (Genotype 1a and 1b) using target 
specific probes. The assay principle is based on 
Taqman probes which allow higher specificity 
and sensitivity. The thermal cycling parameters 
include reverse transcription at 50°C for 15 
minutes followed by RT inactivation at 95°C for 20 

seconds and PCR amplification (45cycles) for 30 
seconds the fluorescent data is collected after 60°C 
extension step and analyzed for the genotypes as 
per manufacturer’s instructions.
 The viral load was performed using real-
time PCR RGQ (ROTOR GeneQ) analyser. It utilizes 
the RT-PCR to quantitate HCV RNA. The analytical 
detection limit of the HCV RG RT-PCR Kit is 0.19 IU/
µl. The anti-HCV antibody detection from plasma 
samples were tested using CLIA Abbott, ARCHITECT 

Figure 1. Distribution of genotypes in the HCV-positive samples in the present study

Figure 2. HCV Serology across samples

Analyzer. It is a two step immunoassay that uses 
chemiluminescent microparticle immunoassay 
(CMIA) technology for the qualitative detection 
of anti HCV antibodies in human serum/plasma. 
It uses the HCr43 protein composed of two non 
contiguous coding regions of the HCV genome 
(33c and core) and c100 3 (putative nonstructural 
NS3 and NS4). As per the analyzer- a result of 
greater than 1.0 indicates a reactive sample and 
is suggestive of the presence of HCV antibody.
 For quality purposes, selected samples 
were subjected to interlaboratory comparison at 
NABL accredited laboratories whose results were 
satisfactory.
 The data thus obtained were tabulated 
and statistically analyzed using statistical software 
R 4.0.3 and Microsoft Excel for Windows 2016. 
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Table 1. Distribution of HCV genomes in the present 
study

HCV genotype Frequency Percentage

Genotype1 3 1.95
Genotype1 &1b 19 12.34
Genotype1 & 1b& 4 1 0.65
Genotype1a 1 0.65
Genotype1b 2 1.30
Genotype3 27 17.53
Genotype4 55 35.71
Genotype4 &5 1 0.65
HCV common 4 2.60
Not detected/untypeable 41 26.62

Continuous variables were represented by mean ± 
SD and categorical variables by a frequency table.

RESULTS

 A total of 374 samples were positive for 
HCV antibodies’ from 81163 samples tested (0.4%) 
satisfying the inclusion and exclusion criteria. In 
the present study, 154 out of the 374 samples 
were sent for genotyping. There were 61 females 
(39.61%) and 93 males (60.39%) with ages ranging 
from 24 to 85 years with mean age of 56.47±13.14 
years. Out of 154 samples, genotype was detected 
in 113. The most common HCV genotype identified 
was that of genotype 4 in 55 samples (35.71%) 
followed by genotype 3 in 27 samples (17.53%) 
and only one each of Genotype 1 & 1b & 4 mixed 
type, Genotype 1a and Genotype 4 & 5 mixed type 
(0.65%). Table 1 represents the distribution of the 
various genotypes. 
 Distribution of genotypes in the samples 
is represented in Figure 1 and the HCV serology is 
summarized in Figure 2. 
 The mean measured value of the HCV 
antibody was 11.51 ± 4.57. The viral load was done 
in 81 samples for which there was a requisition 
for the same. The viral load was detected in 60 
samples and in the remaining 21 samples, no 
viral load was detected. The mean viral load was 
21439255 ± 80468277IU/ml (log7.33-log7.9), 
ranging from 550 to 552769250 IU/ml. When the 
antibody levels were compared with sex of the 
participants, there was no statistical difference 
(p=0.089). The standard treatment guidelines for 
each genotype has been summarized in Table 2.18

