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The objective of this research is to investigate the prevalence and the distribution of hepatitis C virus (HCV)
genotypes in chronic hemodialysis (HD) patients in Andhra Pradesh, India, through different serological and
molecular detection methods. We investigated the HCV prevalence in 410 chronic HD patients during 2015-2017

and evaluated by collecting the different data on their personal status of awareness on HCV infection. The RT-PCR
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results reviled that few samples that were HCV negative in the tri-dot test (serological method) turned out to be
positive in PCR. The HCV Core gene was amplified, cloned, and sequenced, analyzed that the prevalent genotype
was found to be 3b. Based on the above studies, it is concluded that HD patients are not effective or sensitive in
detecting HCV samples as compared to PCR detection. Hence, extensive precautions and creating awareness in the
HD patients is essential to avoid sever contamination. For several HD patients infected with HCV, the awareness of
the health care system and bio-safety regulations is not clear.

1. INTRODUCTION

The hepatitis C virus (HCV) is a spherical enveloped, positive-sense,
and single-stranded RNA virus that belongs to genus Hepaciviridae, a
member of family Flaviviridae. Based on genetic differences between
HCV isolates, the HCV species is classified into six genotypes [1,2] of
which genotype 3 is thought to have its origin in South East Asia [3].
Genotypes differ by 30-35% of the nucleotide sites over the complete
genome [4]. Geographically, HCV genotypes 1, 2, and 3 are more
prevalent and affect approximately 170-200 million individuals
around the world with an addition of 3-4 million people being infected
and causing 350,000 deaths every year [5-7]. HCV is transmitted
through contaminated blood which makes the intravenous drug users,
hemodialysis (HD) patients, and recipients of blood products at higher
risk. Moreover, it has been found that one of the most common modes
of HCV transmission is nosocomial [§8]. No effective HCV vaccine
is currently available and recent studies indicate that it is possible
to develop a vaccine to prevent HCV. Depending on the absence or
presence of cirrhosis, treatment with pan-genotypic direct-acting
antivirals may cure most patients with HCV infection, and the duration
of treatment is limited (usually 12-24 weeks) [9].
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Most of the dialysis centres follow Tri-dot and ELISA methods to
screen HCV which are highly sensitive in normal cases. However,
reports confirmed that dialysis treatment may show a decrease in
cellular and humoral immunity, which may lower the sensitivity of the
HCV test and show false-negative results [2,4]. Comparison studies
conducted in 2019 in Kolkata, East India, have shown that ELISA
alone cannot be recommended for diagnosis because of high number of
false positives. They also found that TRI-dot was cost-efficient, rapid,
and sensitive with exceptions of early infection detection for which
PCR was considered a better option [10]. The HCV prevalence rate
of HD patients in India is reported to be 3—45% [8]. This study aims
to investigate the HCV prevalence in HD patients of Andhra Pradesh,
Southern India and to inspect the efficiency of different serological
and molecular detection methods. A similar study conducted in 2015
in Punjab, Northern India, where 15% of people are actively infected
by HCV showed that the awareness in common people was below 50%
in all of the above-mentioned categories [11,12].

2. METHODOLOGY

2.1. Sample Collection

A total of 1656 patients in various districts of Andhra Pradesh are
admitted to different government and private dialysis centres. Those
districts covered are predominantly Chittoor, Kadapa, Kurnool,
Anantapur, and Nellore. First screened for date of joining and number
of dialysis per week using oral questionnaire and data collected from
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record, those eligible were selected and consent was taken. Four
hundred and ten patients are selected for above 2 years who have been
under the treatment for the last more than 2 years were voluntarily
enrolled in this study. These 410 patients are screened serologically for
HCV before and current treatment.

Three-milliliter blood samples collected from chronic HD non-
remunerated patients who have been under the treatment for the last
more than 2 years were voluntarily enrolled in this study. The collected
blood was centrifuged and separated serum, 1 ml serum was stored
in —80°C in further use. The 410 (328 male and 82 female) patients
belonged to different parts of Andhra Pradesh.

2.2. Serological Method

Initial screening was performed using Tri-dot (antibody) method 100
ul serum was used according to the manufacturer’s protocol (J Mitra
and Co Pvt. Ltd, India), 200 pl of serum was used for investigation of
SGOT and SGPT automation analysis according to the manufacturer’s
protocol (Aspen Laboratories Pvt. Ltd., India).

