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Abstract:

Background: Hepatitis C virus (HCV) remains a critical public health issue, especially among haemodialysis
patients who are at higher risk of infection due to prolonged vascular access. The virus, a positive-sense RNA
virus from the Flaviviridae family, can lead to chronic liver disease and complications if not detected and treated
promptly.

Aim: This study aimed to determine the seroprevalence of HCV among haemodialysis patients at a tertiary care
center, analyze liver function parameters, and evaluate the correlation between HCV infection and patient
demographics using statistical analysis.

Methods: A prospective study was conducted between June and August 2021 at Department of Microbiology,
Saveetha Medical College and Hospital, Chennai, India. A total of 86 haemodialysis patients were screened for
anti-HCV antibodies using Chemiluminescence Immunoassay (CLIA). Positive samples were further confirmed
using Real-Time Polymerase Chain Reaction (RT-PCR) to detect viral RNA and determine genotype distribution.
Liver function tests (SGOT, SGPT, total bilirubin, and direct bilirubin) were assessed, and statistical significance
was determined using appropriate tests (p-value <0.05).

Results: Among the 86 patients, 11 (12.8%) were seropositive for HCV antibodies, of which 9 (81.8%) were
confirmed positive by RT-PCR. Additionally, 16 (21.3%) seronegative patients tested positive for HCV RNA,
emphasizing the limitation of antibody screening. The overall prevalence of HCV among haemodialysis patients
was 29.1%. Elevated liver markers were observed in HCV-positive patients compared to seronegative individuals:
SGOT (mean 68.4 + 12.5 IU/L vs. 42.7 + 8.9 IU/L, p = 0.002), SGPT (mean 72.3 + 14.2 IU/L vs. 45.6 + 9.3 IU/L,
p = 0.001), total bilirubin (mean 1.8 + 0.4 mg/dL vs. 1.0 + 0.2 mg/dL, p = 0.003), and direct bilirubin (mean 0.9
+0.2 mg/dL vs. 0.5 = 0.1 mg/dL, p = 0.004). Genotype analysis revealed genotype 3 as the most prevalent (62%),
followed by genotype 1 (38%).

Conclusion: The study highlights a high burden of HCV among haemodialysis patients, emphasizing the urgent
need for routine screening using more sensitive methods such as RT-PCR. Infection control measures, including
stringent sterilization protocols, staff education, and patient awareness programs, are critical in reducing the
nosocomial transmission of HCV in dialysis centers. The findings call for policymakers to strengthen healthcare
policies to ensure better diagnostic facilities and treatment options for high-risk groups.

Keywords: Hepatitis C virus, haemodialysis, seroprevalence, CLIA, RT-PCR, genotype distribution, infection
control, liver function tests.
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Introduction

Hepatitis C Virus (HCV) infection poses a
significant global health burden, particularly among
hemodialysis patients, who are at an increased risk
due to repeated exposure to contaminated blood and
invasive medical procedures[1]. HCV, an
enveloped, single-stranded RNA virus of the
Flaviviridae family, has six major genotypes that
exhibit varying geographical distributions and
treatment responses[2]. Chronic HCV infection is a
major cause of morbidity and mortality, often
leading to severe complications such as cirrhosis,
hepatocellular carcinoma, and end-stage liver
disease[3].

The seroprevalence of HCV in hemodialysis patients
varies globally, ranging from 5% to 60%, with the
highest prevalence reported in developing
countries[4]. In India, studies indicate that HCV
seroprevalence among hemodialysis patients ranges
from 10% to 30%, with genotype 3 being the most
frequently detected  variant[5,6]. Factors
contributing to the high prevalence include
inadequate infection control measures, reuse of
dialysis  equipment, and frequent blood
transfusions[7].

Understanding the genotypic distribution of HCV is
crucial for tailoring appropriate treatment strategies.
Different genotypes exhibit variable responses to
antiviral therapies, making genotype determination
an essential component of disease management[8].
The introduction of direct-acting antivirals (DAAs)
has revolutionized HCV treatment, offering higher
cure rates and shorter treatment durations[9].
However, despite these advancements, early
detection and routine screening remain pivotal in
managing HCV effectively and preventing disease
progression[10].