DISCUSSION

 HCV infection can be acute or chronic. 
Acute HCV infections are frequently asymptomatic, 
and the majority of them do not progress to a life-
threatening condition. It is observed that 60-80% 
of patients with acute infection progress to chronic 
HCV infection in their lifetime. HCV is the major 
cause of liver cirrhosis, hepatic decompensation, 
and/ or hepatocellular carcinoma and is also a 
common cause of liver transplantation.
 Genotyping of HCV infections helps 
predict the severity of the infection and also 
determines the response to therapy initiated 
accordingly.19 The major goal of treatment is to 
reduce the side effects by attaining total viral 
eradication, which is defined as undetectable 
HCV RNA 3 months after completion of antiviral 
therapy.20 Among 154 samples analyzed only 
113 (73%) samples were typeable. In our study, 
Genotype 4 was found to be the most common 
variant (35.71%) followed by genotype 3(17.53%). 
A study conducted in South India by Rooby et al. 
showed Genotype 3 as the dominant type followed 
by type 1 and type 4. Genotype 1 showed subtype 
1b as the dominant type (75%) followed by 1a and 
1c. They found a higher percentage of genotype 
4 which was previously dominant in the Middle 
East and Africa. The result of the present study is 
in concordance with study by Rooby et al, which 
is also from South India. Higher percentage of 
individuals taking up travel for various reasons 
and migration of population from different parts 
of the world or India might have caused this kind 
of a variation in the HCV genotypes, as has been 
suggested in literature.21

 The studies by Christdas et al. from 
Tamil Nadu, South India, revealed the most 
common HCV genotype was identified to be type 
3 accounting for 63.85%. Genotype 1 (25.72%), 
genotype 2 (0.002%), genotype 4 (7.5%), and 
genotype 6 (7.5%) were among the other 
genotypes discovered. The studies also confirmed 
that genotype 3 was predominant, whereas 
patients from the South were more likely to have 
genotype 1 or 4. Patients from North-Eastern India 
were the only ones with genotype 6. Recombinant 
variants of genotypes 1 and 2 were observed in 
two patients in their study.9
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Table 2. Recommendations for treatment of HCV genotypes(18) 

Genotype 1 Ledipasvir-sofosbuvir
 Ombitasvir-paritaprevir-ritonavir with or without ribavirin
 Sofosbuvir plus simeprevir with or without  ribavirin
 Daclatasvir plus sofosbuvir with or withoutribavirin.
For retreatment of patients with Ledipasvir-sofosbuvir with or without ribavirin
genotype 1 who had no improvement Ombitasvir-paritaprevir-ritonavir and dasabuvir with or
with peg-interferon and ribavirin without ribavirin
 Sofosbuvir plus simeprevir with or without ribavirin
 Daclatasvir plus sofosbuvir with or without ribavirin
For patients who had no improvement Ledipasvir-sofosbuivr plus ribavirin
with sofosbuvir plus ribavirin,
with or without peg-interferon
Genotype 2 Sofosbuvir with ribavirin
 Daclatasvir plus sofosbuvir
For retreatment of patients with genotype 2 Sofosbuvir plus ribavirin
who had no improvement with peg-interferon 
and ribavirin
For retreatment of patients with genotype 2 Daclatasvir plus sofosbuvir (with or without ribavirin)
who had no improvement with sofosbuvir  Sofosbuvir plus ribavirin plus peg-interferon
plus ribavirin
Genotype 3 Daclatasvir plus sofosbuvir
 Daclatasvir plus sofosbuvir, with or without ribavirin
 Sofosbuvir plus ribavirin plus peg-interferon
For retreatment of patients with genotype 3 Daclatasvir plus sofosbuvir  for  along  with Ribavirin in those 
who had no improvement with peg-interferon  with cirrhosis
and ribavirin Sofosbuvir plus  ribavirin  plus  peginterferon (with or without 
 cirrhosis)
For retreatment of patients with genotype3   Daclatasvir plus sofosbuvir plus ribavirin
who had no improvement with sofosbuvir Sofosbuvir plus ribavirin plus peg-interferon
Genotype 4 Ledipasvir-sofosbuvir
 Ombitasvir-paritaprevir-ritonavir plus ribavirin
 Sofosbuvir plus ribavirin
 Sofosbuvir plus ribavirin plus peg-interferon
 Grazoprevir
 Elbasvir
Genotype 5 and 6 Ledipasvirsofosbuvir
 Peg-interferon plus ribavirin
 Grazoprevir-elbasvir
For retreatment of patients with genotype 5 Ledipasvir-sofosbuvir
and 6 who had no improvement with peg- Sofosbuvir plus ribavirin plus peg-inteferon
interferon plus ribavirin