2.3. RNAIsolation and Complementary DNA (cDNA) Synthesis

Total RNA was extracted by mixing 250 pl patients’ blood serum with
750 ul TRI Reagent (1:3) (Ambion Life Technology, USA) by following
the manufactures instructions and the isolated RNA was stored at —80°C.

cDNA was synthesized from isolated total RNA using the RevertAid
Reverse transcriptase enzyme (Thermo Scientific, USA) as per the
manufacturer’s protocol. Total RT reaction volume is 20 pL (1 pL of
a random hexamer primer; 1 puL reverse transcriptase; 1 pL RiboLock
RNase inhibitor; 4 uL of x5 reaction buffer; and 2 uL of 10 Mm dNTP
mix) and the reaction was carried out in a thermocycler with the
following conditions 65°C for 5 min, 25°C for 5 min, 42°C for 60 min,
and 72°C for 5 min.

2.4. PCR Amplification, Cloning, and Sequencing of HCV Core
Region

PCR amplification of the core region was done using universal and
genotype-specific outer, inner forward primer and outer, inner reverse
primer as illustrated in Table 1. The PCR amplification was standardized
in a 50 pL reaction mix comprising of x10 Taq DNA polymerase
buffer (20 Mm Tri-HCL PH 8.8, 10 mM Mgcl,, 10 mM (NH,)2S0,,
0.1% Tween 20) 0.2 mM dNTPS, 10 pmol of each of primers forward,
and reverse, 1.5 mM Mgcl,, 20 ng of cDNA as a template, and 2.5
U of recombinant Taq DNA polymerase (Thermo Fermentas, USA).
Thermal cycling was programmed in Applied Biosystems, USA,
with an initial denaturation of 94°C for 5 min followed by 35 cycles
of 94°C for the 30 s, 59-61°C for 45 s, 72°C for 1.5 min, and the
final extension at 72°C for 7 min. The genotype 3b specific primer
condition is an initial denaturation of 94°C for 3 min followed by 35
cycles of 94°C for the 30 s, 62°C for 45 s, 72°C for 1.5 min, and a
final extension at 72°C for 7 min. The amplified PCR product was
resolved on a 1.5% agarose gel and documentation system (UVP,
USA). The HCV amplified region was eluted from agarose gel using
the QIA quick gel extraction kit (QIAGEN, USA). The purified PCR
product was cloned into a Ptz57R/T vector using INSTA Clone PCR
Cloning Kit (Thermo Scientific, USA) according to the manufacturer’s
protocol. The recombinant plasmid was confirmed in the presence
of the HCV gene by PCR, a positive plasmid was sequenced at Sci
Genome Pvt. Ltd., India, and the sequence analysis was performed
using the BLAST TOOL (Online CLUSTALW, BioEdit (ver-7.2.5).

2.5. Statistical Analysis

Data analysis was performed using the SPSS20 statistical software
to describe different variables such as percentage, mean, standard
deviation, and P-value to compare HCV Tri-dot positive with PCR
positive values. Perform Chi-square tests.

2.6. Phylogenetic Analysis

Construction of phylogenetic trees based on sequences from the
HCV sequence database. The final sequences contig was assembled
using CAP program of BioEdit v 7.2.5. The nucleotide and deduced
amino acid sequences were confirmed using the BLAST tool. Using
the nucleotide sequence of HCV as a query in NCBI-tBLASTn and
collect the different genotypes and sub-genotypes of HCV core region
sequences from sequence database (NCBI). Seven different genotypes
and subtypes, 28 sequences were considered for phylogenetic
analysis. Translated nucleotide sequences obtained were aligned using
MUSCLE 3.8 [13]. MEGA X was used to compare all the sequences,
and phylogenetic trees were constructed using the maximum likelihood
method (MEGA X), and the reliability of the trees was evaluated by
the bootstrap method with 1000 replications.