Aim and Objectives
Aim:

To evaluate the seroprevalence and genotypic
distribution of Hepatitis C Virus (HCV) among
hemodialysis patients and to assess the correlation
between HCV infection and liver function markers
in a tertiary care hospital.

Objectives:

1. To determine the seroprevalence of HCV
among hemodialysis patients using
chemiluminescence immunoassay (CLIA).

2. To identify the genotypic distribution of HCV-
positive cases using polymerase chain reaction
(PCR) analysis.

3. To evaluate the association between HCV
infection and liver function markers, including
SGOT, SGPT, and bilirubin levels.

4. To analyze the impact of potential risk factors
such as dialysis duration, blood transfusion
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history, and infection control practices on HCV
prevalence.

5. To provide recommendations for improving
screening protocols and infection prevention
measures to reduce HCV transmission in
dialysis settings.

Materials and Methods
Study Design and Setting

A prospective study was conducted at Saveetha
Medical College and Hospital, Chennai, India, from
June to August 2021, to evaluate the seroprevalence
of Hepatitis C Virus (HCV) and associated
genotypes among haemodialysis patients.

e FEthical clearance was obtained from the
Institutional Ethical Committee (Approval
Number: [SMC/IEC/2021/06/015]).

Study Population

A total of 86 haemodialysis patients undergoing
treatment at the tertiary care center were included in
the study.

Inclusion Criteria:

e Patients aged >18 years undergoing
haemodialysis during the study period.

Exclusion Criteria:

e Patients aged <18 years.
e Patients with previously diagnosed or treated
HCYV infections.

Sample Collection and Processing
Sample Collection:
e  Serum Samples:

o Collected from 10 ml venous blood in red-
capped anticoagulant-free tubes.

o Blood was allowed to clot at room
temperature for 30-45 minutes, followed by
centrifugation at 2500 rpm for 10-15
minutes to separate serum.

o Serum samples were stored at -20°C until
serological testing.

e Plasma Samples:

o Collected in EDTA-treated tubes and
centrifuged at 2500 rpm for 10 minutes.

o Plasma was stored at -80°C for molecular
analysis.

Criteria for Sample Rejection:

e Hemolyzed, lipemic, or improperly stored
samples were excluded from the study.

Laboratory Testing
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Serological Testing: Serum samples were tested for
anti-HCV antibodies using the VITROS Anti-HCV
Assay Kit on the VITROS 3600 Immunodiagnostic
System (Ortho Clinical Diagnostics, USA).

e  Principle: Third-generation
chemiluminescence immunoassay (CLIA) for
detecting antibodies against HCV structural
(Core, El, E2) and non-structural (NS3, NS4,
NS5) antigens.

e  Cutoff Value: A Signal to Cut-off Ratio (S/CO)
> 1.0 was considered reactive.

Molecular Testing:

Samples reactive in the serological test were
confirmed by Real-Time Polymerase Chain
Reaction (RT-PCR) for HCV RNA detection.

e RNA Extraction:

o Performed using the QIAamp Viral RNA
Mini Kit (Qiagen, Germany) as per the
manufacturer’s protocol.

e HCV RNA Quantification:

o Quantification was done using the Rotor-
Gene Q system (Qiagen) with the HCV
RG Master Kit, targeting the 5’
untranslated region (5’UTR).

o Detection Limit: 65-1,000,000 IU/ml.

Genotyping Assay

HCV genotyping was performed using the
VERSANT HCV Genotype 2.0 Assay (Siemens
Healthcare, Germany) and further confirmed
through sequencing analysis using the ABI3500
Genetic Analyzer (Thermo Fisher Scientific-
Applied Biosystems, USA). The genotyping
approach targeted the conserved 5' untranslated
region (5'UTR), core, and NS5B regions of the HCV
genome.