 The geographical isolation of HCV 
genotypes has led to the traditional belief that 
only the Middle East and Africa are home to 
genotype 4, which is believed to be resistant to 
treatment. It is noteworthy that there has been an 
incidence of increasing Genotype 4 mainly in South 
India.22 Also, studies done by Christdas et al. also 
highlighted the increasing prevalence of Genotype 
4 in Andhra Pradesh, South India.9 The present 

result from South India also is in concordance 
with the above observation where an increased 
percentage of type 1 and type 4 were detected, 
along with prominent genotype 3.
 A new Genotype 7 was isolated in 
patients originating from the Democratic of Congo, 
Central Africa.23

 Khan et al. found genotype 3a to be 
the predominant type followed by mixed types 
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as Genotype 1 and 3 (0.4%), Genotype 2 and 3 
(1.4%) and Genotype 3 and 4 (0.2%) along with 
a significant being ‘un-typeable’ genotypes.24 

The present study also found a mixed 4 and 5 
genotypes, and a mixed type - 1, 1b, and 4, in 
one sample each. In addition, about 26% of the 
samples were not genotyped and about 2 % of 
them were common HCV types, like the previous 
study. The likely possibilities for untypeable 
genotypes could be due to low HCV RNA level 
(<500 IU/mL), probe reactivity with multiple HCV 
genotype, and variation in patient’s HCV target 
sequences with mismatches to PCR primers and/
or probes.25 For those samples which could not 
be genotyped, it can be subjected to sequencing 
which is the gold standard method for further 
analysis.
 In the study by Sadhukhan et al, the mean 
viral load of HCV samples was 6.28±0.89 log10IU/
ml and a statistically highly significant association 
of viral load was found in Genotype 1.17 Similar 
association between genotype 1 and high viral 
load was found in the study by Riaz et al.26 In the 
observations of the present study, the mean viral 
load was much higher by 21439255 ± 80468277 
with a range 550 to 552769250IU/ml. (log 2.74-log 
8.74). The high viral load of log 5.3 (>200000IU/
ml) was also seen in Genotype 1 and in Genotype 
4.
 Patients having Genotype 2-a show a 
better response to Interferon-a compared to type 
1b. Genotype 4 is a difficult strain to treat even 
with a combination of interferon and ribavirin. 
Genotype 2 and 3 are relatively easier to treat 
whereas genotypes 1 and 4 are difficult to treat 
using interferons alone or in combination with 
ribavirin.9,27

 Introduction of direct-acting antivirals 
(DAA) has rendered treatment of HCV relatively 
easier when compared to interferons as they can 
cause significant complications. DAA provides 
better pharmacological safety and now are 
considered standard care for the management of 
HCV but on the other hand, is very expensive.17,28 
Interestingly, Genotype 3 has been found to show 
reduced response to even DAA.17,29 Sofosbuvir has 
been noted to inhibit all genotypes of HCV and high 
efficacy is noted with genotypes 1 to 6 and to a 

limited extent in genotypes 7 and 8. A combination 
of sofosbuvir, velpatasvir, and voxilaprevir has 
provided a better response across all genotypes, 
even in those who had failed treatment with other 
DAA.30 Treatment for each genotype has been 
summarized in table 2.31

 Early diagnosis of HCV infection and 
initiation of treatment is of utmost importance 
as it delays and precludes complications. Further, 
it adds to the prevention of spread of infection in 
the community.32

Limitations

 The present study did not include 
the patient’s clinical details as history of blood 
transfusion, intravenous drug abuse, sexual 
history, and geographic origin or serum markers. 
Also, the treatment undertaken by the patients 
was not recorded in this study. Future studies 
should include all these parameters to obtain 
a robust information system that can provide a 
thorough insight into HCV in South Indians.

CONCLUSION

 This study looked at the genotypic 
variations of HCV in the South Indian population 
visiting a tertiary care hospital. Genotype 4 was 
found to be the most common type, as opposed 
to genotype 3 which was previously reported as 
common. This shows that there could be changing 
patterns of genotypic distribution probably 
because of migration or travel.  A seropositivity of 
0.4% was detected in the present study setting. It 
can be reiterated that genotyping and viral load 
estimation is of utmost importance for diagnosis, 
treatment planning along with follow up and the 
current study has been effective in achieving the 
objectives.
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