3. RESULTS
3.1. Identification and Prevalence Rate of HCV in HD Patients

The first objective of the study was to evaluate the prevalence of HCV
in dialysis patients through two different diagnostic methods such as
Tri-dot (antibody) method and the PCR (molecular) method [Figure 1],
a total of 410 patients agreed to participate in this study and serum
samples were collected from all the regions of Andhra Pradesh, India.
Samples were analyzed by the tri-dot method; out of 410 samples,
57 samples are positive, and the infection rate is 13.9%. At the same
time, samples were analyzed by the PCR method, in which 87 positive
samples were identified and the infection rate is 21.2%. The difference
between an antibody and molecular method infection rate is about
7.3%, only 9 positive samples which are identified HCV positive by
tri-dot but negative by PCR and the infection rate is 2.1%. In another
hand, 39 PCR positive samples were identified, and the infection rate is
9.5%; however, these samples have shown false negative in the tri-dot
method [Figure 1]. The cloned core region partial sequences obtained
from HCV infection were deposited in GenBank with accession no
MH174980, MH253323, MH374908, MH374909, MH374910, and
MH374911.

3.2. Hepatitis C Prevalence in HD Patients: Comparative Study
of Two Methods, that is, Tri-dot Method and PCR Method

As summarized in Table 2, a total of 410 HCV patients agreed for
analysis in which 328 are males and 82 are females who have been
under HD treatment for more than 2 years. In which, 13.4% were
positive in tri-dot method, but the same samples were investigated
by PCR method and the infection rate was 21.2%. Compared to male
patients, females are more susceptible with 15.9% in tri-dot method,
22% in PCR method. Comparative analysis of HCV prevalence rate
by antibody method and molecular methods along with enzymatic
analysis, co-infection study, different hepatic symptoms, and
prevalence rate were summarized in Table 2. We also studied co-
infection of HCV and found jaundice (icterus) with 32.4% in tri-dot
positive patients and 45.1% in RNA positive patients; cirrhosis with
24% in tri-dot positive patients and 64% in RNA positive patients;
liver cancer with 0% in tri-dot patients and 66.7% in RNA positive
patients; and hepatitis B surface antigens were also identified in HD
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Table 1: Details of PCR amplification universal, genotyping specific primers, and base pairs.

Nucleotide position Primer

54-34 Core-outer sense primer
410-391 Core-outer antisense primer
224 Core-inner sense primer
383-364 Core-inner antisense primer
—24-3 Sc2-Outer Sense Primer
417-391 Ac2-Outer antisense primers

Mix-1 primer

12-8 S7-Sence Primer
40-60 S2a-Sense Primer
222-203 Glb-antisense primer
178-159 G2a-antisense primer
325-306 G2b0-antisense primer
164-145 G3b- antisense primer
Mix-2 Primer
12-8 S7-Sence Primer
196-177 Gla-antisense primer
220211 G3a-antisense primer
87-58 G4-antisense primer
308-289 G5a-antisense primer
334-315 Goa-antisense primer

Sequence (5°-3’ annealing) Amplicon size (bp)
5xACTGCCTGATAGGGTGCTTGC 3% 454
5xATGTACCCCATGAGGTCGGC 3x
5xAGGTCTCGTAGACCGTGC A 3x 405
5xCACGTTAGGGTATCGATGAC 3%
5xGGGAGGTCTCGTAGACCGTGCACCATG3* 441
5xGAG (AC) GG (GT) AT (AG) TACCCCATGAG (AG) TCGGC3x
5xAGACCGTGCACCATGAGCAC3x
AACACTAACCGTCGCCCACAA
CCTGCCCTCGGGTTGGCTA (AG) 234
CACGTGGCTGGGATCGCTCC 139&190
GGCCCCAATTAGGACGAGAC 337
CGCTCGGAAGTCTTACGTAC 176
5xAGACCGTGCACCATGAGCAC3x
GGATAGGCTGACGTCTACCT 208
GCCCAGGACCGGCCTTCGCT 232
CCCGGGAACTTAACGTCCAT 90
GAACCTCGGGGGGAGAGCAA 320
GGTCATTGGGGCCCCAATGT 364

HCV RNA confirmation by RT-PCR using core region universal primers and genotyping confirmation by RT-PCR using genotyping specific primers, Sc2 and Ac2 primers are using
first-round PCR and Mix-1 and Mix-2 using second-round PCR for genotyping

Dignostic methods

PCR (+ve) & Tridot (-ve)

Tridot (+ve) & PCR (-ve)

PCR (+ve)

Tridot(+ve)

Difference between Tridot & PCR method

T T T T 1
0 5 10 15 20 25

Number of positive Patients (%)