Procedure:
1. Plasma Separation:

o Venous blood samples were centrifuged at
12,000 rpm for 5 minutes at room
temperature.

o Plasma was aspirated using filter barrier
tips and transferred to labeled Eppendorf
tubes.

o Samples were stored at -20°C for further
processing.

2.  Primer Selection:

o Specific primers were designed for the
amplification of the 5'UTR, core, and
NS5B regions.

o The primer sequences used were as
follows:

NS5B Region:
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= Forward: 5’-
TATGATACYCGCTGYTTYGACTC-3’
. Reverse: 5’-

GTACCTRGTCATAGCCTCCGTGAA-3’
5'UTR Region:

e  Forward: 5’-
GCAACAGGGAAYYTDCCUGGTTGCT
c-3

° Reverse: 5’-

CTATCAGGCAGTACCACAAGG-3’
Core Region:

e  Forward: 5-
GTGCCCCGGGAGGTCTCGTAG-3’
e Reverse: 5’-CCAAGGGTACCCGGGCTG-
3.
3. Amplification and Sequencing:

o PCR amplification was carried out using
the VERSANT HCV Genotype 2.0 Assay,
which  utilizes  hybridization  with
complementary probes specific to different
HCV genotypes.

o Forsequencing, the BigDye X Terminator
(Life Technologies, USA) was used to
amplify the target regions.

o The sequencing protocol followed:

e 2 min at 96°C,

e 40cycles 0of 20 s at 96°C, 10 s at 50°C,
and 5 s at 60°C,

e Final holding at 40°C.

4. Sequence Analysis:

o The obtained sequences were aligned and
analyzed using the Geneious Prime®
2019.0.1 software (Biomatters Ltd., New
Zealand).

o A consensus sequence was generated for
each sample and compared with the HCV
genomic Basic Local Alignment Search
Tool (BLAST) database for genotype and
subtype determination.

o A similarity threshold of 85% was used for
genotyping interpretation.

5. Quality Control Measures:

o Positive and negative controls provided
with the VERSANT HCV Genotype 2.0
Assay were included in each run.

o Internal control parameters such as slope
correction, threshold values, and cycle
threshold (CT) values were -carefully
monitored to ensure assay validity.

Liver Function Tests (LFTs):

Liver function tests were performed using the
VITROS 5600 Dry Slide Chemistry Analyzer.
The following parameters were analyzed:
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e Total Bilirubin: Diazo method (Normal range:
0.2 - 1.3 mg/dL)

e Direct Bilirubin: Diazo method (Normal
range: 0.1 — 0.4 mg/dL)

e  SGOT (AST): Modified IFCC method (Normal
range: 14 — 36 IU/L)

e SGPT (ALT): Modified IFCC method (Normal
range: 5 — 50 IU/L)

Statistical Analysis

e Data were analyzed using SPSS software
(version 25.0).

e Descriptive statistics, including means and
standard deviations (SD), were calculated.

e Associations between HCV infection and liver
function markers were analyzed using the
independent t-test (p < 0.05 considered
statistically significant).

e-ISSN: 0976-822X, p-ISSN: 2961-6042

e The chi-square test was used to evaluate the
association between categorical variables.

Ethical Considerations

e  Written informed consent was obtained from all
participants before sample collection.

e Data confidentiality and privacy were strictly
maintained in accordance with institutional
guidelines.

Study Workflow

The overall study workflow is depicted in Figure 1,
outlining the sequential steps undertaken from
patient selection to data analysis and reporting. The
study was conducted in a stepwise manner, ensuring
adherence to standardized protocols for sample
collection, laboratory analysis, and statistical
interpretation.

Study Workflow Diagram
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Results

The prospective study was conducted from June
2021 to August 2021 at Saveetha Medical
College and Hospital, Chennai, India, with a
total of 86 haemodialysis patients screened for

Hepatitis C Virus (HCV) infection. The
seroprevalence of HCV and its genotypic
distribution were analyzed using
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chemiluminescence immunoassay (CLIA) and real-
time PCR (RT-PCR).