Figure 1: Exposure detection of hepatitis C virus in dialysis patients’ clinical samples by tri-dot (antibody) method and PCR (molecular) method (due to more

patient with 25.6% in tri-dot positive patients and 39.5% in RNA
positive patients. The incidence of HCV disease in rural and urban
areas, is 12.1% in tri-dot positive patients and 22% in RNA positive
patients are from rural areas, followed by urban with 16% in tri-dot
positive patients and 20.3% RNA positive patients [Figure 2], is the
results obtained from agarose gel electrophoresis of PCR products
for the detection of HCV positive samples. Moreover, we have
summarized the risk factors of HCV infected HD patients in Table 3

with prevalence ration.

antibodies).

3.3. Awareness of HCV and HIV Infection in HD Patients

For this study, 410 voluntarily enrolled HD patients were divided into
four categories based on their education level and a set of questions
that would help determine their awareness of HCV were asked. The
questions were categorized into general knowledge about HCV, its
transmission, vaccine availability, and treatment and the results were
summarized in Figure 3. Surprisingly, most of the patients are unaware
of the spread of the disease and co-infections. They are completely
unaware of the major risk factors including the use of syringes and
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Table 2: Comparison of HCV prevalence rate in antibody method and molecular methods along with enzymatic analysis, co-infection study, different hepatic
symptoms, and prevalence rate.
Exposure source Total HCYV TRIDOT (%) HCV TRIDOT (%) HCYV RNA (%) HCV RNA (%)
number (+ve) (-ve) (+ve) (—ve)

Gender

Male n (%) 328 44 13.4 284 86.6 69 21.2 259 79

Female n (%) 82 13 15.9 69 84.1 18 22 64 78

Age (mean and years) 47.23 (21-86) 82.8 50.19 (22-85) 14.1 50.83 (21-86) 58.3 49.49 (22-85) 15.3

SGOT 410 43 75.4 27.62 7.8 49.97 57.35 2431 7.52

SGPT 410 455 79.8 29.73 8.41 52.14 59.93 26.48 8.19
Hepatitis B surface antigens

No 367 46 12.5 321 87.5 70 19.1 297 80.9

Yes 43 11 25.6 32 74.4 17 39.5 26 60.5
Jaundice

No 339 34 10 305 90 55 16.2 284 83.8

Yes 71 23 324 48 67.6 32 45.1 39 54.9
Cirrhosis

No 385 51 13.2 334 86.8 71 18.4 314 81.6

Yes 25 6 24 19 76 16 64 9 36
Liver cancer

No 404 57 14.1 347 85.9 83 20.5 321 79.5

Yes 6 0 0 6 100 4 66.7 2 333
Sampling areas

Rural 223 27 12.1 196 87.9 49 22 174 78

Urban 187 30 16 157 84 38 20.3 149 79.7

HCV Positive and Negative Samplei -
M+ -+ 4+ W
Tri Dot Negative Results Tri Dot Positive Results
Control Band Control Band
Positive Band
Core region 405 bp
a Gl &
HCV Genotype 3b samples & M 3 azsalgplis &
M 12 3 45 67
208 bp Genotype 1a
G3b 176 bp
El

Figure 2: (a) Represent hepatitis C virus (HCV) antibodies detect tri-dot method, one is negative results control band, second one is positive results control band

and test result band. (b) Represents 1.5% agarose gel electrophoresis of PCR products for the detection of HCV positive samples, identification of HCV infected

samples core region positive, and one negative sample 405 base pairs. M represents 1 kb plus DNA ladder (Fermentas, USA). (c) Represents HCV genotype 3b

positive and one negative sample samples 176 base pairs, M represents 100 bp DNA ladder (Fermentas, USA). (d) Represents HCV genotype la positive and one

negative sample samples 208 base pairs, M represents 100 bp DNA ladder (Fermentas, USA), collected from various dialysis centres in Andhra Pradesh.
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Table 3: Summary of HCV risk factors associated with hemodialysis patients.

Parameter n (%) HCYV TRIDOT (+ve) HCYV TRIDOT (-ve)
No. 57 353
Tattoos

No 54 (14.6) 316 (85.4)

Yes 3(7.5) 37(92.5)
Surgical treatment

No 47 (15.0) 267 (85.0)

Yes 10 (10.4) 86 (89.6)
Dental treatment

No 55(16.5) 279 (83.5)

Yes 2(2.6) 74 (97.4)
Blood transfusion

No 40 (11.7) 301 (88.3)

Yes 17 (24.6) 52(75.4)
Drug users

No n (%) 54 (13.3) 352 (86.7)

Yes n (%) 3(75.5) 1(27.0)
Organ transplantation

No n (%) 54 (13.8) 338(86.2)

Yes n (%) 3(16.7) 15(83.3)
Hemodialysis

Yes n (%) 57 (13.9) 353 (86.1)

P-value HCYV RNA (+ve) HCYV RNA (-ve) P-value
87 323

0.213 83 (22.4) 287 (77.6) 0.68
4 (10.0) 36 (90.0)

0.259 70 (22.3) 244 (77.4) 0.336
17 (17.7) 79 (82.3)

0.002 84 (25.1) 250 (74.9) 0.257
3(3.9) 73 (96.1)

0.005 70 (20.5) 271 (79.5) 0.446
17 (24.6) 52(75.4)

0 84 (20.7) 322(79.3) 0.008
3(75.0) 1(25.0)

0.729 80 (20.4) 312 (79.6) 0.061
7(38.9) 11 (61.1)
87 (21.2) 323 (78.8)

¥ unaware (HCV) Munaware (HIV) W partially aware (HCV) M partially aware (HIV]) & Aware (HCV) W Aware (HIV)

0 _’.IH |° WIH I o mi;l I° i
UEP

Number of people examined

PSLE PULE PGRAD

Level of awareness

Figure 3: Awareness of hepatitis C virus and HIV in uneducated and various
levels of educated dialysis patients (uneducated patients [UEP], patients with
school level education [PSLE], patients with pre-university education [PULE],
patients graduated and above [PGRAD]).

other precautionary measurements to avoid contamination. Sharing
needles or other drug-injection equipment that increases the risk of
contact with HIV or HCV infected blood. Most people have awareness
of HIV and its transmission but very few have awareness of HCV and
its transmission. Due to the lack of knowledge/awareness on HCV,
more than 60% of patients were admitted to the hospital at the stage
of liver cirrhosis. As per the collected information [Figure 3], there is
very little awareness among people about this disease in both rural and
urban areas as individuals often do not feel sick for many years. As

illustrated in Figure 3, a large proportion of respondents are ignorant
and do not have the awareness regarding the HCV transmission. Due
to this, in most cases, hospitals and diagnostic centres have become a
reason for HCV transmission.

3.4. Phylogenetic Analysis

Molecular and phylogenetic studies have demonstrated that the
evolution of HCV core region cloned in the present study showed
maximum likelihood with other seven different types of genotyping
sequences deposited in GenBank, NCBI, and all these sequences
formed a separate clade with good branch support [Figure 4]. Sequences
of HCV submitted genotype 3a and 3b into a different clade. Previous
studies used neighbor joining method for phylogenetics of HCV which
is used to cluster the sequences based on their relativity but in recent
times, maximum likelihood and Bayesian approaches are found to be
robust in phylogenetic analysis.

4. DISCUSSION

The results of the analysis showed that by the molecular method,
RT-PCR, the prevalence of HCV is 21.2%; but the same samples
were tested using the Tri-dot (antibody) method and the prevalence
rate is 13.4%. Therefore, it is better than the other kit methods to
recommend molecular methods for diagnosing the disease. As the
procedures used during dialysis itself are one of the simplest modes of
transmission by droplets, dialysis accidental blood spillage, infected
equipment handling, it is advisable to educate HD patients to prevent
contamination. Many developing countries, including India, are not
following the proper sterilization methods during the HD process [14].
Another important contamination mode of HCV is surgery, where
dialysis patients usually experienced a kind of surgery or kidney
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Figure 4: Phylogenetic tree of 22 whole and partial hepatitis C virus (HCV) core region sequences, collected from the HCV database, (http://hcv.lanl.gov/content/
sequence/NEWALIGN/align.html). Seven different types of genotypes and subgenotypes with our isolates MH174980, MH253323, MH374908, MH374909,
MH374910, and MH374911, respectively.

transplantation [15]. In our study, we found that blood transfusion
was significantly associated with HCV and is one of the highest mode
transmissions of infection. Our results also revealed that 3b is the
most predominant genotype with 83.3%; whereas genotype 1a is with
16.6%, out of 87 tested HCV RNA positive samples.