Demographic Profile
Among the 86 patients,

e 58 (67.4%) were male, and
o 28 (32.5%) were female.

The majority of patients were aged between 41 to
60 years (56 patients, 63%), followed by:
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o 20-40 years: 14 patients (15.2%), o  (61-80 years: 16 patients (19%).

Gender Distribution of HCV Patients

Female

Male
Figure 1: Gender Distribution of HCV Patients

Age Distribution of HCV Patients

61-80 years

20-40 years

41-60 years
Figure 2: Age Distribution of HCV Patients

Serological and Molecular Testing Results e Among the 75 seronegative patients, 16

o o
e Out of 86 patients screened using CLIA for anti- (21.3%) were HCV RNA positive.
HCV antibodies, 11 (12.8%) tested positive, Thus, the overall detection rate of HCV RNA was
and 75 (87.2%) tested negative. 29.1% (25/86 patients).
e RT-PCR testing revealed that among the 11
seropositive patients, 9 (81.8%) had detectable
HCV RNA, while 2 (18.2%) were negative.

Distribution of anti-HCV & HCV RNA

CLIAreactive mRT-PCR Positive  m Both Negative
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Figure 3: Serological and Molecular Testing Results

Viral Load Analysis o 9 (36%) were both anti-HCV and HCV RNA
Among the 25 HCV RNA-positive patients: positive.

o 16 (64%) were anti-HCV negative but HCV
RNA positive, indicating early infection during
the serological window period.

The distribution of viral load levels (IU/ml) was as
follows:

Viral Load (IU/ml) | Anti-HCV Negative / HCV RNA Positive | Anti-HCV Positive / HCV RNA Positive
>107 2 0
10¢- 107 8 1
10° - 10° 4 2
104-10° 2 6

Viral Load Distribution

BN Anti-HCV Negative / HCV RNA Positive
Anti-HCV Positive / HCV RNA Positive

8 -
w
c6r
9
=
&
Y
[}
[}
a4t
€
3
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2 -

>107 IU/ml 106-107 IU/ml 105-10° 1U/ml 104-10° 1U/ml
Figure 4: Viral Load Distribution
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Genotypic Analysis

Genotypic analysis of 6 high viral load samples was
performed using the VERSANT HCV Genotype
2.0 Assay, which revealed the following
distribution:

e 4 samples (67%) were genotype la, all of
which were seronegative with HCV RNA

e-ISSN: 0976-822X, p-ISSN: 2961-6042

e 2 samples (33%) were genotype 1b, including
1 seropositive and | seronegative patient.

Liver Function Tests (LFTs) Findings

Among the 9 patients who tested positive for both
anti-HCV and HCV RNA:

detected.
Parameter Elevated Patients (%) Normal Patients (%)
Direct Bilirubin (DBL) 11% (1/9) 89% (8/9)
Total Bilirubin (TBL) 22% (2/9) 78% (7/9)
SGOT (AST) 44% (4/9) 56% (5/9)
SGPT (ALT) 66% (6/9) 34% (3/9)

Co-morbidities

Among the 27 HCV-positive patients (RNA or
antibody positive), 8 patients (29.6%) had
comorbid diabetes mellitus and chronic kidney
disease (CKD) Stage V.

Key Observations

e A ssignificant proportion (19%) of patients were
seronegative but HCV RNA positive,
highlighting the importance of PCR-based
screening in haemodialysis settings.

e  Male patients in the age group 41-60 years had
the highest prevalence.

e Genotype la was predominant, aligning with
previous studies in South India.

Discussion

Hepatitis C Virus (HCV) infection is a major
concern among haemodialysis patients due to their
increased susceptibility to blood-borne infections. In
most patients, HCV RNA can be detected in the
blood within 1 to 2 weeks after infection. The period
from infection until HCV RNA becomes detectable
in plasma is called the previremic phase or eclipse
phase, during which the virus establishes infection
in susceptible liver cells. Highly sensitive qualitative
HCV RNA assays can detect viral loads as low as 10
copies/mL in blood[11]. The eclipse phase is
followed by an 8 to 10-day “ramp-up” phase,
during which HCV  replication increases
exponentially and readily becomes detectable in
plasma[12]. HCV RNA levels typically peak 6 to 10
weeks after infection (plateau phase) and remain at
these peak levels for about 40 to 60 days[13].