In our study, we noticed that the prevalence rate of HCV during the
HD period has increased dramatically. The prevalence rate of infection
was categorized every 2 years and the prevalence rate over 2 years is
12.9%; the infection rate is 19.4% in the 3"-4" year; the infection rate
is 33.3% in patients in the 5"-6" year; the infection rate is 44.8% in the
718" year; and the infection rate is 37.5% after 9 years. There are a lot
of variations in the prevalence rate of detecting disease by kit methods
and by molecular methods. In many incidences, kit methods are not
successful in detecting the disease. The data indicate that women
HCV RNA prevalence rate is slightly higher than men. The genotype
identification of the virus is a very important diagnostic method for
planning the treatment with drug combinations in a cost-effective
manner as different genotypes act in a different manner [16]. Most
of the Indian studies showed that the most prevalent HCV genotype
is 3 but some south Indian studies also show that the high prevalent
genotype 1 [17]. It is also observed that the highest prevalence of
3a/3b in the north and eastern region; whereas 1a/1b and equivalently
distributed in the western and southern region; genotype 4 and are
rare genotype in India [18]. Our studies revealed that the predominant
genotype in Andhra Pradesh, India, is 3 and the sub-genotype is
identified as 3b. In general, SGOT and SGPT levels are in normal
range in HD patients, whereas in chronic renal disease patients and in
HCYV infected renal patients SGOT, SGPT enzyme levels are slightly
increased [19]. Similarly, in this study, we observed the increased
SGOT and SGPT levels in all the chronic HD-HCV patients and more
levels of enzymes observed in HD-HCV patients with co-infections
such as jaundice, liver cirrhosis, and liver cancer. Our studies clearly

indicate the poor awareness of the HCV disease and the transmission
which is very dangerous and spreads the disease rapidly. Surprisingly,
even the dental students have no complete awareness of HCV;
because the association of HCV with special oral conditions has also
been reported recurrently to prevent the transmission of during the
treatment of HCV infection [20,21]. Increase the awareness to create
a more impact HCV is seen as a first step in the breaking of the cycle
of diseases and their ripple effect on populations influenced [22]. Like
HIV awareness programs, it is mandatory to educate people with more
awareness of HCV. Our present results represent that most of the HCV
infections are from the hospital and infected patients do not have a
complete awareness of its transmission and precautionary measures to
avoid contamination. As the HCV infection is 4 times higher than the
HIV infection rate, it is very essential to provide awareness programs
to the public. The clinical use of antiviral drugs could be driven by
the HCV genotype [23], but now there are a few days of single drugs
specifically targeted to the non-structural NSSB region, so that almost
all types of genotypes can be affectively inhibited by a single drug, so
that the method of genotyping detection is not used in the therapeutic
guidelines but necessary for successful vaccine development.

5. CONCLUSION

HCV is a significant problem for patients undergoing HD treatment
and this medical problem has never been studied in Andhra Pradesh,
India. Therefore, this study investigated the HCV prevalence in410 HD
patients from Andhra Pradesh, Southern India, during the period 2015-
17 and inspected different diagnostic methods. All HD patients, who
are undergoing HD treatment for the last 2 and more years, were invited
for a questionnaire discussion to collect data about their personal status
and their awareness of HCV. Of the 410 HD patients, 57 were positive
for HCV in the tri-dot detection method, but 87 were positive for HD
in the molecular (PCR) detection method. In some incidences (9.5%)
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where tri-dot showed HCV negative, when diagnosed by molecular
methods, they showed positive. In addition, 2.1% of HD patients were
positive for tri-dot, but negative for molecular methods.

To conclude, hepatitis C genotype 3, which is more difficult to
diagnose than other genotypes and more difficult to treat, is the most
prevalent HCV genotype in this study. Antibody methods are not
fully successful in detecting HCV-positive samples, especially in
HD patients. Therefore, it is important to diagnose HD patients with
sensitive HCV RNA detection through molecular methods. In addition,
many HCV-infected HD patients are unaware of the health care system
and more rules on bio-safety and intensive measures are needed to
inform patients and prevent serious contamination.
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