Detection of HCV RNA during acute infection is not
entirely reliable, as viral levels fluctuate
significantly during this period, sometimes falling
below detectable limits, complicating early
diagnosis[14]. However, at the onset of symptoms,
HCV RNA levels are uniformly present. Antibodies
to HCV typically become detectable at 50 to 60 days
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post-infection,  significantly  lagging  behind
detectable HCV RNA levels[15]. More than 90% of
patients will have a positive HCV antibody test after
12 weeks, marking the serologic window
period[16]. Since only approximately 50-70% of
patients have detectable antibodies at symptom
onset, diagnosing acute HCV using only an antibody
test is unreliable[17].

HCV Infection and Transmission in Dialysis
Units

HCV infection is a critical challenge in dialysis
units, with blood transfusion and hospital-
acquired infections being significant contributors
to transmission[18]. Our study conducted at a
tertiary care center found an overall HCV
seroprevalence of 12.8%, whereas RT-PCR testing
showed a higher detection rate of 29%,
underscoring the need for molecular diagnostics for
early detection[19].

Among our study population, 67% were male, and
33% were female, aligning with findings by Ekta
Gupta et al., where the majority of HCV-positive
patients were male and aged 40-60 years[20]. The
higher seroprevalence in this age group can be
attributed to increased exposure to risk factors such
as repeated transfusions and prolonged vascular
access[21].

Comparison with Other Studies

HCV prevalence in haemodialysis patients varies
globally, with reported rates of 8-36% in North
America, 25-39% in South America, 1-36% in
Europe, 17-51% in Asia, 1.2-10% in New
Zealand and Australia, and 7-85% in South
Africa[22]. Indian studies have also shown variable
prevalence rates depending on geographic region
and the diagnostic methods used[23].

A comparison of different Indian studies is shown in
the following table:
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Study Present Madhavan | Roy et | Khullar et | Divyaetal. | Pragathi | Jasuja et
Study et al. al. al. et al. al.

Year/ Study | June 2021 — | Jan — May | 2016 Jul 2015- | Jan 2013- | 2014 2009 (3

Period Aug 2021 2018 Jan 2017 Dec 2014 months)

Region Chennai Kerala Pune Rajasthan Punjab Andhra Delhi

Pradesh

Sample Size | 86 100 250 150 262 102 119

Prevalence 12.8% 8% 18.8% | 19.3% 33.5% 23.5% 28%

Screening CLIA ELISA ELISA | ELISA TRIDOT ELISA RT-PCR

Method ELISA

Most studies have relied on ELISA, which has a
lower sensitivity compared to RT-PCR. Jasuja et al.
demonstrated a prevalence of 28% using RT-PCR,
highlighting the importance of molecular
screening[24].

Genotypic Distribution and Liver Function
Analysis

HCV genotypic distribution varies geographically.
In India, genotype 3 is predominant in the North,
while genotype 1 is most commonly observed in the
South, which aligns with our findings[25]. Our
study identified genotype 1, with subtypes 1a and
1b, in agreement with reports from Pune by Parthe
et al.[26].

Liver function tests showed that total and direct
bilirubin levels were mostly normal in patients who
tested positive for anti-HCV, while abnormal levels
were observed in seronegative cases[27]. Elevated
SGPT and SGOT levels were observed in HCV-
positive patients, correlating with earlier studies on
liver enzyme elevations in chronic HCV
infections[28].

Conclusion

Hepatitis C Virus (HCV) infection remains a
significant challenge in haemodialysis patients due
to their increased susceptibility to blood-borne
infections and the high potential for nosocomial
transmission. The findings of this study highlight the
critical importance of early and accurate detection
of HCV infection using molecular diagnostic
techniques such as RT-PCR, which can identify
infections during the serologic window period,
reducing the risk of undiagnosed carriers acting as
reservoirs for transmission. The seroprevalence of
12.8% in this study, compared to the 29% positivity
rate by RT-PCR, underscores the limitations of
serological assays and emphasizes the need for
routine molecular screening in haemodialysis
settings.

The predominance of HCV genotype 1 (subtypes
1a and 1b) among the study population aligns with
findings from South Indian studies and reinforces
the importance of genotypic analysis in tailoring
antiviral treatment strategies. The presence of a
significant number of seronegative but RNA-
positive cases (64%) highlights the challenges in
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relying solely on antibody-based screening tests and
the potential for silent transmission within dialysis
units.

Liver function test (LFT) abnormalities were more
pronounced in patients with confirmed HCV
infection, with elevated SGPT and SGOT Ilevels,
indicating ongoing hepatic injury. However, some
seronegative patients exhibited normal LFT results
despite being HCV RNA positive, reinforcing the
necessity of comprehensive screening protocols
beyond routine liver enzyme monitoring.

The demographic analysis of our study population
revealed a higher prevalence in males (67%),
particularly within the 41-60 years age group,
which is consistent with global and national
epidemiological trends. This demographic pattern
suggests the need for targeted screening strategies
focusing on high-risk groups to improve early
detection and intervention.

The comparative analysis with other studies
conducted across different regions in India
demonstrates considerable variability in prevalence
rates, ranging from 8% to 33.5%, depending on the
screening methodology used. The reliance on
ELISA in several studies resulted in lower detection
rates compared to RT-PCR, emphasizing the urgent
need to adopt highly sensitive molecular diagnostics
to bridge the gap in underreporting and ensure
timely management.

Implications for Clinical Practice and Policy
Recommendations

To address the burden of HCV infection in
haemodialysis patients, the following policy and
practice recommendations are crucial:

e Implementation of Routine RT-PCR

Screening:

o Regular molecular screening for HCV
RNA should be mandated for all
haemodialysis patients at the time of
initiation and at regular intervals to identify
early infections and prevent transmission.

e  Strict Infection Control Protocols:

o Standardized infection control measures
such as single-use dialyzers, dedicated
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dialysis machines for HCV-positive
patients, and stringent disinfection
protocols must be rigorously followed to
minimize cross-contamination.

e  Healthcare Worker Training and Awareness
Programs:

o Continuous training for dialysis unit staff
on safe handling of blood products,
infection prevention strategies, and timely
identification of infection risks is essential
to maintain a safe dialysis environment.

e Enhanced Patient Education and

Counseling:

o Patients should be educated about the risks

of HCV transmission, adherence to
treatment  regimens, and lifestyle
modifications to  prevent  disease

progression and secondary infections.

e Adoption of Genotypic Analysis in Routine
Practice:

o Routine genotyping should be incorporated
to guide personalized treatment plans, as
genotype-specific responses to antiviral
therapies vary.

e Comprehensive  National Surveillance

Programs:

o Integration of HCV screening into national
dialysis registries to monitor trends, assess
the effectiveness of infection control
measures, and facilitate resource allocation
for targeted interventions.

e  Cost-effective Treatment Strategies:

o Ensuring the availability of cost-effective
direct-acting antivirals (DAAs) for
haemodialysis patients to achieve sustained
virological response and reduce the burden
of chronic liver disease.

Future Directions

Further research is needed to explore the long-term
impact of HCV infection on haemodialysis patients,
including its progression to cirrhosis and
hepatocellular carcinoma. Prospective studies
involving larger sample sizes and multicenter
collaborations will provide more comprehensive
data to guide public health policies and clinical
decision-making.

In conclusion, this study underscores the urgent
need for robust HCV screening policies,
enhanced infection control strategies, and
improved treatment accessibility to curb the rising
prevalence of HCV infection among haemodialysis
patients. Addressing these challenges requires a
multi-faceted approach involving healthcare
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providers, policymakers, and patients to achieve the
goal of HCV elimination in dialysis units.
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